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Abstract 
 

 Tulving and Schacter proposed that there is a specific memory system 

responsible for priming, which they termed the Perceptual Representation System 

(PRS).  It is considered responsible for representing the form and structure of stimuli 

rather than information about meaning, it is highly inflexible in its representation of 

stimuli, and is thought to comprise three domain-specific subsystems: the visual word 

form subsystem, the auditory word form subsystem, and the structural description 

subsystem.  The purpose of the present programme of studies was to examine the 

properties of subsystems of the PRS underlying priming.   

 Evidence for the PRS comes from a number of sources: neuropsychological, 

experimental dissociations in non-clinical samples, and neuroimaging studies.  

Although informative with respect to the theory, each of these methodologies has its 

own limitations.  A procedure developed by Rugg et al. (1998) overcame a number of 

previous limitations of studies of priming and provided a tool for examining the 

subsystems of the PRS.  Rugg et al. (1998), using ERPs, observed two qualitatively 

different ERP old/new effects associated with visual word-form priming (i.e., N400 

old/new effect) and recollection memory (i.e., LPC old/new effect), and on this basis 

reported the first dissociation of the visual word form subsystem from explicit 

memory.  Importantly, this dissociation was achieved when the two types of memory 

were tested concurrently, rather than using different tasks, and in a way that 

minimised the possible confounding of priming by explicit memory.   

 Studies 1a, 1b, and 2 reported in Chapter 3 were directed to replicating the 

findings of Rugg et al. (1998) using highly similar procedures.  Visually presented 

words were used to identify neural correlates of priming and explicit memory.   The 

substantial success of these studies made possible an extension of the experimental 
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work to the study of objects as stimuli (Studies 3a and 3b reported in Chapter 4) and 

to words presented aurally (Studies 4a and 4b in Chapter 5).  Thus the three 

subsystems of the PRS were examined.  Prior to this research programme there had 

not been any replications of the findings of Rugg et al. (1998) reported in the 

literature and no attempts to use stimuli in domains other than the visual.   

Using visually presented words, objects, and aurally presented words, priming 

and explicit memory effects were identified.  Across all modes of stimuli, the explicit 

memory effect was indexed between 500 and 800 ms post-stimulus, and was maximal 

at left parieto-central regions.  The presence of the LPC old/new effect at the left 

parietal electrode site may be explained as reflecting the operations of verbal memory, 

which is localised to the left hemisphere. 

 A N400 old/new effect that appeared to index priming was also present across 

each mode of stimuli.  Spatially, this effect was present most consistently across tests 

at parietal sites and specifically the right parietal site.  This may suggest that a 

common area that subserves the PRS is located in the posterior regions of the cortex.  

These outcomes support findings from neuroimaging studies that have identified 

priming effects associated with visual word, object, and auditory word priming tasks 

in secondary sensory and associative areas of the cortex.   

 Each mode of priming displayed N400 old/new effects at the right hemisphere, 

a spatial distribution that was not generally evident for the explicit memory effect.  

This outcome (right lateralisation) supports the proposition that the right hemisphere 

is engaged more than the left hemisphere in perceptual priming.  The right hemisphere 

advantage associated with perceptual priming, has been consistently identified in 

studies across each mode of priming and across neuropsychological, behavioural, and 

neuroimaging studies.   
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 Qualitative differences were observed between the three subsystems of the 

PRS and explicit memory which indicate independent operations.  This dissociation 

was achieved when the two types of memory were tested concurrently, rather than 

using different tasks, and in a way that minimises the possible confounding of implicit 

by explicit memory.   On this basis, convincing evidence is provided to support the 

Multiple Memory Systems (MMS) view that memory consists of independent explicit 

and implicit memory systems.  

 Further, the methods of this research programme have been shown to be a 

sensitive tool for studying the properties of the PRS.  The priming effects elicited by 

each of the three subsystems were characterised by pre-semantic and non-conscious 

processing of the perceptual features of stimuli.  The priming effect elicited by objects 

and aural words were also found to be longer-lasting effects (> 30 min) which 

provided evidence to support the long-term nature of the PRS subsystems.  These 

characteristics converge with the conclusions other research perspectives have 

similarly associated with the PRS.  Taken together, the properties of the three 

subsystems of the PRS identified in this research provide evidence to support the PRS 

and MMS theories.   

A final outcome of this research programme relates to ERP methods and 

memory.  This research programme has observed N400 old/new effects across three 

modes of priming.  This outcome is important as there are no reports in the literature 

of N400 old/new effects associated with object and auditory priming.  These results 

provide evidence to support the functional significance of the N400 old/new effect as 

an index of the PRS subsystems that support priming.   
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 A b b r e v i a t i o n s  
 
 C3 ...........  left central electrode site 
 C4 ...........  right central electrode site 
 Deep Rec ...........  deep recognised condition 
 EEG ...........  electroencephalograph 
 EOG ...........  electro-oculogram 
 ERPs ...........  event-related potentials 
 F3 ...........  left frontal electrode site 
 F4 ...........  right frontal electrode site 
 fMRI ...........  functional magnetic resonance imaging 
 Hz ...........  Hertz 
 kHz ...........  kilo-Hertz 
 kOhms ...........  kilo-Ohms 
 LOP ...........  levels-of-processing 
 LPC ...........  late positive component 
 LPN ...........  late posterior negative slow wave 
 m ...........  minutes 
 M ...........  mean 
 MMS ...........  multiple memory systems 
 ms ...........  milliseconds 
 N400 ...........  negative going wave ≈300-500 ms post-stimulus 
 P200 ...........  positive going waves ≈150-300 ms post-stimulus 
 P3 ...........  left parietal electrode site 
 P4 ...........  right parietal electrode site 
 PCA ...........  principal components analysis 
 PET ...........  positron emission tomography 
 PRS ...........  perceptual representation system 
 s ...........  seconds 
 SEM ...........  standard error of the mean 
 SD ...........  standard deviation 
 Shall Rec ...........  shallow recognised condition 
 Shall Unrec...........  shallow unrecognised condition 
 TAP ...........  transfer-appropriate processing 
 TP7 ...........  left temporal posterior electrode site 
 TP8 ...........  right temporal posterior electrode site 
 

G r e e k  a n d  E n g l i s h  L e t t e r  S y m b o l s  
 
 df ...........  degrees of freedom 
 F ...........  F statistic 
 μV ...........  microVolts 
 p ...........  general symbol for probability 
 ωp2 ...........  partial omega squared 
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CHAPTER ONE: PRIMING AND THE PERCEPTUAL REPRESENTATION 

SYSTEM 

 
Priming 

Long-term memory is currently understood as involving declarative or explicit 

memory and non-declarative or implicit memory (Squire, 1992).  A key distinction 

between the two forms of memory is that declarative memory is characterised by 

conscious recall, whereas non-declarative memory is not.  Implicit memory does not 

require any deliberate attempt to recall information previously presented.  Cohen and 

Eichenbaum (1993) proposed that the two forms also differ in the way memories are 

represented.  Declarative memory stores information via a relational form of 

representation that allows memories to be flexibly accessed and expressed in novel 

contexts.  In contrast, non-declarative memory uses inflexible representations, largely 

resulting in it being confined to repetitions of the initial exposure situation.   

Declarative memory can be further subdivided into memory for facts 

(semantic memory) and events (episodic) (Tulving, 1972).  Non-declarative memory 

involves a number of subtypes, e.g., procedural memory, priming, associative 

learning, and non-associative learning.  Procedural memory enables the learning of 

cognitive or motor skills and habits (Cohen, 1980). Priming is a change in the ability 

to identify or produce an item as a result of a specific prior encounter with it (Tulving 

& Schacter, 1990).  Associative learning refers to classical and operant conditioning 

and non-associative learning refers to habituation and sensitisation.  Figure 1 

illustrates one way of classifying different types of long-term memory.   

Of the various subtypes of non-declarative memory, a good deal of attention in 

recent work has been devoted to priming.  Priming is said to be demonstrated when 

the processing of stimuli that have been previously exposed is more rapid or accurate 
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than when the stimuli are being seen for the first time (Richardson-Klavehn & Bjork, 

1988; Tulving & Schacter, 1990; Wiggs & Martin, 1998).  Priming effects include 

decreased relearning time, lowered perceptual threshold, faster naming and reading, 

and increased likelihood of word-puzzle solutions.  A major feature of priming is that 

it occurs non-consciously.  Perception of stimuli in the environment is improved, 

independent of whether or not the stimuli are remembered consciously.   

 

 

 

 

 

 

 

 

 

 

 

Figure 1.  A Taxonomy of Long-Term Memory (adapted from Squire, 1986; 1987; 

Zola-Morgan & Squire, 1990) 

 

 

 Priming itself can be split into two subtypes: perceptual and conceptual.  

These two forms of priming are measured using different priming tests.  Perceptual 
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these periods (Blaxton, 1989).  Although tests can generally be categorized as either 

perceptual or conceptual in nature, to some extent each test involves a combination of 

both components (Eysenck & Keane, 1995). 

Priming tests include a study and test period.  Commonly, in perceptual tests 

participants are first shown a target stimulus.  After an interval the target stimulus is 

again presented but in this instance the stimulus is shown with reduced perceptual 

information.  Reduced cues may consist of initial letters or sounds of words (e.g., 

visual and auditory word-stem tests), word fragments (e.g., word fragment tests), 

partially obliterated visual and auditory words and objects, and briefly presented 

stimuli (e.g., visual object- and word-identification tasks) (Roediger & McDermott, 

1993; Schacter, 1987).  Examples of conceptual priming tests are free association, 

general knowledge, and category exemplar production (Richardson-Klavehn & Bjork, 

1988; Roediger & McDermott, 1993).  In these tests, synonyms, factual questions, 

and category types are used as cues during the encoding and/or test periods to provoke 

semantic associations with the target stimulus.  In both types of tests, participants are 

generally asked to respond to the test cues with the ‘first word/object that comes to 

mind’.  They are not told they are completing a memory task, and priming is 

demonstrated if participants respond to these cues with previously studied target 

stimuli, or by a decreased response time for target cues compared to non-studied cues.   

Priming in Amnesic Patients 

 In the past 40 years, neuropsychological research has converged to show that 

priming is frequently preserved in people with anterograde amnesia.  Scoville and 

Milner (1957) described the case of H.M., who sustained severe anterograde amnesia 

as a result of a bilateral medial temporal resection.  This resection resulted in an 

immediate impairment of the explicit recollection of everyday facts and events.  
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H.M.’s working memory (Wickelgren, 1968) and retrograde memory prior to 19 

months preceding surgery remained intact, as did his level of intelligence, personality, 

and perceptual processing.   

Initially it was thought that H.M.’s defective memory would prevent him from 

remembering any new information.  However, H.M. showed evidence of intact 

procedural memory, priming, and associative learning.  For example, H.M. displayed 

consistent improvement in performance on a mirror-drawing task (Corkin, 1965) and 

the rotary-pursuit test (Corkin, 1968), even though he was unaware of having 

previously performed the task.  Further, in an object-priming paradigm, H.M. required 

progressively fewer cues to identify incomplete drawings of common objects although 

he remained unaware that he had previously seen the target objects (Milner, Corkin & 

Teuber, 1968).  H.M. was also capable of associative learning as displayed in the 

ability to acquire a classically-conditioned eye-blink response that persisted two years 

after initial learning (Woodruff-Pak, 1993). 

The research conducted with H.M. has provided significant contributions to 

the understanding of memory.  The first, functional in nature, is that the medial 

temporal lobes and, more specifically, the hippocampus play a critical role in 

declarative memory.  The second is theoretical in nature.  H.M. did not sustain a 

comprehensive memory loss; only a specific kind of memory was impaired.  H.M. 

was unable to form new memories (post-operative) for facts and events, yet displayed 

residual non-declarative memory ability.  In much the same way, people with amnesia 

have displayed normal levels of priming on visual and auditory word identification 

tests (Cermak et al., 1985; Schacter et al., 1994), picture-naming tasks (Cave & 

Squire, 1992; Schacter, Cooper, Tharan, & Rubens, 1991; Verfaellie et al., 1996; 

Wilson et al., 1996), and word- and picture-completion tests (Graf, Squire, & 
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Mandler, 1984; Hamann & Squire, 1997; Warrington & Weiskrantz, 1974), which are 

all tests of perceptual priming.  The selectivity of the impairment experienced by 

people with amnesia challenges the notion that memory is a unitary phenomenon, and 

consequently memory researchers have argued that there are distinct and dissociable 

memory systems. These observations with people with amnesia contributed to the 

development of a theory of memory termed the Multiple Memory Systems (MMS) 

theory.  

A more recent finding that further supports the existence of multiple memory 

systems subserving human memory is the report of a patient who, compared with 

people with anterograde amnesia, displayed an opposite pattern of performance on 

memory tasks, that is, intact episodic memory and impaired priming performance.  

Gabrieli, Fleischman, Keane, Reminger, and Morrell (1995) reported the results of a 

patient, M.S., who as an adolescent had most of his right occipital lobe, including all 

of Brodmann areas 17 and 18, and part of area 19, surgically removed to relieve 

otherwise intractable epilepsy.  Gabrieli et al. found that M.S. performed poorly on 

tests of visual priming but was unimpaired on an explicit memory recognition test.  

Two of the participants with amnesia, who were included in the study, displayed an 

opposite outcome: their priming performance remained unimpared, while 

performance on an explicit memory task was impaired.  Taken together, these results 

constitute a double dissociation of memory tasks and pathology and provide 

convincing evidence of independent memory systems.   

Multiple Memory Systems   

 According to the MMS theory there are two (or more) memory systems, 

characterised by differing biological, knowledge, and operational boundaries.  A 

memory system is defined as a specific brain mechanism that encodes and retains 
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specific kinds of information and knowledge, and which operates according to 

specific laws and principles (Tulving, 1984; Schacter & Tulving, 1994).  In its 

simplest description a memory system is a set of correlated processes (Tulving, 1985).  

There still remains some confusion concerning at what stage observed patterns 

of findings necessitate the naming of a new memory system (Butler & Berry, 2001).  

Different theorists have highlighted the importance of specific assumptions in 

determining the independence of a putative memory system (Schacter, 1990; Schacter 

& Tulving, 1994; Schacter, Wagner, & Buckner, 2000; Sherry & Schacter, 1987; 

Tulving, 1984, 1985, 1987, 1991; Tulving & Schacter, 1990; Weiskrantz, 1987).  

Schacter and Tulving (1994) identified three criteria for identifying different memory 

systems: class inclusion operations, properties and relations, and convergent 

dissociations.  The first criterion asserts that a memory system should mediate a 

variety of tasks and functions within a specific domain.  For example, episodic 

memory uses many different types of information (objects, words, faces, places) and 

tasks (encoding, rehearsal, consolidation, and retrieval) to facilitate memory of 

personal events.  One adjunct to the class inclusion criterion is that of selective 

specificity.  Damage to a particular anatomical region (e.g., lesion) that results in 

broad impairment of a particular domain, while leaving other domains with limited or 

no impairment, provides evidence for selective operation of a specific memory 

system.   

The second criterion (properties and relations) asserts that, for a memory 

system to be identified, one must be able to describe the system’s properties (e.g., 

types of information the domain mediates, rules of operation, neural underpinnings, 

and functions) and the kinds of relations it has with other memory systems.  The third 

criterion, convergent dissociations, has arisen in reply to critics of MMS theory who 
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argue that numerous dissociations can be identified between many different kinds of 

memory and are often simply due to the type of experimental manipulation used.   

Simple variations in parameters of a task using the same cues or stimulus material can 

result in striking differences between performances on declarative and non-declarative 

tests (Cohen & Eichenbaum, 1993).  As a consequence, critics argued that there is the 

possibility of endless numbers of ‘memory systems’ being identified.  Schacter and 

Tulving’s (1994) response was to state that a putative memory system must be 

endorsed by convergent dissociations from multiple tasks and sources.   

On the basis of these three criteria, Tulving (1991) identified five memory 

systems as subserving human memory: procedural memory, the perceptual 

representation system (PRS), short-term memory, semantic memory, and episodic 

memory.  This taxonomy, illustrated in Table 1, is now widely accepted in the 

literature.   

The Perceptual Representation System  

In the early 1980s, Tulving, Schacter, and Stark (1982) speculated that 

priming effects exhibited in a word-fragment test might “reflect the operation of 

some…as yet little understood memory system” (p. 34).   In 1990, and as a result of 

converging evidence from neuropsychological and psychological data, Schacter 

(1990) and Tulving and Schacter (1990), identified the memory system responsible 

for perceptual priming as the ‘Perceptual Representation System’ (PRS).   The PRS is 

considered to operate at a non-conscious level, representing and retrieving the form 

and structure of stimuli rather than semantic or associative information related to 

stimuli (i.e., information concerning what a stimulus means or how it is used.).   
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Table 1 

Human memory systems and the information mediated by them. (Adapted from 

Tulving, 1995) 

 
Memory System Function 

Procedural Memory Motor Skills 

Cognitive Skills 

Associative Learning 

Non-Associative Learning 

Perceptual Representation System Priming 

• Visual Word Form 

• Auditory Word Form 

• Structural Description 

Semantic Memory Knowledge about world, language 

Episodic Memory Memory for events and experiences 

Working Memory Visual 

Auditory 

 

 

 
 

Functionally, the PRS facilitates the efficient identification of previously seen 

words or objects, or previously heard words and sounds (Schacter, 1996).  The PRS 

facilitates the automatic and effortless processing of information about the 

environment in which we live.  It is an early cognitive mechanism that allows humans 

to respond adaptively (generally unknowingly) to events that recur in their lives.  

Further, it may be a mechanism by which ideas or images “just pop into our heads”.   
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For example, a person, having travelled past a billboard advertising a particular soft 

drink, may, many hours later, stop to purchase fuel and decide, for ‘no particular 

reason’, to buy this same brand of soft drink.  In cognitive studies, the PRS is 

examined using tests of priming.  

Schacter (1990) suggested that the PRS functions by storing critical perceptual 

features of a stimulus (i.e., a perceptual representation).  When the same stimulus is 

re-experienced, those same critical features are matched to the stored representation.  

This matching of key perceptual features enables the more efficient processing of 

repeated stimuli, as evidenced in priming.   

The ability to store perceptual representations of stimuli is a robust feature of 

human cognitive function.  It is a key component in theories of visual recognition 

(Kanwisher, Downing, Epstein, & Kourtzi, 2001; Kosslyn, 1994; Ochner & Kosslyn, 

1999), the comprehension of language (Shelton & Caramazza, 1999), and memory.  A 

common proposition in theories of visual recognition and language asserts that 

perceptual representations are stored in separate domains, validated by the knowledge 

that different neural mechanisms mediate the transduction of the various types of 

sensory stimuli.   

In much the same way, Schacter (1994) asserted that the PRS consists of three 

domain-specific subsystems: the visual word form subsystem, the auditory word form 

subsystem, and the structural description subsystem.  The visual word form subsystem 

represents information about the visual and orthographic form of words.  The auditory 

word form subsystem mediates the acoustic and phonological characteristics of 

spoken words (e.g., pitch, tone).  The structural description subsystem facilitates 

information about the global form and structure of common visual objects.  These 

subsystems have common rules of operations (i.e., they mediate non-conscious 
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expressions of memory and generally operate at a pre-semantic level), but they differ 

from one another with respect to the kinds of information each one processes and the 

neural underpinnings that subserve them (Schacter & Tulving, 1994).  Further, 

although the subsystems may occupy distinct loci in the brain, they are integrated into 

the broad neural circuitry that defines the PRS (Schacter & Tulving, 1994).  This 

implies that secondary and associative visual and auditory cortices are likely involved 

in the PRS.  Schacter (1994) postulated that the common anatomical area 

underpinning the PRS is probably the posterior extrastriate cortex, which generally 

remains intact in people with anterograde amnesia. 

PRS: Neuropsychological Evidence (single-case) 

 Neuropsychological research has provided evidence that suggests the human 

brain has distinct mechanisms that can act independently to process the perceptual and 

conceptual components of a stimulus.  Schacter (1990; 1994) and Tulving and 

Schacter (1990) have cited this evidence to support the existence of the PRS. 

 Two particular alexias reveal a perceptual/conceptual dissociation in visual 

word stimuli.  The first of these is demonstrated in the observations of  Schwartz, 

Saffran, and Marin (1980) and Funnell (1983).  Each of these reports described 

patients who were unable to understand the meaning of words, yet retained an ability 

to accurately read the words aloud, even when the words presented had irregular 

spelling-to-sound correspondence (e.g., blood, climb, cough).  This observation 

indicated that patients had access to a stored representation of the word’s visual form, 

because irregular words cannot be read on the basis of grapheme to phoneme 

conversion (i.e., pronunciations cannot be sounded out).  A second group of patients, 

those diagnosed with surface dyslexia, show an opposite impairment.  These patients 

rely on grapheme to phoneme conversion strategies, which cause irregular words to 
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be read as regular words (e.g., “trough” is read as “truff”).  This observation suggests 

that stored representations of the visual word form either have been lost or are 

inaccessible, and thereby implies damage to some aspect of the visual word form 

subsystem (e.g., Marshall & Newcomb, 1973; Shallice, Warrington & McCarthy, 

1983).  Similarly, Gabrieli, Fleischman, Keane, Reminger, and Morrell (1995) 

described a patient, M.S., who displayed impaired perceptual priming in a word 

identification test but displayed normal levels of conceptual priming on a category 

instance production test. 

 Specific visual agnosias also provide evidence of dissociable perceptual and 

conceptual processes in object recognition.  For example, people with associative 

agnosia often display a preserved ability to recognise the visual, spatial, and 

perceptual properties of objects, yet display impairments in their ability to name 

objects and recognise semantic properties of objects.  Riddoch and Humphreys (1987) 

described a patient, J.B., who was unable to name visual objects, nor was he able to 

perform tasks that required access to conceptual knowledge about these objects.  

However, J.B. performed at normal levels on tasks that tapped knowledge of object 

structure (e.g., determine whether a drawing of an object represents an object or a 

non-object, i.e., where the non-object has critical features missing or includes 

incorrect features).  This may indicate that J.B. could access the perceptual 

representations of objects, but not the conceptual representations associated with these 

objects.   

 Neuropsychological evidence has also revealed a perceptual/conceptual 

dissociation with auditory word stimuli.  Schacter, McGlynn, Milberg, and Church 

(1993) described a patient, J.P., who was diagnosed with word-meaning deafness, 

after suffering a stroke in the left medial/inferior temporal gyrus.  People with word-
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meaning deafness have difficulty processing semantic associations of auditory words, 

yet retain the ability to process these words using perceptual operations.  The 

impairment is specific to the auditory domain.  J.P. was unable to comprehend spoken 

words, yet could repeat words spoken to him, which indicated that J.P.’s perceptual 

ability was relatively intact.  Schacter et al. found that relative to controls, J.P. 

performed poorly on conceptually-oriented tasks, including a word-definition task and 

a word-relatedness test, where participants identify semantically-related words.  In 

contrast, J.P. showed a normal priming effect on an auditory word-identification test 

(where a low pass filter was used to degrade repeated and new words).  J.P.’s 

impairment was due to left lateral temporal damage, which supports the notion that 

regions of the right auditory cortex may mediate the auditory word form subsystem 

(Schacter, 1994).  Other findings consistent with the view have come from a study of 

deficits of people with right hemisphere lesions.  Deficits associated with right 

hemisphere lesions include: voice recognition impairments (Van Lancker & Kreiman, 

1987); and difficulties in processing voice prosody (Ross, 1981).   

 Although neuropsychological research appears to provide evidence to support 

the existence of an independent, perceptually-oriented memory system, the lesion 

methodology is associated with a number of limitations which threaten this 

conclusion.  The single-case study methodology, in which the neuropsychological 

impairments of one person are assessed, is often utilised because of the difficulty 

associated with recruiting homogenous groups of neuropsychologically impaired 

individuals.  Naturally occurring brain damage (i.e., lesions) rarely occurs within 

discrete structural or functional boundaries, making it difficult to identify people who 

have similar neuroanatomical or functional deficits.   
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 Although case studies provide an opportunity to present unique outcomes 

which are useful in restraining theory (Bauer, Leritz, & Bowers, 2003), an associated 

weakness is that outcomes may represent impairments unique to a particular 

individual, rather than a typical dysfunction representative of a wider population.   A 

further limitation is that it is also difficult to predict how an individual’s brain might 

uniquely reorganise itself during recovery from a naturally or surgically occurring 

neural lesion, a process termed ‘functional reorganisation’.  For example, recovery 

may be the result of new synaptic connections in areas remote from the original lesion 

site.  This further complicates the process of attributing behavioural dysfunction to a 

specific neural mechanism or structure (Bauer, Leritz, & Bowers, 2003), and threatens 

inferences regarding typical cognitive function associated with a particular 

neuropsychological impairment.  Individual variability is thus a key weakness 

inherent in the single-case study methodology that may lead to over-simplistic 

inferences about the relationship of the brain and behaviour (Robertson & Schendel, 

2000).  Although lesion studies have provided useful data to inform the development 

of theory, including the PRS theory (Schacter, 1994), establishing the validity of the 

theory requires data from other sources.  One means of validating the outcomes of 

neuropsychological research is to use converging evidence from multiple tasks and 

sources to validate neuropsychological outcomes (Robertson & Schendel, 2000; 

Schacter & Tulving, 1994). 

PRS: Behavioural Evidence in Non-clinical Populations 

 Since the early 1980s, experimental dissociations between declarative memory 

and priming have been demonstrated in non-clinical group studies.  Experimental 

manipulations used to identify such dissociations include changes in stimulus form 

and modality between study and test, and the levels-of-processing (LOP) 
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manipulation.  Proponents of the PRS theory have used these outcomes to further 

elucidate the psychological and behavioural properties associated with different 

memory systems.  

Experimental procedures in non-clinical group studies typically make use of a 

study/test experimental paradigm common in memory research.  In this paradigm, 

participants are initially presented with items to learn, and retention of these study 

items is tested at a later time.  Instructions for the learning phase (encoding) or for the 

test phase (retrieval) can be manipulated, and main effects for encoding or retrieval, 

or their interaction, can be tested. 

The distinction between the two categories of memory tests (i.e., declarative 

memory and priming tests) is in terms of whether a deliberate or conscious attempt is 

involved in making apparent the effects of previous experience.  In the case of 

declarative memory, the participant is told that memory is being tested and is actively 

reminded to draw on previous exposure to the stimulus material.  In priming, by 

contrast, the participant is not made aware that memory is being tested and the benefit 

of previous exposure is examined without the participant’s conscious involvement.   

In the following section explicit/implicit memory dissociations gained using 

form and modality specific experimental manipulations and the LOP manipulation 

will be discussed. 

Form-specific Priming  

Changes in the surface features of stimuli between study and test often lead to 

different effects on declarative memory and priming tasks.  For example, study-to-test 

changes in the type-font of words have been shown to reduce priming in perceptual 

priming tests (Graf & Ryan, 1990; Jacoby & Hayman, 1987; Wiggs & Martin, 1994), 

but to have no effects in tests of recognition and recall.  Attenuation of priming has 
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also been identified in object priming tests where experimental manipulations that 

distort the global form or representation of an object have been found to reduce 

priming.  For example, structurally possible objects, relative to structurally impossible 

objects, show normal levels of priming (Schacter, Cooper, & Delaney, 1990), an 

outcome which suggests that priming is supported by a system involved in the 

representation of ecologically valid visual objects.  Further study-to-test changes in an 

object’s exemplar or picture-plane orientation (>80o) have been found to attenuate 

object priming (Murray, Jolicoeur, McMullen, & Ingleton, 1993; Srinivas, 1993, 

1995).  Consistent with these outcomes, Biederman and Cooper (1991) found that 

object priming is reduced if two different pictures of an object are shown across 

study/test periods, relative to a condition where the same picture of the object is 

presented across periods.  However, study-to-test changes that do not alter the global 

form of objects, for example changes in left/right reflection, do not attenuate priming 

(Cooper, Schacter, Bellesteros, & Moore, 1992).   

Further, auditory priming tasks, relative to explicit memory tasks, have been 

found to be sensitive to specific changes in study/test stimulus information, including: 

speaking rate (Sommers, 1999); fundamental frequency (Church & Schacter, 1994; 

Sommers, 1999); sentence intonation (Church & Schacter, 1994); and voice (Schacter 

& Church, 1992 (Experiments 3,4); Schacter, Church, & Bolton, 1995 (in people with 

amnesia); Sheffert, 1998; Sommers, 1999).  These study-to-test changes have resulted 

in reduced priming performance in auditory priming, yet do not reduce auditory 

recollection.   

These examples support the proposition that perceptual priming occurs when 

key perceptual features of a stimulus remain the same between study and test 

(Schacter, 1994).  However, explicit memory tasks are not similarly sensitive to the 
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manipulation of perceptual features.  This outcome has been used to inform PRS 

theory by including a claim that the subsystems of the PRS operate by first storing 

and then matching perceptual representations or templates of stimuli.  For example, 

with visually presented words, key features related to the orthographic characteristics 

of a word are stored.  When these same features are re-experienced, a match is made 

between the repeated stimulus and the stored representation.  Therefore, compared to 

explicit memory processes where representations can be accessed in various different 

forms and expressed in novel contexts (Cohen & Eichenbaum, 1993), the PRS acts in 

an inflexible manner, because priming is most evident only when key perceptual 

features of the representation remain the same between study and test.  

 An interesting addition to form-specific effects in auditory priming tests was 

identified by Schacter and Church (1992).  In a series of experiments using the form-

specific priming manipulation, Schacter and Church showed that auditory priming 

may be mediated by two different priming systems.  One system, possibly located in 

the right posterior hemisphere, processes voice and acoustic information, and the 

other system, possibly located in the left hemisphere, processes more abstract 

phonological information.  These proposals were based on findings that, when white 

noise was used as a means to degrade words in an auditory word-identification task 

and word stem task (Schacter & Church, Experiments 1, 2, 5), changes in speaker’s 

voice did not modulate the priming effect.  However, in two other experiments where 

white noise was not incorporated into the test design (Experiments 3, 4), the priming 

effects were attenuated with voice changes from study to test.  Schacter and Church 

postulated that white noise may interfere with the specific acoustic function of a right 

hemisphere memory system, leaving the more abstract phonological function of a left 

hemisphere memory store available to facilitate priming.   
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 This view is consistent with the dissociable-subsystems theory identified by 

Marsolek and colleagues (Burgund & Marsolek, 2000; Marsolek, 1995, 1999; 

Marsolek, Kosslyn, & Squire, 1992; Marsolek, Squire, Kosslyn, & Lulenski, 1994).  

Their theory was derived largely from divided, visual field studies and asserts that 

dissociable neural subsystems mediate visual recognition: an abstract subsystem 

(enabling amodal or viewpoint-invariant recognition) that operates more effectively in 

the left hemisphere, and a form-specific or specific exemplar subsystem (enabling 

form-specific or viewpoint-dependent recognition) that operates more effectively in 

the right hemisphere.  The implication of the findings identified by Schacter and 

Church and Marsolek and colleagues, is that perceptual priming may be mediated by a 

neural generator (or generators) located in the right hemisphere (i.e., PRS), while 

conceptual priming may be mediated by a generator (or generators) located in the left 

hemisphere.  This subject has been further considered by Gabrieli (1999). 

Modality Specific Priming  

 A further manipulation that displays the inflexible manner in which the PRS 

processes stimuli, is modality shift between study and test.  As previously discussed, 

priming has been shown to occur for stimuli presented in three different modes: visual 

word, object, and auditory word form.  In the modality shift manipulation, stimuli are 

presented in at least two different modes.  In one condition, the stimulus is presented 

at study and test in the same mode (the within-modality condition) and, in another 

condition, modality is shifted between study and test (the amodal condition).  A 

common outcome of this manipulation is that priming in perceptually-oriented tests is 

attenuated in the amodal condition, whereas declarative memory remains generally 

insensitive to mode changes.  For example, study-to-test changes in mode from 

auditory word to visual word form (Jacoby & Dallas, 1981; McClelland & Pring; 
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1991) and from visual object to visual word form (Scarborough, Gerard, & Cortese, 

1979) generally inhibit priming.  However, performance on explicit memory tests is 

generally not affected in amodal conditions (Hirshman, Snodgrass, Mindes, & 

Feenan, 1990).  The improved priming performance associated with the within 

modality condition supports the view that the PRS is domain or modality specific.  

The Levels-of-Processing Manipulation and Priming 

The most commonly researched dissociation between declarative memory and 

priming is that which occurs using a LOP manipulation (Craik & Lockhart, 1972).  A 

much-cited study, used to demonstrate this effect, is that conducted by Jacoby and 

Dallas (1981).  Jacoby and Dallas (1981) had participants study target words using a 

deep (e.g., answering questions about the meaning of target words) or shallow (e.g., 

deciding whether or not a word contains a particular letter) encoding task.  Memory 

for target words was later tested using an explicit memory test (a yes/no recognition 

test) and a priming test (a word-identification test).  Results revealed that the LOP 

manipulation influenced significantly memory performance in the explicit memory 

test, with recognition of target words greater following deep encoding than shallow 

encoding.  However, the LOP manipulation did not affect memory performance on 

the priming test, with performance equivalent following deep and shallow encoding 

tasks.  The conclusion was that deeper processing facilitates explicit memory but not 

priming.  These findings have been replicated many times, using different forms of 

declarative memory and priming tests (Bowers & Schacter, 1990; Graf & Mandler, 

1984; Graf & Ryan, 1990).  The LOP manipulation similarly affects auditory 

(Schacter & Church, 1992; Schacter, Church, & Treadwell, 1994) and object priming 

(Schacter & Church, 1992; Schacter, Cooper, & Delaney, 1990) and these results have 

been used to support the pre-semantic nature of the PRS (Schacter, 1994).  



 38

Richardson-Klavehn and Bjork (1988) observed that: “There are now numerous 

demonstrations that traditional encoding manipulations, while producing strong 

effects on performance in a direct test, do not affect the extent of repetition effects in 

an indirect test” (p. 635).  As a result of these findings, researchers hypothesised that 

priming was insensitive to semantic information.   

In recent years, this view has been challenged by research that has identified 

LOP effects in tests of perceptual priming.  A meta-analysis of 131 published studies 

involving LOP manipulations in perceptual and conceptual word implicit tests in both 

between- and within-subject designs concluded that memory performance was 

significantly better in these tests when stimuli were encoded using semantic rather 

than structural processes (Brown & Mitchell, 1994).  Although the LOP manipulation 

sometimes fell short of reaching statistical significance in individual perceptual 

implicit tests, analysis over many studies revealed a significant LOP effect.  Brown 

and Mitchell (1994) found that the LOP manipulation had an effect in 79% of implicit 

memory tests and 97% of explicit memory tests.  Challis and Brodbeck (1992) found 

similar results in an earlier meta-analysis. They identified three possible reasons that 

perceptual implicit memory tests may be sensitive to the LOP manipulation, but 

concluded that there is no compelling evidence in favour of one explanation over 

another.  First, performance may be contaminated by explicit retrieval.  Participants 

may explicitly remember the target words they have previously seen at study.  

Therefore, target words may have been encoded using conceptually driven processes.  

Second, it may be the case that the LOP manipulation does affect perceptual processes 

during encoding.  The third explanation is that perceptual implicit tests are not pure 

measures, sensitive only to perceptual processes, but may contain a conceptual 

component that is sensitive to the LOP manipulation.  In view of these findings it is 
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premature to imply from the outcomes of LOP research that the PRS is insensitive to 

semantic information.  It would be more correct to propose that the PRS is less 

sensitive to semantic aspects of stimuli than declarative memory tasks.  In general 

terms however, all of the experimental manipulations described have provided 

evidence for the domain specificity of the PRS and its relatively inflexible and 

automatic mode of functioning.   

The validity of the dissociations identified in non-clinical samples is 

compromised when participants complete tests of priming using explicit memory 

strategies.  This can occur in two ways.  First, participants might ‘catch on’ to the 

covert aim of the implicit test and deliberately and consciously retrieve study words 

(e.g., intentional retrieval).  Second, participants might respond to implicit memory 

tests with familiar words or with words they feel may have been in the previous study 

list (e.g., unintentional retrieval) (Jaccoby, 1991; Richardson-Klavehn & Bjork, 1988; 

Schacter, Bowers, & Booker, 1989).  

PRS: Evidence from Studies using Functional Brain Imaging 

The advent of functional brain imaging has provided a means to further 

examine the MMS and PRS theories.  Schacter, Wagner, and Buckner (1998) 

observed that, since the mid 1990s, use of these techniques has facilitated a dramatic 

shift in the investigation of distinct types of memory.  Positron emission tomography 

(PET) and functional magnetic resonance imaging (fMRI) enable the identification of 

specific neural areas that mediate different forms of memory, and the study of the 

functional independence of these sites.  Further, they have been used to elucidate 

mechanisms subserving priming.  For example, studies using both types of 

neuroimaging have consistently shown that priming is accompanied by decreased 

neural activity at specific anatomical sites.  Visual word form perceptual priming has 
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been found to be accompanied by decreased activity in the extrastriate cortex, 

specifically, in higher-level visual areas (i.e., BA 19) (Buckner et al., 1995; Halgren et 

al., 1997; Schacter & Buckner, 1998).   

 Similarly, decreased haemodynamic activity in early to mid-level visual 

processing has also been associated with object priming (Buckner et al., 1998, 2000; 

Henson, Shallice, & Dolan, 2000; Koutstaal et al., 2001; Meister et al., 2005; Reber, 

Gitelman, Parrish, & Mesulam, 2005; Simons et al., 2001, 2003; for a review see 

Martin & Van Turennout, 2002).  Vuilleumier, Henson, Driver, and Dolan (2002) 

found that form-specific priming was associated with reductions in the activity of the 

right fusiform cortex, whereas amodal priming was associated with activity decreases 

in the left fusiform cortex.  This is consistent with the findings of divided visual field 

studies that have shown form-specific object priming is more efficiently processed in 

the right hemisphere, while abstract priming (e.g., unusual orientations of a familiar 

object) is more efficiently processed in the left hemisphere (Marsolek, 1999; 

Marsolek, Kosslyn, & Squire, 1992; Marsolek, Squire, Kosslyn, & Lulenski, 1994).   

 An unexpected outcome identified in the few neuroimaging studies of within 

modality auditory priming completed before 2004 (Badgaiyan, Schacter, & Alpert, 

1999; Badgaiyan, Schacter, & Alpert, 2001; Buckner, Kouststaal, Schacter, & Rosen, 

2000; Carlesimo et al., 2003; Wheeler, Petersen, & Buckner, 2000) is that auditory 

priming is localised to multimodal and visual regions of the brain.  This is contrary to 

the expectation from PRS theory, which posits that, although the different subsystems 

are possibly integrated at a superordinate neural region, they are localised to domain 

specific neural loci (Schacter, 1994).  Therefore, it would be expected that auditory 

priming is associated with activity in the auditory cortex.  One explanation of this 

anomaly is that the auditory priming tests used in the studies to date may depend upon 
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lexical and phonological representations rather than acoustic representations 

(Bergerbest, Ghahremani, & Gabrieli, 2004).  One recent fMRI study has identified 

repetition-suppression effects in the auditory cortex (i.e., right superior temporal 

gyrus, bilateral superior temporal sulci) as well as the right inferior prefrontal cortex.  

Unlike previous studies, Bergerbest, Ghahremani, and Gabrieli (2004) incorporated 

environmental sounds into an auditory priming task.  Bergerbest et al. suggested that 

the use of environmental sounds may have caused participants to focus on the 

perceptual nature of the stimuli (i.e., the acoustic characteristics of the stimuli) and 

this may have elicited a response from auditory regions rather than associative 

language areas.     

One explanation used to interpet priming-related decreases in neural activity, 

which is gaining support, associates decreased neural activity with a change in the 

way a repeated stimulus is represented, resulting in greater processing efficiency 

(Martin & Van Turennout, 2002).  Neural representation of a repeated stimulus may 

become “sharper” or “sparser” (i.e., only the essential or more specific structural 

characteristics of the stimulus are retained), which may facilitate a quicker 

behavioural response (Desimone, 1996).  This explanation is congruent with PRS 

theory because it suggests that the global surface features of stimuli are processed in a 

more efficient manner (Martin & Van Turennout, 2002).  Priming-related decreases in 

neural activity may be related to a phenomenon identified in studies of non-human 

primates, repetition suppression.  Studies show that repeated exposure to the same 

stimulus reduces responses across a large proportion of the inferior temporal lobe.  A 

similar mechanism may subserve priming in humans (Desimone & Duncan, 1995).  

However, Henson and Rugg (2003) cautioned that reduced haemodynamic activity 
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associated with priming may be the result of non-priming factors including ‘reduced 

gaze duration or diminished attention to repeated stimuli’ (p. 267). 

A weakness associated with neuroimaging studies of priming, and relevant to 

the previous discussion, is that reduction of haemodynamic activity may not be an 

indicator of priming, but may reflect some form of explicit memory (Squire et al., 

1992).  Henson (2003) asserted that the majority of neuroimaging studies conducted 

in the area of priming (i.e., specifically those concerned with identifying dissociations 

between implicit and explicit memory) have not included measures to reduce the 

threat of explicit memory contamination of priming tasks.  As a result, neural 

reductions may reflect intentional or unintentional explicit memory strategies.   

A further weakness associated with brain imaging techniques in studies of 

memory is the low temporal resolution of such methodologies.  The haemodynamic 

imaging signal is influenced by the duration as well as the magnitude of change in 

neural activity, thereby making it more difficult to detect transient changes in activity 

as opposed to sustained changes (Rugg, 1998, p. 398).  Cognitive processes occur 

very quickly, particularly priming effects, thus functional imaging techniques may not 

accurately reflect such effects.  

Therefore, as with lesion studies, and behavioural studies, neuroimaging 

studies have provided evidence that supports the existence of the PRS, but these 

outcomes are tempered by methodological problems, in particular, the possible 

confounding of results by intentional or unintentional explicit retrieval strategies.   

Unitary View of Memory 

 Opposing the MMS view of memory is the unified or process systems view 

which asserts that memory is the result of interacting cognitive processes that are 

diffused throughout the brain but constitute a single system (Roediger, 1990).  For 
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example, Roediger (1990) maintained that the declarative/non-declarative distinction 

identified using the LOP manipulation can be accounted for using the theory of 

transfer appropriate processing (TAP).  TAP asserts that memory performance will 

benefit to the extent that cognitive operations performed at test, match those at 

encoding.  Therefore, memory performance in semantically oriented tests is enhanced 

when stimuli have been previously semantically encoded and memory performance in 

perceptually oriented tests is enhanced when stimuli have been perceptually encoded.   

A major tenet of TAP theory is that stimuli can be processed using either 

perceptual (bottom-up, data driven) or conceptual (top-down, meaningful) processes 

(Blaxton, 1989; Roediger, 1990).  According to the theory, memory performance is 

facilitated on a conceptually oriented test when information is initially encoded 

conceptually, and performance on a perceptually oriented test is maximised when 

information is encoded perceptually.  Thus dissociations can be expected where there 

are differences in the perceptual or conceptual nature of the stimuli between initial 

presentation and test.  Roediger contended that many of the well-established 

dissociations between implicit and explicit memory have in fact been dissociations 

between perceptual and conceptual processes.  This has occurred because most 

implicit memory tests are perceptually driven, whereas most explicit memory tests are 

conceptually driven.  Blaxton (1989), in support, found evidence of a dissociation 

between perceptual and conceptual implicit and explicit tests.  The significance of her 

experiment is that dissociation occurred on the basis of the conceptual and perceptual 

nature of the test, rather than on the basis of the test being either implicit or explicit in 

nature.    

TAP theory has been challenged, however, by the findings discussed earlier 

that semantic processing facilitates perceptual implicit memory (Brown & Mitchell, 
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1994; Challis & Brodbeck, 1992).  Moreover, a significant weakness of the process 

view of memory is that it is unable to provide a satisfying account of why priming is 

preserved in people with amnesia.  It is possible that people with amnesia are 

somehow unable to engage in conceptually driven processing.  However, most people 

with this disorder display normal intelligence, and often show priming on conceptual 

implicit tests. 

PRS: Future Directions 

Convergent evidence has identified common functions and tasks and 

properties and relations of the PRS.  Together, these outcomes provide support for a 

PRS memory system.  The validity of explicit and implicit memory dissociations, 

particularly in non-clinical populations, is threatened if explicit memory retrieval 

strategies are used in priming tests.  Further support for the PRS could therefore be 

garnered using a methodology that minimised this threat.  Henson (2003) asserted that 

an ideal means of achieving this would be to concurrently test explicit and implicit 

memory, and identified the research conducted by Rugg et al. (1998) as an example of 

where this had been successfully achieved.  Rugg et al. (1998) used event-related 

potentials (ERPs) to achieve the first dissociation between visual word-form priming 

and explicit memory, where both types of memory were tested concurrently.  

Therefore it would appear that ERPs are a complementary means of providing valid 

evidence to further identify the properties and operations of the PRS. 

Summary for Chapter 1 

 Priming is a form of non-declarative memory or implicit memory that, as with 

other forms of implicit memory, does not involve any conscious or deliberate attempt 

to retrieve information.  It is demonstrated when stimuli that have been previously 

exposed are processed more rapidly or accurately than stimuli exposed for the first 
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time.  Interest in priming as a form of memory was stimulated by the demonstration 

that it can be preserved in amnesic patients who show deficits in explicit or 

declarative memory.  Tulving and Schacter proposed that there is a specific memory 

system responsible for priming, which they termed the Perceptual Representation 

System (PRS).  It is considered responsible for representing the form and structure of 

stimuli rather than information about meaning, it is highly inflexible in its 

representation of stimuli, and is thought to comprise three domain-specific 

subsystems: the visual word form subsystem, the auditory word form subsystem, and 

the structural description subsystem. 

 Evidence for the PRS comes from a number of sources: neuropsychological 

studies of brain injured patients showing dissociations of perceptual and semantic 

processing of stimuli; experimental dissociations in non-clinical samples between 

explicit memory and priming, such as when changes in type font of words from first 

to second presentation affect priming but not recognition or recall of the words; and 

neuroimaging studies in which priming has been associated with decreased neural 

activity at specific anatomical sites.  Although informative with respect to the theory, 

each of these methodologies has its own limitations, including difficulties in 

generalizing from single-case data in studies of brain damage, possible confounds of 

type of task with type of memory, and of priming with explicit memory effects in 

experimental studies (when behavioural data alone provide the basis for inference), 

and the lack of temporal resolution inherent in neuroimaging studies or what are 

considered short latency effects. 

 A procedure developed by Rugg et al. (1998) holds promise of overcoming a 

number of previous limitations of studies of priming and of providing a tool for 

examining the domain specific subsystems of the putative PRS that are thought to 
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underlie it.  Rugg et al. (1998) used event-related potentials (ERPs) to study the 

effects of priming and explicit memory in non-clinical samples, thereby addressing 

the limitations of single-case methodology, use of behavioural data alone, and the 

poor temporal resolution of neuroimaging methods. 

 In the next chapter, following a brief consideration of ERPs and their use in 

memory research, the experimental work of Rugg et al. (1998) is described, as is a 

background to the present research programme. 
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CHAPTER TWO: EVENT-RELATED POTENTIALS AND MEMORY 

Event-Related Potentials 

Event-related potentials (ERPs) are voltage fluctuations in the brain elicited by 

a stimulus.  ERPs are a useful method for studying rapidly changing cognitive 

processes (i.e., attention, memory), because electrical changes are averaged over very 

short temporal periods (i.e., in the range of milliseconds), whereas neuroimaging 

techniques (which depend on metabolic changes that accompany neural activity) 

average activity on a time scale of seconds or minutes.  However, ERPs in 

comparison to neuroimaging techniques provide less accurate spatial information 

(Rugg, 1998).   

There are three measurable aspects of an ERP waveform that together 

contribute to the unique temporal and spatial patterns elicited as neurophysiological 

responses: amplitude, latency, and scalp distribution.  The amplitude of positive and 

negative voltages emanating from the scalp is a summation of post-synaptic activity 

occurring in pyramidal cells in the cortex of the brain (Allison, Wood. & McCarthy, 

1986; for a review see Munte, Urbach, Duzel, & Kutas, 2000; Nelson & Monk, 2001).  

The latency of voltage fluctuations over a particular epoch reflects the time course of 

activity elicited by a particular event.  Reponses emanating from discrete regions of 

the scalp may indicate the distributions of various neural generators (i.e., 

topographical information) (Coles & Rugg, 1995).   

Rugg (1995) argued there are four advantages of using ERPs in memory 

research.  First, they provide a precise quantification of the time course of brain 

activity associated with cognitive processing.  Second, ERPs can demonstrate covert 

measures of processing in the absence of behavioural responding.  Third, different 

patterns of neural activity can be compared, which can help to determine whether 
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functionally distinct processes are being engaged.  Qualitatively different patterns 

(i.e., temporal and spatial differences) imply the workings of at least partially 

independent neural mechanisms (Allan, Wilding, & Rugg, 1998; Rugg & Coles, 

1995).  Finally, as knowledge of ERPs accumulates, researchers may be able to 

monitor on-line the neural activity underlying specific cognitive processes.   

ERPs can be recorded during the encoding or test phase of a memory 

experiment.  ERPs recorded during the encoding period of memory tasks allow the 

neural activity associated with later recollection (successful encoding) to be compared 

with activity associated with unsuccessful encoding (Friedman & Johnson, 2000; 

Rugg, 1995).  A common finding in memory tests using this procedure is that 

subsequently remembered items (successfully encoded) evoke more positive-going 

ERPs at the time of encoding (particularly 400 – 800 ms after stimulus onset), than 

items that are subsequently unrecognised or not recalled, i.e., unsuccessfully encoded 

(Friedman, 2000; Paller, 1990; Rugg, 1995).   

ERPs can be measured as well during the test phase of memory studies. A 

study/test paradigm is often used in which stimuli in the test phase are either stimuli 

presented in the study phase (‘old’ stimuli) or are stimuli not previously presented 

(‘new’ stimuli).  In the case of recognition tests, comparison of ERPs can be made 

between responses to old and to new stimuli and to stimuli misclassified as new (i.e., 

misses), and to stimuli misclassified as old stimuli (i.e., false recognition).  The 

effects of different encoding conditions on test words can also be measured. 

The ERP Old/New Effect 

 For approximately 20 years, the ERP old/new effect (or the ERP repetition 

effect as it is also referred to) has been found in studies where ERPs are recorded 

during tests of recognition memory (Herron, Quayle, & Rugg, 2003; for reviews, see 
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Donaldson, Allan, & Wilding, 2002; and Rugg & Allan, 2000a, b).  The effect is 

characterised by more positive amplitudes for correctly identified old words compared 

to correctly identified new words (Friedman, 1990; Rugg, 1987; Rugg & Nagy, 1989).  

An example of an ERP old/new effect is presented in Figure 2.  The increased 

positivity for old words typically commences approximately 400 ms post-stimulus 

and continues for approximately 400 to 500ms.  The effect is typically observed in 

posterior neural regions (i.e., parietal and temporal) of the left hemisphere (Herron, 

Quayle, & Rugg, 2003; Kayser, Fong, Tenke, & Bruder, 2003; Neville, Kutas, 

Chesney, & Schmidt, 1986; Rugg & Nagy, 1989).   

 Functionally, the ERP old/new effect is thought to reflect retrieval processes 

which enable the correct discrimination of old from new items in recognition memory 

tests (Paller & Kutas, 1992; Rugg & Nagy, 1989).   Increasingly it is associated with 

recollection (Duzel, Yonelinas, Mangun, Heinz, & Tulving, 1997; Paller & Kutas, 

1992, Smith, 1993).   

 Proponents of the dual-process theory of recognition assert that recognition 

can be fractionated into recollection and familiarity (Yonelinas, 2002).  Recollection 

is said to be evidenced when detailed contextual information can be reconstructed 

about the target, when accurate source judgements can be made about the target 

(Jacoby, 1991), or when a target is subjectively said to be remembered and not simply 

known (Gardiner & Java, 1993).  Conversely, familiarity is evidenced when there is a 

feeling or sense that a stimulus has been previously presented, but the sense of feeling 

is not accompanied by any contextual information about that experience (Jacoby, 

1991; Mandler, 1980; Yonelinas, 1999).  Evidence has accumulated to suggest the 

ERP old/new effect indexes recollection.    
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Figure 2.  An example of a typical ERP old/new effect that may be identified using a 

recognition memory experimental paradigm. 

 

 One source of evidence is that experimental manipulations known to modulate 

recollection performance similarly differentiate the ERP old/new effect (Kayser, 

Fong, Tenke, & Bruder, 2003).  These manipulations include the source judgement 

task, the LOP manipulation (Craik & Lockhart, 1972), and the remember/know 

paradigm (Tulving, 1985).  In the source judgement task and the LOP manipulation, 

recollection reflects retrieval of meaningful information related to the initial 

presentation context of the stimulus.  The Remember/Know paradigm dissociates the 

contributions of recollection and familiarity on the basis of how old/new judgements 

are made.  Stimuli determined to be old, on the basis of recollection of the prior study 
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context, reflect ‘remember’ judgements, whereas those determined to be old on the 

basis that stimuli are familiar in the absence of recollection, reflect ‘know’ 

judgements.  The ERP old/new effect is sensitive to context or source judgements.  In 

studies manipulating the sound of the speaker’s voice (Rugg, Schloerscheidt, & Mark, 

1998; Wilding & Rugg, 1996, 1997a), study modality (Wilding & Rugg, 1997b; 

Wilding, Doyle, & Rugg, 1995), and temporal source (Trott, Friedman, Ritter, & 

Fabiani, 1997), the ERP old/new effect has been shown to occur primarily when the 

context details in which a stimulus is initially presented are recollected at test, rather 

than forgotten.  So too, the ERP old/new effect has been found to be sensitive to a 

LOP manipulation.   Paller and Kutas (1992) found that words that were encoded 

using a deep study task were associated with a more positive ERP old/new effect than 

words that were encoded using a shallow study task.  In the ‘Remember/Know’ 

paradigm, words that are ‘remembered’ (i.e., recollection) result in the typical ERP 

old/new effect, whereas words that are simply ‘known’ (i.e., familiarity) either show a 

reduced effect (Smith, 1993) or no effect (Duzel, Yonelinas, Mangun, Heinz, & 

Tulving, 1997; Rugg, Schloerscheidt, & Mark, 1998).  

Subcomponents of the ERP Old/New Effect 

 In more recent years the ERP old/new effect has been decomposed into 

different spatio-temporal subcomponents (Friedman, 2000; Herron, Quayle, & Rugg, 

2003; Johansson & Mecklinger, 2003).  These subcomponents have been interpreted 

as reflecting different memory processes or systems that separately contribute to 

memory retrieval (Friedman, 2000; Rugg & Allan, 2000a).   Initially it was thought 

that the ERP old/new effect was associated only with recollection, but it is now 

thought to reflect different memory systems or processes.  Two factors have prompted 

this development.  First, the extended period of time across which the ERP old/new 
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effect appears has prompted speculation that there are different mnemonic 

contributors to the effect (Guillem et al., 2003).  The ERP old/new effect appears to 

last in some circumstances as long as one second, whereas most ERP components, 

associated with cognition typically occur over shorter intervals.   

 A second factor relates to the variability found in the ERP old/new effect.  

Despite there being a general consensus in the literature about the characteristics of 

the ERP old/new effect elicited in recollection tasks, in more recent studies, other 

types of memory tasks have elicited temporal and spatial differences in the ERP 

old/new effect.  Experimental manipulations known to elicit dissociations between 

different types of memory in behavioural experiments have been found to similarly 

provoke qualitative differences in the ERP old/new effect (Guillem et al., 2003).   

As previously stated, in ERP studies qualitative differences in temporal and spatial 

characteristics between two ERP components of interest (as distinct from quantitative 

differences), indicate the contribution of different mnemonic processes or systems.   

 Currently it appears that three different types of memory contribute to the ERP 

old/new effect: recollection, familiarity, and visual word-form priming.  One means of 

highlighting the different effects these types of memory have on the ERP old/new 

effect has been through dissociations observed as a result of experimental 

manipulations.  For example, familiarity and recollection estimates produced in 

paradigms such as the ‘Remember/Know’ procedure (Tulving, 1985), have been 

shown to elicit qualitatively different ERP old/new effects.  Typically, estimates of 

familiarity have been found to elicit an early ERP old/new effect at frontal sites, while 

as previously discussed, recollection typically elicits a later ERP old/new effect which 

is maximal at left posterior sites.   
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 Experimental manipulations (e.g., the LOP manipulation) known to dissociate 

visual word-form priming and recollection in behavioural studies, have been shown to 

produce two different ERP old/new effects, which are characterised by different 

qualitative properties.  In this way, a robust ERP old/new effect which appears to 

index visual word-form priming has been identified.  This correlate of priming is 

typically present at posterior electrode sites between approximately 200 and 500 ms 

post-stimulus.  Across this epoch, experimental manipulations known to affect visual 

word-form priming in behavioural tests have similarly been found to modulate the 

ERP old/new effect.   For example, the ERP old/new effect thought to index priming, 

is present when words are presented in visually similar ways at study and test (Doyle, 

Rugg, & Wells, 1996; Paller, Kutas, & McIsaac, 1998), and when the same modality 

is presented at study and test (Rugg & Neito-Vegas, 1998).   Further, it is not sensitive 

to the LOP manipulation (Fay, Pouthas, Ragot, & Isingrini, 2005; Rugg et al., 1998).  

For these reasons, it has been proposed that the ERP old/new effect can be separated 

into different subcomponents, and that each represents indices of different mnemonic 

functions.   

 The identification of subcomponents is made difficult by the confusion 

surrounding the labels given by different researchers to the three different 

subcomponents of the ERP old/new effect.  It is often difficult to determine if 

agreement exists among the labels different researchers give to effects with similar 

temporal and spatial characteristics.  However, in general it appears that the 

subcomponents of the ERP old/new effect are labelled in terms of non-mnemonic 

features, commonly evidenced in the ERP waveform (elicited in cognitive studies) 

(Kayser, Fong, Tenke, & Bruder, 2003).  These non-mnemonic features include a 

negative going wave appearing approximately 400 ms post-stimulus (termed the 
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N400, or N2), and a positive going wave appearing approximately 600 ms post-

stimulus (termed the P600 or P3).  The ERP old/new effect that indexes priming is 

superimposed upon the earlier N400 effect and as a result is commonly labelled the 

N400 old/new effect.  The ERP old/new effect that is believed to index familiarity is 

also superimposed upon the N400 effect at frontal electrode sites, and on this basis is 

termed the frontal N400 or the FN400 (Curran, 1999, 2000).  The ERP old/new effect 

indexing recollection is superimposed on the latter positive going wave, and on this 

basis is commonly labelled the P600-, the P3-, or the late positive component- (LPC) 

old/new effect.  As previously discussed, the ERP old/new effect indexing 

recollection is also commonly referred to as the parietal- or left parietal old/new 

effect, which refers to the electrode positions at which the ERP old/new effect 

indexing recollection generally is observed.  In this thesis the ERP old/new effects 

indexing priming, recollection, and familiarity will be termed: the N400 old/new 

effect, the LPC old/new effect, and the FN400 old/new effect, respectively. 

 In summary, ERP studies of memory have consistently identified ERP 

old/new effects.  In recent years three different subcomponents of this effect have 

been identified: the LPC old/new effect that appears to relate to recollection; a N400 

old/new effect that subserves visual word-form priming; and an FN400 old/new effect 

that appears to relate to familiarity (Windmann, Urbach, & Kutas, 2002).  Of these 

components, the LPC old/new effect has been most robustly identified in ERP studies, 

although recently, Pickering and Shweinberger (2003) asserted that the “N400 

old/new effect is probably the best known ERP that is sensitive to priming” (p1299).  

Different experimental manipulations known previously to separate behavioural 

indices have been found to separate ERP subcomponents in a similar way, and upon 

this basis the functional significance of ERP old/new effects has been identified.  
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Therefore the ERP old/new effect has become a means for identifying qualitatively 

different patterns of electrophysiological activity in studies of memory which, 

functionally, may reflect the workings of independent memory systems.   

Dissociation of the Neural Correlates of Visual Word-form priming and Explicit 

Memory 

 Since its appearance in the journal Nature, an article by Rugg et al. (1998), 

titled “Dissociation of the neural correlates of implicit and explicit memory”, has been 

cited more than 165 times, mainly in the literature bearing on memory and ERPs.  

Rugg et al. (1998) using ERPs, were the first to dissociate the visual word form 

subsystem (i.e., implicit memory) from explicit memory using methods that 

concurrently tested both types of memory, and minimised explicit memory retrieval 

strategies in the implicit memory condition.  Rugg et al. (1998) achieved this by 

identifying qualitatively different ERP old/new effects associated with visual word-

form priming and recollection memory.   

 The method of Rugg et al. (1998) included two tests: a word-recognition test 

and a priming task named the semantic-judgement task.  Both tests were a study/test 

memory design.  The study period of both tests included a LOP manipulation, which 

was the same for both tests.  The deep task was to generate a sentence using the target 

word, and the shallow task was to determine if the first and last letter of the target 

word was in alphabetical order.  The recognition test is an explicit memory test so 

participants were told prior to the study period they were completing a memory task, 

whereas the priming task is an implicit memory test and participants were not told the 

true nature of the task.  Across both experiments ERPs were recorded during the test 

period. 
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 In the word-recognition test, participants were initially presented with words 

to learn (using either the deep or shallow encoding task), and retention of these study 

items was tested using a recognition test.  This LOP manipulation elicited 4 

experimental response conditions: the deep recognised condition, the shallow 

recognised condition, the shallow unrecognised condition, and the new condition.  

The deep recognised and shallow recognised conditions were studied words, encoded 

using the deep or shallow encoding task that were correctly classified as old.  The 

shallow unrecognised condition referred to words studied using the shallow encoding 

task that were subsequently misclassified as new.  The new condition referred to non-

repeated words that were correctly classified as new.  The electrophysiological 

properties associated with each condition were compared across the N400 and LPC 

temporal windows and three qualitatively different patterns emerged.  These included: 

a N400 old/new effect, believed to subserve priming of visually presented words; a 

LPC old/new effect, subserving recollection; and a FN400 old/new effect, believed to 

be involved in familiarity. 

 First, a priming effect (N400 old/new effect) was observed between 300 and 

500 ms post-stimulus at parietal electrode sites.  Across this epoch, amplitudes 

associated with all of the old word conditions were more positive relative to the new 

word condition.  Two features of this effect indicated that it subserved priming.   The 

first is that the effect did not depend on accurate recognition which is supported by 

the observation that forgotten words (i.e., those in the shallow unrecognised 

condition) were more positive-going than new words.  The second observation that 

elucidated the functional significance of the N400 effect was that the LOP 

manipulation did not influence old word conditions.  This is evidenced as the 

magnitude of the difference between the old and new word types (i.e., shallow 
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recognised/new, shallow unrecognised/new) was equivalent across this temporal 

period.  In behavioural studies, priming is typically found to be less sensitive to 

semantic aspects of stimuli than explicit memory.   

 These two features imply that a priming function is associated with the N400 

old/new effect as they converge with the conclusions neuropsychological and 

behavioural studies have identified concerning priming: that it occurs in a non-

conscious and non-semantic way. 

 Importantly, across this early temporal period, the magnitude of the difference 

between forgotten words (i.e., shallow unrecognised condition) and new words, was 

equivalent to the magnitude of difference between remembered words and new words.  

If the N400 old/new effect indexed weak explicit memory (rather than priming), one 

would expect that a greater difference would exist between recognised and new words 

compared to unrecognised and new words.  Rugg et al.’s (1998) priming effect is 

displayed in Figure 3.   

  

 

Figure 3.  Results reported by Rugg et al. (1998, p. 595): ERP amplitudes elicited by 

the shallow recognised (Rec), shallow unrecognised (Unrec), and the new words at 

the left and right frontal (F3, F4) and parietal (P3, P4) electrode sites. 
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 A second effect identified by Rugg et al. (1998), was an explicit memory 

effect (LPC old/new effect) maximal at the left parietal site between 500 and 800 ms 

post-stimulus.  At this position, recognised words previously studied using the deep 

encoding condition were associated with more positive amplitudes relative to other 

experimental conditions.  Rugg et al. (1998) proposed that this effect subserved 

explicit memory (and more specifically recollection), because old word conditions 

were influenced by the LOP manipulation in an expected way: the deep recognised 

condition was associated with more positive amplitudes relative to other experimental 

conditions.  In behavioural studies, words studied using deeper processing generally 

elicit better recollection than words studied using perceptual processes (Craik & 

Lockhart, 1972; Jacoby & Dallas, 1981).   The behavioural outcomes of Rugg et al.’s 

(1998) word-recognition test confirmed this proposition because significantly more 

words were remembered using the deep study task relative to the shallow task.  Rugg 

et al.’s (1998) explicit memory effect is displayed in Figure 4. 

 

  

Figure 4.  Results reported by Rugg et al. (1998, p. 595): ERP amplitudes elicited by 

the deep recognised (Deep), shallow recognised (Shallow), and the new words at the 

left and right frontal (F3, F4) and parietal (P3, P4) electrode sites. 
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 On the basis of the qualitative differences that existed between the N400 and 

the LPC old/new effects, Rugg et al. (1998) asserted that a dissociation between the 

neural populations that subserved priming and explicit memory was identified. 

 Rugg et al. (1998) identified a third ERP old/new effect, the 

electrophysiological characteristics of which point to it being a correlate of 

familiarity, and an example of an FN400 old/new effect.  Between 300 and 500 ms 

post-stimulus, recognised words (independent of study condition) elicited a more 

positive going wave at frontal sites relative to shallow unrecognised and new words.  

Rugg et al.’s (1998) familiarity effect is displayed in Figure 3.  On the basis that 

familiarity is a type of recognition memory and is relatively insensitive to the LOP 

manipulation (Gardiner, Java, & Richardson-Klavehn, 1996), Rugg et al. (1998) 

tentatively proposed that this ERP pattern was a correlate of item familiarity.  

However, Rugg and Allan (2000b) have since questioned this interpretation as some 

speculation exists concerning whether the LOP manipulation dissociates recollection 

and familiarity (Toth, 1996; Yonelinas, Kroll, Dobbins, & Lazzara, 1998). 

 The methods used by Rugg et al. (1998) to dissociate visual word-form 

priming and explicit memory have three advantages (Rugg & Allen, 2000b).  First, an 

important characteristic of priming and implicit memory generally is that it occurs 

without awareness on the part of the participant that memory is being tested.  ERPs 

provide a means to examine the neural changes that accompany this unconscious 

process.  Second, the neural correlates of visual word-form priming and explicit 

memory were tested concurrently in the method of Rugg et al. (1998).  Prior to their 

work, most studies identifying neural dissociations between implicit and explicit 

memory have contrasted findings from separate implicit and explicit tests, resulting in 

critics questioning whether dissociations simply reflect differences in task constraints 
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(Henson, 2003).  Third, both advantages minimise the problem of explicit memory 

‘contamination’.  These advantages of their method warrant the conclusion Rugg et al. 

(1998) reached, viz. that when “task and memory contamination are eliminated, the 

neural correlates of explicit and implicit memory differ qualitatively” (Rugg et al., 

1998, p. 595).  Rugg et al. (1998) claimed that these results represent the first time 

these memory types have been dissociated when tested concurrently, and when the 

threat of intentional and unintentional retrieval strategies confounding priming effects 

have been minimised.  Because Rugg et al.’s (1998) results were elicited using such 

an ideal method, these outcomes represent convincing evidence that visual word 

priming and recollection are subserved by independent memory systems.   

 A limitation of the method used by Rugg et al. (1998) was that although an 

electrophysiological correlate of visual word-form priming was identified via the 

word-recognition test, a corresponding behavioural measure of visual word-form 

priming was not gained using this test.  To strengthen the assertion that the N400 

old/new effect evidenced in the recognition test was a correlate of priming, Rugg et al. 

(1998) used the semantic-judgement priming task to gain a behavioural and 

electrophysiological priming effect against which the former priming effect could be 

compared.  In this task, participants at test are shown old and new words and judge 

whether words are animate or inanimate objects.  Rugg et al. (1998) identified a 

behavioural index of priming as old words were more quickly categorised than new 

words.  The priming effect elicited by the semantic-judgement test was consistent 

with the N400 old/new effect identified in the word-recognition test, as old words 

relative to new words, elicited more positive amplitudes between 300 and 600 ms 

post-stimulus at bilateral parietal sites.  These outcomes are displayed in Figure 5.  

Neither the behavioural nor electrophysiological results were influenced by the LOP 
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manipulation, which provides evidence that the N400 old/new effect elicited by the 

semantic-judgement task subserved priming.  As a result, the outcomes of the 

semantic-judgement test corroborate the proposition that the N400 old/new effect 

identified in the word-recognition test was an index of the visual word form 

subsystem. 

 

 

 

 

 

 

 

 

Figure 5.  Results reported by Rugg et al. (1998, p. 597): ERP amplitudes elicited by 

the deep, shallow and the new words at the left and right frontal (F3, F4), and parietal 

(P3, P4) electrode sites. 

 

Partial Replications of Rugg et al. (1998) 

 Two recent studies have extended the experimental procedures used by Rugg 

et al. (1998) but have failed to generalise Rugg et al.’s results.  Rugg, Allan, and 

Birch (2000) modified Rugg et al.’s (1998) design so that the deep and shallow study 

tasks were presented in a blocked format, that is, the retentions of words studied in the 

shallow and deep study conditions was tested separately.  Each study block was 

followed by a word-recognition test.  In comparison, Rugg et al. (1998) tested the 

retention of both study conditions using one test.   Rugg et al. (2000) found that a 
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priming effect (i.e., N400 old/new effect) was not present for old words in the shallow 

blocked design condition, as amplitudes associated with words in the shallow 

unrecognised condition were equivalent to the amplitudes associated with new words.  

However, the effect was present for old words in the deep blocked design condition.  

An explanation for this outcome was that the separate recognition tests may have 

elicited different task constraints which consequently caused different retrieval 

strategies to be used (Rugg et al., 2000).  Consistent with this proposition, Rugg et al. 

(2000) found that more positive amplitudes were associated with new words in the 

shallow blocked design condition, relative to the deep, block design condition.  Rugg 

et al. (2000) proposed that the greater positivity associated with new words in the 

shallow blocked design condition may reflect the more complex demands associated 

with the shallow task, and possibly the increased demand on working memory 

(Ranganath & Paller, 1999). 

 Henson, Hornberger, and Rugg (2005) attempted to replicate Rugg et al.’s 

(1998) paradigm using fMRI as a means of identifying mnemonic correlates rather 

than ERPs.  The use of fMRI elicited a recollection and familiarity effect, but a visual 

word priming effect (i.e., as indexed by repetition suppression) was not present at 

regions thought to mediate perceptual priming (i.e., occipital and temporal regions).  

Henson et al. offered a number of suggestions for the absence of a priming effect 

(Henson et al., 2005).  The first was lack of power in the experimental design.  The 

second, that it could be there was no difference in the fluidity with which words in the 

shallow unrecognised and new conditions were processed.  As there was no 

behavioural measure of priming it is difficult to detect this.  A third explanation 

questioned the hypothesis that repetition-suppression effects were an index of priming 

in fMRI studies, arguing that they may in fact be an indicator of explicit memory.   
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Finally, it was also tentatively proposed that the explicit nature of the task (i.e., a 

recognition test) may elicit episodic retrieval processes that ‘swamp’ the repetition- 

suppression effect associated with priming.  An associated explanation (possibly 

related to power) is that the transient nature of the priming effect elicited by Rugg et 

al.’s (1998) paradigm (approximately 200ms) is a phenomenon unable to be 

adequately ‘captured’ by current functional haemodynamic imaging (Rugg, 1998).  

 Although the findings from Rugg et al.’s (1998) experiment have not been 

replicated in the published literature, Boehm, Sommer and Lueschow (2005) recently 

reported results similar to those of Rugg et al. (1998) using a different task (a 

modified Sternberg task).  In their study N400 and LPC old /new effects were 

identified that were believed to index visual word-form priming and explicit memory 

respectively.  As with Rugg et al. (1998), visual word priming and explicit memory 

tasks in Boehm et al.’s study were concurrent, and a LOP manipulation was not found 

to modulate the priming effect.  To overcome a perceived limitation of Rugg et al.’s 

(1998) method, Boehm et al. ensured that all experimental conditions of the priming 

task represented correct responses.  Boehm et al. argued that the differences identified 

between neural correlates of explicit memory and word-form priming in Rugg et al.’s 

(1998) study may be an artefact of correct and incorrect responses rather than 

operational differences in mnemonic systems.  However, as Boehm et al.’s results 

were consistent with the outcomes of Rugg et al. (1998) it would appear that Rugg et 

al.’s (1998) outcomes were not confounded by the different responses.  Boehm et al.’s 

results provide evidence to support Rugg et al.’s (1998) outcomes. 
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Current Research Related to the ERP Old/New Effect 

ERP Old/New Effect: Subcomponents 

 Since Rugg et al.’s (1998) research, other studies have validated the existence 

of the ERP old/new effect, and the presence of different mnemonic subcomponents 

within it.  Various experimental manipulations and clinical groups have been used to 

identify dissociations between these different forms or processes of memory.  These 

include dissociations between familiarity and recollection (Curran, 2000; Curran & 

Cleary, 2003; Cycowicz, Friedman, & Snodgrass, 2001; Duzel, Vargha-Khadem, 

Heinze, & Mishkin, 2001; Johansson, Stenberg, Lindgren, & Rosen, 2002), 

recognition and implicit memory (Boehm, Sommer, & Lueschow; 2005; Guillem, 

Bicu, & Debruille, 2001; Guillem et al., 2003; Paller, Hutson, Miller, & Boehm, 

2003; Schendan & Kutas, 2003), implicit memory and familiarity (Curran & Dien, 

2003), and habit and recollection (Hay, Kane, West, & Alain, 2002).   

ERP Old/New Effect: Different Modalities 

 Further, research subsequent to Rugg et al. (1998) has provided evidence to 

suggest the LPC old/new effect (reflecting recollection) can be generalised across 

different modes of stimuli.  For example the LPC old/new effect has been identified 

using pictures (Curran & Cleary, 2003), objects (Cycowicz, Friedman, & Snodgrass, 

2001; Penney, Mecklinger, & Nessler, 2001; Schendan & Kutas, 2003), faces 

(Boehm, Sommer, & Lueschow, 2005; Guillem, Bicu, & Debruille, 2001; Henson, et 

al., 2003), auditory words (Gonsalves & Paller, 2000; Kayser, Fong, Tenke, & 

Bruder, 2003), and environmental sounds (Cycowicz & Friedman, 1999).  Despite the 

existence of some temporo-spatial differences in the LPC old/new effect identified 

across different modes, in general this effect is a robust mnemonic phenomenon 

typically elicited in electrophysiological studies employing recognition memory tests.   
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 Although the LPC old/new effect has been consistently identified across 

modes, the N400 old/new effect has currently only been established as an index of 

visual word priming.  It appears that priming of visual objects and auditory words 

using ERPs has not yet become the subject of systematic investigations.  This is 

highlighted by recent reviews of ERPs and memory which have presented evidence 

that indicates an association exists between the N400 old/new effect and visual word-

form priming, yet not presented evidence proposing the effect is also an index of 

either object or auditory word-form priming (Paller, 2001; Rugg & Allan, 2000a; 

2000b).  In terms of the PRS theory, which asserts that three different perceptual 

domains with similar rules of operations subserve priming, one would expect that the 

N400 old/new effect is a phenomenon that similarly indexes visual and auditory word 

and object priming. 

ERP Old/New Effect: Non-Mnemonic Components 

 Another area of research concerning the ERP old/new effect which has 

advanced in recent years is the study of associative cognitive processes that may 

contribute to the mnemonic functions of the effect.  This has been directed to 

determining the relative mnemonic ‘purity’ of the ERP old/new effect.  For example, 

Herron, Quayle, and Rugg (2003) found that the left parietal old/new effect (i.e., LPC 

old/new effect) was not influenced by the probability of stimulus occurrence (using 

three different ratios of old to new items: 25:75, 50:50 and 75:25).  They proposed 

that this subcomponent for recollection was a ‘pure’ mnemonic effect.  However 

Rugg et al. (2000) (previously reported in this chapter) found that the type of retrieval 

strategy used at test does contribute to the outcome of the ERP old/new effect.   
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 Additional Subcomponents of the ERP Old/New Effect 

 More recently, additional subcomponents of the ERP old/new effect have been 

identified.  One of these is a later effect which typically appears approximately 600 

ms post-stimulus at the right frontal scalp and has a sustained time course, often 

lasting until the end of the recording epoch.  It appears to be associated with more 

than one process, such as action monitoring and the retrieval of attribute conjunctions 

(Johansson & Mecklinger, 2003).  It often coincides with a late negativity, 

commencing approximately 800 – 900 ms post-stimulus, in posterior sites, and is 

characterised by old words being more negative than new words (Johansson & 

Mecklinger, 2003).    

Summary of Research and Gaps in the Literature  

 Methods incorporating ERP techniques have enabled direct measurement of 

neural mechanisms subserving different kinds of memory (Schacter, Wagner, & 

Buckner, 1998).  The outcomes of Rugg et al. (1998) have been used to validate the 

ERP old/new effect in studies of memory, to further identify the functional 

significance of the different subcomponents of the ERP old/new effect, and to identify 

non-mnemonic processes that contribute to the ERP old/new effect.  But the most 

significant implication of Rugg et al.’s (1998) results is the dissociation of visual 

word-form priming (a type of implicit memory) and explicit memory, using methods 

that Henson (2003) suggested were an ideal means of measuring these forms of 

memory.  No previous study had achieved this outcome using a similar method that 

concurrently tested both memory types and minimised explicit memory retrieval in 

the implicit memory condition.  On this basis, Rugg et al.’s (1998) study provides 

convincing evidence concerning the existence of multiple memory systems.  
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 The outcomes of Rugg et al. (1998) also provided evidence that elucidates the 

function, properties and relations of the visual word form subsystem.  For example, a 

correlate of implicit memory was identified that operates independently of 

recollection, processing the perceptual features of stimuli in an unconscious manner.  

These results converge with the conclusions of prior neuropsychological, 

neurocognitive, and neuroimaging studies to support the existence of the visual word 

form subsystem of the PRS, and MMS theory.   

 A final contribution of Rugg et al. (1998) was that the subcomponents of the 

ERP old/new effect identified in their study were qualitatively similar to those 

previously identified in the literature.  For example, a LPC old/new effect was 

identified at the left parietal electrode site, which indexed recollection.  Further, a 

N400 old/new effect was identified which indexed visual word-form priming.  On this 

basis, Rugg et al’s (1998) results add support not only to the existence of multiple 

subcomponents within the ERP old/new effect but also to the functional significance 

of these effects.   

 It is surprising, given the implications of the study by Rugg et al. (1998), that a 

replication has not been reported.  Without replication, the reliability of the findings 

of Rugg et al. (1998) remains untested.  (At the time of writing there is a report 

[Henson, Hornberger, & Rugg, 2005] that there is an independent replication in press 

[Friedman in press]).  The findings and methods of this study cannot be evaluated).  A 

successful replication would not only provide an independent validation of their 

findings but provide a means for studying other domains of the PRS responsible for 

object and auditory word priming.  Such an extension would provide evidence of the 

independence of explicit memory from the structural description subsystem and the 

auditory word form subsystem of the PRS.  Because the method of Rugg et al. (1998) 
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limits the confounding by explicit memory retrieval strategies, the results of such an 

extension would provide convincing evidence to support the existence of the PRS.  

Further, the inclusion of objects and auditory words in Rugg et al.’s (1998) 

methodology would further elucidate the functions, properties, and relations of the 

structural description system and the auditory word form subsystem.   

Extending the methods of Rugg et al. (1998) in the way proposed would 

provide a means of determining whether object and auditory word priming elicit a 

posterior N400 old/new effect that is qualitatively similar to the N400 effect elicited 

by visual word-form priming.  Research to date has not consistently compared and 

explored electrophysiological differences (or similarities) between the three modes of 

priming.  Schacter (1994) proposed that, although the three modes of priming are 

integrated at a general PRS locus, they each are subserved by unique loci.  The 

validity of this assertion is best tested when similar methods are used across domains 

of the PRS.  If Schacter’s proposal is correct, then one might expect that different 

types of priming may elicit an ERP old/new effect with similar temporal and 

amplitude qualities (indicating similar processes), but priming effects may differ in 

the neural regions in which they occur.  Although it is currently unknown whether 

object and auditory word priming will elicit a N400 old/new effect similar to that 

shown by visual word priming, as pointed out earlier, it is currently known that the 

LPC old/new effect is present for objects, and auditory and visual words.   

Summary of Chapter 2 

 ERPs are voltage fluctuations recorded from the surface of the scalp in 

response to a stimulus.  They vary in amplitude, latency, and scalp distribution, and 

are thought to provide useful information about rapidly changing cognitive processes.  

Studies of recognition memory, in which the participant must decide whether stimuli 
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have been presented previously (old stimuli) or are presented for the first time (new 

stimuli), show systematic ERPs.  The most frequently reported is a larger positive 

going voltage to correctly identified old, compared to new words, and typically 

onsetting approximately 400 to 500 ms after stimulus presentation and in the left 

posterior regions of the scalp.  The ERP old/new effect, as it is termed, has been 

shown to include a number of spatio-temporal subcomponents, notably the LPC (late 

positive component), an early frontal N400 component, and a posterior N400 

component.  These have been linked respectively to the cognitive processes of 

recollection, familiarity, and priming.  

 Rugg et al. (1998) using a LOP manipulation reported a dissociation of the 

LPC and the N400 subcomponents that they attributed to differences in implicit and 

explicit memory.  Old words in their study, irrespective of whether they were 

correctly recognised and whether they were processed at a deep or shallow level, 

elicited greater positivity than new words at bilateral parietal sites 300 to 500 ms post-

stimulus (the N400 subcomponent).  By contrast, words that were recognised and that 

had been processed at a deep level of processing showed greater positivity at the left 

parietal site between 500 to 800 ms post-stimulus, than words unrecognised or words 

processed at a shallow level (a LPC component).  Rugg et al. (1998) reasoned that the 

difference in the experimental conditions under which the N400 and LPC 

subcomponents were demonstrated pointed to a role for the N400 in implicit memory 

(priming) and for the LPC in explicit memory. 

 The method adopted by Rugg et al. (1998) provides a powerful demonstration 

of differences between implicit and explicit memory because the two types of 

memory are tested concurrently rather than using different tasks and in a way that 

minimises the possible confounding of implicit by explicit memory.  As such it 
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provides a potentially sensitive tool for studying the properties of the PRS postulated 

by Tulving and Schacter as underlying priming.  It should be possible, using the 

method of Rugg et al. (1998), to vary features of the stimulus in line with the three 

domains of the PRS and examine similarities and differences in ERP effects.  To date, 

however, there have not been any replications of the findings of Rugg et al. (1998) 

reported in the literature and no attempts to use stimuli in domains other than the 

visual.  The purpose of the present programme of studies was to attempt to close this 

gap in the literature. 

 Studies 1a, 1b, and 2 reported in Chapter 3 were directed to replicating the 

findings of Rugg et al. (1998) using highly similar procedures.  The substantial 

success of these studies made possible an extension of the experimental work to the 

study of objects as stimuli (Studies 3a and 3b reported in Chapter 4) and to words 

presented aurally (Studies 4a and 4b in Chapter 5).  Thus the three subsystems of the 

PRS were examined using theoretically appropriate stimuli.  The findings of the 

research programme are brought together in Chapter 6. 
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CHAPTER THREE: THE VISUAL WORD FORM SUBSYSTEM 

Study 1a 

Rugg et al. (1998) identified neural correlates for priming (i.e., the visual word 

form subsystem of the PRS) and explicit memory, while holding task conditions 

constant and using a procedure that ensured that the neural correlates of priming were 

not ‘contaminated’ by explicit memory.  Therefore, it is proposed that this method 

may be a useful means of further exploring the independence of the PRS subsystems 

(from the episodic memory system), and identifying correlates for the two other PRS 

subsystems: the structural description subsystem, and the auditory word form 

subsystem.   

Currently there are no reports in the literature of Rugg et al.’s (1998) study 

being replicated.  Replication would provide evidence that Rugg et al.’s (1998) 

methodology is a reliable means of dissociating visual word-form priming and 

explicit memory, a finding that is consistent with the constructs of the MMS theory.   

Further, a successful replication of Rugg et al. (1998) would provide converging 

evidence concerning the electrophysiological and behavioural properties of the visual 

word form subsystem of the PRS.  On this basis the aim of Study 1a was to replicate 

Rugg et al.’s (1998) findings.   

As previously discussed, Rugg et al. (1998) used a study/test paradigm.  A 

LOP manipulation was used during the study period, and a recognition test followed.  

ERPs were recorded during the test period.  This experimental paradigm elicited two 

qualitatively different ERP old/new effects (of interest to this research programme): 

the N400 old/new effect which was considered to index priming, and the LPC 

old/new effect, which was considered to index recollection.  Study 1a involves the 

replication of this procedure.   
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One change made to Rugg et al.’s (1998) methodology was that, in the current 

study, participants were not told prior to the study task that a recognition test would 

follow.  This change was made in an attempt to reduce participants using semantic 

encoding strategies in the perceptual encoding condition, something they may 

intentionally or unintentionally do to improve subsequent word recognition.  Ideally, 

Rugg et al.’s (1998) method requires a similar number of trials in the shallow 

recognised and shallow unrecognised conditions.  If too many of the words (encoded 

using the shallow task) are recognised, resulting in an increased number of trials in 

the shallow recognised condition, then the reciprocal effect is that there are fewer 

trials in the shallow unrecognised condition.  Where the number of trials falls below a 

critical level, poor signal-to-noise ratio exists (Friedman & Johnson, 2000), and thus it 

was important to facilitate relatively equivalent numbers of trials in each of the 

shallow conditions.   

A further change implemented in each of the studies of this thesis was that six 

electrode sites, rather than four sites (as used by Rugg et al., 1998) were used in the 

analysis.  Rugg et al. (1998) incorporated the left and right frontal and parietal sites 

into their analysis, and the design of the current thesis extends this to include the left 

and right central sites.  The inclusion of these extra sites provided a means of 

identifying ERP components of interest (viz, N400 and LPC old/new effects) across 

central sites.  The PRS theory suggests that although each mode of priming is 

integrated into a superordinate neural circuitry, therefore eliciting the same rules of 

operation, each mode may be influenced and modulated by unique neural generators 

that may be specific to the type of information that mode processes  (Schacter & 

Tulving, 1994).  Increasing the sites of analysis assists in identifying novel 

characteristics of each of the modes.   
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 The hypotheses set for testing in Study 1a were the following.  The 

behavioural data elicited by the word-recognition test would show that more of the 

words studied in the deep encoding condition would be recognised, relative to words 

studied in the shallow encoding condition.  The following hypotheses were related to 

the electrophysiological analyses.  First, a N400 old/new effect (indexing the visual 

word form subsystem) would be evident bilaterally across the parietal electrode sites.  

This effect would be present independent of recognition accuracy, and not sensitive to 

the LOP manipulation.  That is, amplitudes associated with words in the shallow 

recognised and shallow unrecognised conditions would not differ but would be more 

positive than those associated with words in the new condition.  Further, the 

magnitude of difference between the old and new word types would be equivalent. 

Second, a LPC old/new effect (indexing recollection) would be maximal at the left 

centro-parietal electrode sites.  This effect would be sensitive to the LOP 

manipulation.  That is, amplitudes associated with words in the deep recognised 

condition would be more positive than those associated with words in the shallow 

recognised and new conditions. 

Method 

Participants 

Twenty-one participants were recruited from Griffith University, School of 

Psychology first year subject pool and received course credit for their participation.  

Participants had a mean age of 22.71 years (SD = 8.53); 18 were female.  All 

participants were right handed, had English as their first language, and reported not 

having a brain injury.  The research protocol for Study 1a, including the recruitment 

of participants, had Griffith University Human Research Ethics Committee approval 

(protocol number: PSY/07/02r/hec) which implements the National Statement on 
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Ethical Conduct in Research Involving Humans, as released by the National Health 

and Medical Research Council.  In accordance with this ethical approval, each 

participant gave written informed consent prior to testing.   

Task and Materials 

 The study employed a word-recognition test, using a study/test paradigm.  

Words were presented during a study period, followed by a recognition test in which 

study words (old words) plus new words were shown, and participants attempted to 

recognise old words.  A LOP manipulation was used at study, with half of the study 

words being used in a perceptual or ‘shallow’ task, and half in a semantic or ‘deep’ 

task.  The perceptual task (termed here the X task) was to determine whether the first 

and last letter of a word were in alphabetical order.  Possible responses were ‘yes’, 

‘no’ or ‘same’.  The semantic task (termed here the O task) required the participant to 

incorporate a word into a meaningful sentence and report the sentence aloud.   

 A group of 102 words were randomly drawn from a pool of 340 nouns used by 

Rugg et al. (1998).  This list was divdided into three lists of 34 words (consistent with 

Rugg et al., 1998), with lists being matched for word length and frequency count 

(Kucera & Francis, 1967).  Mean word length per group was 5.71 (SD = 1.27), 5.68 

(SD = 1.20), and 5.74 (SD = 1.29) letters, and mean frequency was 13.12 (SD = 

31.95), 8.03 (SD = 9.38), and 6.09 (SD = 7.61) counts per million.  The word lists 

were counterbalanced so that each word appeared equally often in the deep, shallow, 

and new conditions.  As a result, three separate study/test lists were used, and these 

were rotated across participants.  Shallow and deep words were randomly interspersed 

during the study and test.  Four fillers were used in the study task, and ten in the test.  

Fillers were presented at the beginning and end of lists.  Fillers at the beginning of 

lists were used to further acquaint participants with the task and reduce primacy 
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effects, and fillers at the end of the lists were used to reduce recency effects.  Seventy-

two words were presented at study, and 112 words at test. 

 Words were shown centrally on a computer screen, in black letters on a white 

background.  The maximum visual angle subtended was 3° horizontally and 0.5° 

vertically. At study, each trial began with the presentation of the pre-item cue, (either 

an X or O character), for 1000 ms.  This cue indicated to the participant which study 

task to complete.  A word followed for 600 ms, and then finally a question mark for 

10 s during which the participant responded verbally to the task.  The total time of 

each study trial was 11.6 seconds.  At test, a fixation asterisk was presented for 2100 

ms, followed by a blank screen for 100 ms, a word for 300 ms, and then a question 

mark for 2800 ms, during which the participant responded by pressing either a ‘yes’ 

or ‘no’ marked key on a keyboard1.  Participants used their left and right index fingers 

to respond.  The positions of the ‘yes’ and ‘no’ keys were counterbalanced across 

participants.  The total time of each test trial was 5300 ms.  Words and symbols were 

presented in a bold, Arial type-font, and were set at a 48-point font size (where the 

screen resolution is 1024 x 768 pixels).   

 Participants were tested in an electrically shielded room.  An intercom was 

used to listen to the participant’s responses to the study task and responses were 

marked onto a checklist.  Only trials where the participant used the correct study task 

were used in the subsequent analysis.  Figure 6 schematically illustrates the 

methodology used at study and test. 

 

 
                                                 
1 A PC read keyboard (PS/2) was used to collect test old/new responses.  Reaction times were 
incidentally collected during this experiment but were not used in the later analysis as keyboards 
(without modification) provide inaccurate latency estimates.  This is due to the random amount of lag 
that exists between the mechanical keystroke and the software based key detection.  This delay is 
largely related to keyboard buffering processes (Segalowitz & Grave, 1990).   
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Figure 6.  Diagrammatical view of study and test research methodology. 
 
 
Procedure 

 On arrival at the EEG laboratory participants were given an informed consent 

package2.  This included an information sheet, which highlighted the general aim of 

the experiment and described the task and EEG procedure, and a consent pro forma 

(see Appendix A).  A medical history pro forma was also completed which required 

participants to nominate if they had a neurological condition or a prior brain injury 

(see Appendix B).   

 Once the electrode cap was fitted, the participant entered the shielded room 

and completed the study task, followed by the recognition test.  An interval of 

approximately 5 m separated both activities.  Experiment instruction manuals were 

given to participants to read prior to the study task (see Appendix C) and the 

recognition test (see Appendix D).  A block of five practice trials preceded the study 

                                                 
2 As per the requirements of the Griffith University Human Research Ethics Committee 
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task and six practice trials preceded the test.  During the test EEG was recorded.  

Participants were instructed to remain as still and relaxed as possible and maintain 

fixation on the centre of the computer screen.  Further, participants were instructed to 

blink and move only when the asterisk appeared on the screen.   

EEG Recording     

 Scalp EEG was recorded from 19 tin electrodes embedded in an elastic cap.  

Electrode locations corresponded to the following sites of the International 10-20 

electrode placement system (Jasper, 1958): FP1, FP2, F3, F4, F7, F8, Fz, C3, C4, Cz, 

P3, P4, Pz, T3, T4, T5, T6, O1, O2.  Separate tin electrodes were placed on the left 

and right mastoid processes.  Recordings were made with respect to the left mastoid 

process, and were re-referenced offline in respect to the computerised average of both 

mastoid processes.  EOG was recorded using electrodes placed above the supra-

orbital ridge of the right eye, and adjacent to the outer canthus of the left eye.  

Electrode impedance was reduced to below 10kOhms.  A Neuroscan SynAmps 
TM 

amplifier was used for signal acquisition.  EEG was recorded continuously, digitized 

at a sampling rate of 500 Hz and on-line filtered using a bandpass of 0.15 and 40 Hz.  

Continuous EEG data were later divided into epochs beginning 100 ms pre-stimulus 

and ending 1000 ms post-stimulus.  These epochs were baseline corrected using the 

pre-stimulus period and off-line filtered using a bandwidth of 0.15 and 30 Hz.  

Occular artifacts were corrected from trials using an artifact reduction function 

included in the Neuroscan Edit 4.13 software package.  This algorithm employs a 

regression analysis in combination with artifact averaging (Semlitsch, Anderer, 

Schuster, & Presslich, 1986).  Trials on which baseline to peak EOG amplitude 

exceeded 100 μV, baseline-to-peak drift exceeded 60 μV, or saturation of the A/D 
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converters occurred, were excluded from averaging.  Data were discarded if there 

were fewer than ten artifact-free trials in any of the conditions (Finnigan et al., 2002).   

Results 

Analysis Strategy 

In this thesis, within-subjects ANOVAs were used to determine differences 

between experimental conditions.  The majority of analyses were directed by a priori 

hypotheses, although some analyses were exploratory or post hoc in nature.  The 

investigative processes used to isolate significant main effects and interactions 

resulting from an omnibus ANOVA were different for the post hoc and a priori 

directed analyses.  This difference is diagrammatically displayed in Appendix E. 

 Two factors impact the means by which significant effects are identified: the 

type of hypothesis that directs analyses, and the threat of family-wise (Type 1) error.  

Where a non-directional hypothesis is used, and a significant omnibus F exists, 

systematic examination of the data follows, progressing from higher-order to lower- 

order interactions, to determine where the significant difference between treatment 

means exists (Keppel, 1991).  So, using the example of a three-way ANOVA (as 

displayed in Appendix E), if a three way interaction existed (A [a, b, c] x B [d, e] x C 

[g, h]), the next step in deciphering this effect would be to complete two two-way 

ANOVAs (A x B), one at each level of the third variable (Cg,h).  This would be 

followed by progressively lower-order ANOVAs, undertaken using the variables 

associated with the significant effect.  Finally post hoc contrasts would be conducted 

to determine where differences existed amongst the treatment means, for example, the 

Aa, b,c treatment means at the Cg level.  These post hoc contrasts would be corrected 

using a test such as the bonferonni t to reduce the threat of family-wise (Type 1) error.  

This example displays the systematic approach involved in isolating significant 
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effects resulting from post hoc directed ANOVAs, and the procedure by which the 

exploratory analyses in this study were completed. 

 However, where directional hypotheses are used to direct analyses, a different 

procedure is used to isolate significant interactions and main effects (i.e., more than 

two levels).  A traditional approach to a priori analysis (using ANOVA) is to 

commence the analysis with an omnibus F.  An increasingly recommended procedure 

is to skip the omnibus F test, and simply complete single-df planned comparisons 

between treatment means (Keppel, 1991; Tabachnick & Fidell, 1996).  This procedure 

allows more power to be apportioned to the planned comparisons, and not ‘wasted’ on 

the omnibus F, which is unable to identify specific differences between means.  

Where only a limited number of planned comparisons are conducted, these are not 

corrected for family-wise error (Keppel, 1991), because of the extra power that rests 

with this form of analysis.  The a priori method might appear to be a biased means of 

isolating significant main effects and interactions, but this is not necessarily the case, 

as the method brings with it “extrastatistical information” (Keppel, 1991, p. 166) from 

theory, which subserves the direction of the analysis.  In comparison, a method that 

compared every mean with every other mean, might be thought of as haphazard. 

 However, to commence analysis using a limited number of planned 

comparisons presents a particular problem in ERP studies.  For example, if a 

researcher were interested in three experimental conditions, at the left and right 

central and parietal electrode sites, then the number of planned comparisons might be 

3 (experimental conditions) x 2 (electrode sites) x 2 (hemispheres), which sums to 12 

possible planned comparisons.  If all comparisons were undertaken, the researcher 

would have a 60% chance of causing a Type 1 error, an obviously unreasonable risk.   
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 On this basis, in the current study, for a priori analysis, an omnibus F was 

conducted using all electrode sites.  Where a significant interaction existed, a 

subsequent lower-order ANOVA, primarily using variables of interest from a 

theoretical point of view3, was conducted. The outcome of this lower order ANOVA 

directed what single-df comparisons were made.  It was felt that this procedure of 

systematically isolating variables of interest (using 2 ANOVAs and a limited number 

of planned comparisons), was a more ‘economical’ means (in terms of reducing the 

risk of Type 1 error) of isolating significant effects.  Comparisons were not corrected 

to reduce family-wise error (Keppel, 1991). 

In the current study, the Geisser-Greenhouse correction was used to correct for 

violations of the assumption of the homogeneity of covariance in within-subjects 

ANOVAs.  Alphas were set at .05.  For planned comparisons, alphas were not 

adjusted to compensate for familywise Type 1 error (Keppel, 1991).  However, in the 

single-df post hoc analyses, the Bonferonni t correction was used to adjust alphas to 

control for error due to the use of multiple comparisons.   

The partial omega squared (ωp
2) statistic was used to determine the magnitude 

of effects for all significant single-df a priori or post hoc tests.  Keppel and Wicken 

(2004) recommend the use of this statistic in repeated-measures designs.  Effect sizes 

were only computed for single-df results as these outcomes were central to the study 

aims of this thesis (Olejnik & Algina, 2000).   

ERP Waveforms 

 Figure 7 displays the grand average amplitudes for each of the four word 

conditions (deep recognised, shallow recognised, shallow unrecognised, and new) 

                                                 
3 Where experimental conditions appeared (via inspection of the means) to differ at frontal sites, in the 
manner predicted to occur at those sites included in the hypotheses, then frontal electrode sites would 
be included in the analyses.  
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across frontal, central, temporal, parietal, and occipital electrode sites.  An inspection 

of the waveforms revealed that two early peaks were evident in the data, both of 

which commenced prior to 100 ms post-stimulus.  First, a N100 ERP component was 

evident at frontal, central, and parietal electrode positions.  This negative slope had an 

onset of about 70 ms and its negative peak occurred at about 120 ms post-stimulus.  

The second ERP effect was an early positive peak, the P100 ERP component, which 

was present most prominently at the occipital and posterior temporal electrode sites.  

The onset of this effect was about 90 ms post-stimulus and it peaked approximately 

40 to 50 ms later.  Prior research has shown that visual stimuli evoke both the N100 

and P100 effects.  Typically, the N100 and P100 ERP components are visually 

evoked ERP components and reflect the transference of sensory information from the 

visual sensory system (Luck, 2005).  On this basis, the properties of these components 

(i.e., latency, amplitude, and distribution) are modulated by the physical parameters of 

visual stimuli.  However, attentional processes also cause differences in both of these 

components.  For example, attended visual stimuli, compared to non-attended visual 

stimuli, elicit larger N100 and P100 ERP slopes (Munte, Urbach, Duzel, & Kutas, 

2000). 
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Figure 7.  Grand average ERP amplitudes elicited by the deep recognised (Deep Rec), shallow 

recognised (Shall Rec), shallow unrecognised (Shall Unrec), and new conditions at scalp electrode 

sites.  Data are depicted at 17 scalp electrodes that are representative of the full 22-channel array.  
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 A further observation of interest that occurred early in the recorded epoch was 

that, between approximately 150 and 300 ms post-stimulus at posterior sites, a 

difference between word type conditions seemed to exist.  The waveforms elicited by 

the shallow unrecognised and deep recognised word conditions appeared to be more 

positive than waveforms associated with the other word conditions.  In this thesis, this 

effect was referred to as the P200 effect, because it occurred at approximately 200 ms, 

and spanned two positive peaks (or possibly three).  However, it may not be 

technically correct to use the term P200, as the epoch also included a small negative 

peak.  The P200 effect elicited in this study did not appear to be present in Rugg et 

al.’s (1998) waveforms (see Figures 3, 4; Appendix F).  The distinctiveness of this 

effect and the visible difference that existed at this latency between these results and 

those of Rugg et al. (1998) prompted the subsequent exploratory analyses.  

Statistically significant differences between word types at this epoch might provide 

initial evidence as to whether the effect is a marker of a sensory or early cognitive 

process.  The early latency of the effect indicates it may reflect processes associated 

with bottom-up processing of physical characteristics of the stimuli.  However, effects 

that occur after 200 ms are generally considered to be related to cognitive processing 

(Luck, 2005). 

 Two other memory-related ERP components observed in the grand average 

waveforms were the N400 (Doyle, Rugg, & Wells, 1996; Fay, Pouthas, Ragot, & 

Isingrini, 2005; Paller, Kutas, & McIsaac, 1998; Rugg et al., 1998; Rugg & Neito-

Vegas, 1998) and LPC (Herron, Quayle, & Rugg, 2003; Kayser, Fong, Tenke, & 

Bruder, 2003; Neville, Kutas, Chesney, & Schmidt, 1986; Rugg & Nagy, 1989) 

old/new effects.  Both of these components were pertinent to the hypotheses of the 

current study.  Between approximately 300 and 500 ms post-stimulus, a N400 
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old/new effect was present at left central and occipital sites and across the parietal 

electrode sites.  This negative trough peaked at about 450 ms post-stimulus.  At this 

epoch, the old word conditions (independent of recognition) displayed an attenuated 

N400 effect compared to the correctly identified new word condition.  The effect 

appeared to be maximal at the parietal sites.  The N400 old/new effect is thought to be 

a correlate of perceptual priming, or implicit memory (Fay, Pouthas, Ragot, & 

Isingrini, 2005; Paller, Kutas, & McIsaac, 1998; Rugg et al., 1998). 

 Also present in Figure 7, between approximately 490 and 770 ms post-

stimulus, was a positive peak commonly referred to as the LPC old/new effect.  At 

this epoch, the deep recognised word condition elicited a large positive waveform, 

relative to other word conditions, which appeared to be maximal at left and mid-line 

centro-parietal scalp sites and peaked at about 590 ms.  The LPC old/new effect is 

commonly observed in ERP studies that incorporate recognition memory tests, and is 

thought to reflect recollection memory (Duzel, Yonelinas, Mangun, Heinz, & Tulving, 

1997; Paller & Kutas, 1992, Smith, 1993).   

 A visual inspection of the waveforms, therefore, indicated that the N400 and 

LPC old/new effects present in the current data occurred at epochs that prior studies 

have used to capture these memory effects (Donaldson & Rugg, 1999; Finnigan, 

Humphreys, Dennis, & Geffen, 2002; Herron & Rugg, 2003; Olichney et al., 2000; 

Rugg et al., 1998; Schendan & Kutas, 2002; Schloerscheidt & Rugg, 1997; Wilding, 

2000; Wilding & Rugg, 1996).  These observations supported the view that the 300 to 

500 ms epoch and the 500 to 800 ms epoch were appropriate latency windows in 

which to identify these effects.  

 An inspection of the data also allowed a peak-by-peak, observational 

comparison between the current results and those of Rugg et al. (1998).  This 
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examination provided an initial means of verifying if the implicit and explicit memory 

effects, identified by Rugg et al. (1998), were visible in the current data set.  Rugg et 

al. (1998) presented figures of the grand average amplitudes elicited by experimental 

conditions at the left and right frontal and parietal electrode sites (see Figures 4 & 5), 

and as such, the comparisons across studies were restricted to these sites.  For ease of 

comparison, included in Appendix F, are the grand average waveforms from the Word 

Recognition Test from the current study and those of Rugg et al. (1998)4.     

 The N100 effect evident in the current study was similarly present at the 

parietal sites in Rugg et al.’s (1998) study.  At parietal sites in both studies, the N100 

was followed by a series of positive peaks which occurred between about 150 ms and 

350 ms.  Across this transient period, the latency of these peaks was not consistent 

across studies.  Also, word-type differences were apparent at this epoch.  A 

description of these experimental differences was presented previously in this 

subsection.  Visible at frontal electrode sites, between 150 ms and 350 ms, was a 

positive waveform, onsetting in both studies between about 120 and 150 ms post-

stimulus.  This effect peaked approximately 50 ms later in Rugg et al.’s study 

compared to the current study.  The apex of this peak in the current study, compared 

to that of Rugg et al. (1998), was cropped.  This reduction in the tip of the peak may 

be due to latency jitter, resulting from the averaging of early and late peaks elicited by 

individual participants across this temporal window.  

 In the parietal electrode sites of both studies, a N400 old/new effect was 

visible between 300 ms and 500 ms post-stimulus.  Across both studies, the peak 

amplitude of the N400 effect occurred at about 400 ms.  While the N400 waveforms 

in the current study were associated with some reduction in amplitudes compared to 
                                                 
4 The axis scales from the figures of both studies are not precisely equivalent, as Rugg et al.’s (1998) 
figures were accessed on-line, which made it difficult to calibrate the axis of the figures from both 
studies. 
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Rugg et al. (1998), across both studies the polarity, latency, location, and word-type 

effects associated with this component, between studies, were highly similar.   

Across this epoch a negative slope was also apparent at the frontal sites.  Rugg 

et al. (1998) found that across this latency, recognised words elicited an attenuated 

N400 effect compared to unrecognised words and new words.  Rugg et al. (1998) 

termed this effect the FN400 old/new effect, and speculated that it may be a correlate 

of familiarity.  However, these experimental differences were not apparent in the 

current study.   

 Commencing at approximately 500 ms, a LPC old/new effect was prominent 

at the parietal electrodes of both studies.  Across studies, the amplitudes for the deep 

recognised condition were markedly more positive compared to all other conditions.  

In both studies the effect was maximal at the left parietal site compared to the right 

parietal site. 

 In summary, aside from amplitude differences, the key characteristics of the 

N400 and LPC old/new effects across studies were very similar.  The differences in 

amplitudes across studies in relation to these two components may be the result of 

different signal-to-noise ratio levels evident between the studies.  The reduced number 

of participants (Rugg et al.: 32 participants; current Study 1a: 21 participants) and 

trials per condition (Rugg et al.: used a criteria of 16 accepted trials per condition; 

current Study 1a: unable to satisfy this criteria for the shallow recognised and shallow 

unrecognised conditions) in the current study may have contributed to a reduced 

signal-to-noise ration, relative to Rugg et al. (1998).   

 Across studies, word-type differences existed at parietal sites between 

approximately 150 to 350 ms post-stimulus, and at frontal sites between 

approximately 300 to 500 ms, the so-called FN400 old/new effect.  In the current 
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study, the differences present at the parietal sites prompted further exploratory 

analyses, the results of which are presented in the following sections of this chapter.  

Reasons as to why the frontal electrodes failed to show differences, as might be 

expected based on Rugg et al.’s (1998) findings, are presented in the discussion.  

Behavioural Data 

 More words studied in the deep study condition were recognised (95%) than 

those studied in the shallow condition (46%), t (20) = 16.81, p < .001.  This reflects a 

LOP effect (Craik & Lockhart, 1972).  Of the new words, 90% were correctly 

classified as new. 

Electrophysiological Data 

ERPs were computed for 4 study/test categories: the deep recognised 

condition, the shallow recognised condition, the shallow unrecognised condition, and 

the new condition.  The deep recognised and shallow recognised conditions refer to 

old words, encoded using the deep task or shallow task, respectively, that were 

correctly classified as old in the recognition task.  The shallow unrecognised condition 

refers to old words, encoded using the shallow task, but classified as new in the 

recognition test.  The new condition refers to non-repeated words that were correctly 

classified as new in the recognition test.  For the a priori analyses the mean 

amplitudes of these conditions were averaged across two temporal periods: 300 to 500 

ms (i.e., N400), and 500 to 800 ms (i.e., LPC) for six electrode sites: the left and right 

frontal (F3, F4), central (C3, C4), and parietal (P3, P4) sites.  These temporal periods 

are the same as those used by Rugg et al. (1998).  Compared to Rugg et al. (1998) two 

extra electrode sites were included in the analyses (i.e., C3, C4).  This extends Rugg 

et al.'s (1998) analysis to enable greater detection of neural patterns, and is previously 

discussed in this study.  For the exploratory analyses the mean amplitudes of the 
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above conditions were averaged across one temporal period: 150 to 300 ms (i.e., 

P200) for six electrode sites: the left and right frontal (F3, F4), central (C3, C4), and 

parietal (P3, P4) sites.   

 The a priori epochs (i.e., 300 to 500 ms, 500 to 800 ms) were chosen as they 

are commonly identified as temporal windows across which reliable old/new ERP 

repetition effects are observed (Donaldson & Rugg, 1999; Finnigan, Humphreys, 

Dennis, & Geffen, 2002; Herron & Rugg, 2003; Olichney et al., 2000; Rugg et al., 

1998; Schendan & Kutas, 2002; Schloerscheidt & Rugg, 1997; Wilding, 2000; 

Wilding & Rugg, 1996).  Further, an inspection of the waveforms indicated that these 

epochs (300 to 500 ms, 500 to 800 ms) suitably captured a N400 trough and a 

positive-going LPC waveform present at centro-posterior regions, both of which 

showed distinct patterns in the differences between the experimental conditions.  On 

this basis, it seemed appropriate to complete the subsequent a priori analyses using the 

300 to 500 ms and 500 to 800 ms temporal windows. 

The electrodes used in the current study were also determined using the 

outcomes of prior studies, including those of Rugg et al. (1998).  For example, the 

LPC old/new effect has been robustly reported as being present at the left parietal 

electrode site, and as such, is sometimes termed ‘the left parietal old/new effect’ 

(Herron & Rugg, 2003).  Also, the N400 old/new effect has been predominantly 

observed at posterior / parietal sites (Olichney et al., 2000; Paller, Kutas, & McIsaac, 

1995; Rugg et al., 1998; Windmann, Urbach, & Kutas, 2002).   This a priori 

knowledge of component scalp topography informed the inclusion of the left and right 

central and parietal electrode sites.  The inclusion of the left and right frontal 

electrodes was consistent with the procedure of Rugg et al. (1998), who used these 

electrodes in their analyses.  There inclusion also provided a means of determining the 
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presence of any general frontal effects.  A restricted number of electrodes was used in 

the current analyses to reduce the threat of family-wise error associated with multiple 

planned comparisons (Keppel, 1991; Tabachnick & Fidell, 1996).  The electrodes 

were also chosen after an inspection of the data showed that the N400 and LPC ERP 

old/new effects were predominant at the centro-parietal sites, and therefore the 

electrodes chosen to be included in the analysis would capture these effects.    

   The mean, range and sum of ERP trials per condition were, respectively, 

28.05, 20-32, 589 for deep recognised; 28.38, 20-34, 596 for the new recognised; 

14.81, 10-22, 311 for the shallow recognised; and 16.52, 10-23, 347 for the shallow 

recognised.  The mean and standard error of the mean for each condition are displayed 

in Table 2.   
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Table 2  

Mean amplitudes (and SEMs) of ERPs (150-300ms, 300-500 ms, 500-800 ms) for the 

deep recognised (Deep Rec), shallow recognised (Shallow Rec), shallow 

unrecognised (Shallow Unrec), and the new words at the left and right frontal (F3, 

F4), central (C3, C4) and parietal (P3, P4) electrode sites 

 
  F3 

 
F4 C3 C4 P3 P4 

Experimental 
Condition 

M 
(SEM) 

μV 
300 – 500 ms  

 

Deep Rec -1.35 

(0.49) 

-.95 

(.44) 

-.86 

(.52) 

-1.02 

(.40) 

1.56 

(.55) 

1.62 

(.52) 

Shall Rec -2.02 

(.50) 

-1.95 

(.56) 

-1.50 

(.50) 

-2.24 

(.46) 

1.11 

(.51) 

0.91 

(.45) 

Shall Unrec -1.91 

(.38) 

-1.09 

(.39) 

-1.77 

(.54) 

-.84 

(.53) 

1.30 

(.68) 

1.73 

(.62) 

New -2.08 

(0.37) 

-1.05 

(.41) 

-2.60 

(.60) 

-2.33 

(.37) 

-.34 

(.61) 

-.13 

(.53) 

500 – 800 ms  
 
 

Deep Rec .68 

(.44) 

.21 

(.35) 

2.67 

(.51) 

1.73 

(.54) 

3.53 

(.53) 

2.57 

(.36) 

Shall Rec -.93 

(.42) 

-1.27 

(.31) 

.13 

(.37) 

-.89 

(.46) 

.39 

(.46) 

-.37 

(.53) 

Shall Unrec -.43 

(.38) 

-.06 

(.32) 

.39 

(.39) 

1.31 

(.38) 

1.18 

(.52) 

.91 

(.46) 
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  F3 
 

F4 C3 C4 P3 P4 

Experimental 
Condition 

M 
(SEM) 

μV 
New  -.35 

(.35) 

.31 

(.33) 

.58 

(.59) 

1.22 

(.44) 

1.22 

(.51) 

1.10 

(.47) 

150 – 300 ms  
 

Deep Rec 2.07  

(.64) 

2.10 

(.55) 

3.09 

(.74) 

3.31 

(.63) 

3.48 

(.79) 

3.93 

(.71) 

Shallow Rec 1.27 

(.60) 

1.57 

(.62) 

2.04 

(.83) 

2.35 

(.69) 

2.55 

(.80) 

3.04 

(.70) 

Shall Unrec 1.96 

(.55) 

2.41 

(.45) 

3.10 

(.66) 

4.15 

(.59) 

4.20 

(.70) 

4.87 

(.63) 

New 1.57 

(.59) 

1.85 

(.48) 

2.12 

(.68) 

2.54 

(.58) 

2.61 

(.63) 

2.98 

(.51) 

 

 

 

 N400 Old/New Effect.   

The grand average ERP waveforms elicited by the shallow recognised, 

shallow unrecognised, and new words conditions at the left and right frontal, central, 

and parietal electrodes are shown in Figure 8.  A three-way within-subjects omnibus 

ANOVA was conducted on mean amplitudes between 300 and 500 ms post-stimulus, 

for location (frontal, central, parietal), hemisphere (left, right), and word type (shallow 

recognised, shallow unrecognised, new).  This revealed main and interaction effects 

for location, F (1.34,26.82) = 25.15, p < .001; word type, F (2,40) = 3.91, p < .05; 
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Location x Word Type, F (2.37,47.47) = 6.61, p < .001; Hemisphere x Word Type F 

(2,40) = 5.21, p < .05; and Location x Hemisphere x Word Type, F (4,80) = 3.58, p < 

.05.  Mean averages for the shallow recognised, shallow unrecognised, and new 

conditions across the 300 to 500 ms epoch, are displayed in Figure 9. 

To further clarify interactions, a two-way within-subjects ANOVA was 

conducted on the variables entering into interactions restricted to the parietal electrode 

sites.  The a priori hypotheses informed this analysis.  This revealed a main effect for 

word type, F (2,40) = 7.76, p < .01.  

Planned comparisons were used to determine differences between means for word 

types collapsed across the parietal electrode sites.  Amplitudes associated with both 

types of shallow word conditions were not different, but both were associated with 

more positive amplitudes compared to the new condition (shallow recognised: F 

(1,20) = 7.60, p < .05, ωp
2  = .24; shallow unrecognised: F (1,20) = 16.08, p <.01, ωp

2  

= .42).   
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Figure 8.  ERP amplitudes elicited by the shallow recognised (Shall Rec), shallow 

unrecognised (Shall Unrec), and the new words at the left and right frontal (F3, F4), 

central (C3, C4), and parietal (P3, P4) electrode sites. 
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Figure 9.  Mean (and SEM) ERP amplitudes elicited by the shallow recognised (Shall 

Rec), shallow unrecognised (Shall Unrec), and the new words, 300-500 ms post-

stimulus at the left and right frontal (F3, F4), central (C3, C4), and parietal (P3, P4) 

electrode sites. 

 

 

 LPC Old/New Effect (500-800 ms). 

The grand average ERP amplitudes elicited by the deep recognised, shallow 

recognised, and new word conditions at the left and right frontal, central, and parietal 

electrode sites are shown in Figure 10.  A three-way within-subjects omnibus 

ANOVA was conducted on mean amplitudes between 500 and 800 ms post-stimulus, 

for location (frontal, central, and parietal), hemisphere (left, right), and word type 

(deep recognised, shallow recognised, new).  This revealed the following effects: 

location, F (2,40) = 24.48, p < .001; word type, F (2,40) = 20.64, p < .001; Location x 

Word Type, F (1.94,38.83) = 3.77, p < .05; and Hemisphere x Word Type F (2,40) = 

6.69, p <.01.  Mean averages for deep and shallow recognised, and the new condition, 

across the 500 to 800 ms epoch, are displayed in Figure 11. 

To further clarify interactions a three-way within-subjects ANOVA was 

conducted on the above variables restricted to the central and parietal electrode sites.  
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This revealed a main effect for hemisphere, F (1,20) = 4.27, p = .052, and word type, 

F (2,40) = 17.62, p < .001, and significant Hemisphere x Word Type F (2,40) = 6.98, 

p < .01, and Location x Hemisphere x Word Type interactions, F (2,40) = 3.68, p < 

.05.  

Planned contrasts were used to determine differences between means for word 

types collapsed across the left central and parietal electrode sites.  Amplitudes 

associated with the deep recognised condition were more positive than those 

associated with both the shallow recognised and new conditions.  For shallow 

recognised, F (1,20) = 40.44, p < .001, ωp
2  = .65, and new, F (1,20) = 19.55, p < .001, 

ωp
2  = .47.   

Planned contrasts were used to determine differences between means for word 

types collapsed across the right frontal, central, and parietal electrode sites.  

Amplitudes associated with the deep recognised condition were more positive than 

those associated with the shallow recognised condition, F (1,20) = 36.89, p < .001, 

ωp
2  = .63.  There was no difference between the deep recognised and new conditions.  

Also, amplitudes associated with the shallow recognised condition were more 

negative than those associated with the new condition, F (1,20) = 8.27, p < .01, ωp
2  = 

.26. 

Figure 12 displays mean ERP amplitudes for the three different study/response 

conditions minus the new condition (i.e., difference waves) at the N400 and LPC 

temporal periods.  From this figure, the differing effects the LOP manipulation has 

across temporal windows, is evidenced.  Between 300 and 500 ms post-stimulus, at 

the left parietal electrode, all old conditions were significantly different from zero 

(i.e., new condition).  However, at the subsequent temporal period, 500 to 800 ms 

post-stimulus, only the deep recognised condition remains significantly different from 
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zero.  Although the earlier temporal window was relatively insensitive to the LOP 

manipulation, the subsequent temporal window was modulated by the LOP 

manipulation. 
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Figure 10.  ERP amplitudes elicited by the deep recognised (Deep Rec), shallow 

recognised (Shall Rec), and the new words at the left and right frontal (F3, F4), 

central (C3, C4), and parietal (P3, P4) electrode sites. 
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Figure 11.  Mean ERP (and SEM) amplitudes elicited by the deep and shallow 

recognised words (Deep Rec, Shall Rec), and the new words, between 500 and 800 

ms post-stimulus at the left and right frontal (F3, F4), central (C3, C4), and parietal 

(P3, P4) electrode sites.   
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Figure 12.  Mean (and SEM) differences between the amplitude of the 300-500 ms 

and 500-800 ms latency ranges of ERPs to the new words and ERPs to the deep 

recognised (Deep Rec), and the shallow recognised (Shall Rec) and unrecognised 

(Shall Unrec) words, at the left and right frontal (F3, F4), central (C3, C4), and 

parietal (P3, P4) electrode sites. 

Note.  * differs from zero with p < .05; ** differs from zero with p < .005; ^ differs 

from zero with p < .06  
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 P200 Old/New Effect. 

 Rugg et al. (1998) did not identify a P200 old/new effect.  However, 

inspection of the data (Figures 7, 8 and 10) suggested that word type differences 

appeared to exist in the current study, for this temporal window, at central and parietal 

electrode sites.  Therefore, exploratory post hoc analyses were conducted to determine 

if differences existed between word types at the C3, C4, P3, and P4 electrode sites, 

between 150 and 300 ms post-stimulus. Three single-df comparisons were conducted.  

Consistent with the Bonferonni t correction, the alpha was set at .017.   

 A three-way within-subjects ANOVA was conducted on mean amplitudes 

between 150 and 300 ms post-stimulus, for location (central, parietal), hemisphere 

(left, right), and word type (deep recognised, shallow recognised, shallow 

unrecognised, new).  This revealed a main effect for word type, F (3,60) = 6.65, p 

<.01.  There were no significant interactions.   

 Single-df within-subjects ANOVAs were used to determine differences 

between the deep recognised, shallow recognised, shallow unrecognised and new 

conditions collapsed across central and parietal sites.  The deep recognised and 

shallow unrecognised conditions were significantly more positive than the new 

condition (deep recognised: F (1,20) = 9.19; p < .01, ωp
2  = .28; shallow unrecognised: 

F (1,20) = 10.07; p < .01, ωp
2  = .30).  No difference existed between the shallow 

recognised and new conditions. 

Discussion 

This study aimed to replicate the study of Rugg et al. (1998), for the purposes 

of identifying a suitable method to further consider the PRS theory and more 

generally the MMS theory of memory.  Rugg et al.’s (1998) method is an ideal means 

of observing a dissociation between priming and explicit memory as it includes 
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procedures that minimise the threat of explicit memory contamination in the priming 

condition and both types of memory are tested concurrently.  Study 1a focussed on the 

visual word form subsystem of the PRS.    

Behavioural Data 

 As expected, better recognition was associated with words encoded using a 

conceptual or deep task compared to a perceptual or shallow task.  In accordance with 

LOP theory, this memory advantage results from the elaborative rehearsal strategies 

used when completing the deep encoding task.  Strategies such as thinking about the 

meaning of the target word and forming associations between the target word and 

prior knowledge increase the probability of the target word being stored in long-term 

memory (Craik & Lockhart, 1972).  Episodic memory is typically found to be 

sensitive to the LOP manipulation, with deeper processing generally eliciting better 

retention than surface processing (Craik & Lockhart, 1972; Jacoby & Dallas, 1981).   

Electrophysiological Data: A priori Analyses 

 N400 Old/New Effect. 

 As hypothesised, a bilateral parietal N400 old/new effect was identified in the 

current study which resembled the N400 old/new effect identified by Rugg et al. 

(1998) (see Appendix F[A], p.308).  At the left and right parietal electrode sites, 

between 300 and 500 ms post-stimulus, amplitudes associated with the shallow 

recognised and shallow unrecognised conditions did not differ, but these conditions 

elicited significantly higher voltages than words appearing in the new condition.  

Rugg et al. (1998) argued the N400 attenuation associated with words in the shallow 

conditions indexed implicit memory (i.e., visual word-form priming) as the LOP 

manipulation did not modulate the effect and it was not reliant upon accurate 

recollection.  These arguments can similarly be used to interpret the current results.   
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First, the N400 old/new effect evidenced in the current experiment is not 

sensitive to the LOP manipulation.  Figure 12 indicates that the magnitude of the 

effects at the left parietal site for the three classes of studied words (deep recognised, 

shallow recognised, and shallow unrecognised) between 300 and 500 ms post-

stimulus is not different.  Thus at this epoch, ERPs did not differ as a function of 

study task (i.e., deep or shallow).  Rugg et al. (1998) and Fay, Pouthas, Ragot, and 

Isingrini (2005) have similarly found the parietal N400 old/new effect to be 

insensitive to the LOP manipulation.   

 These electrophysiological outcomes are consistent with the results from 

behavioural studies that have shown visual word-form priming tasks to be less 

sensitive to the LOP manipulation relative to explicit memory tasks (Bowers & 

Schacter, 1990; Graf & Mandler, 1984; Graf & Ryan, 1990; Jacoby & Dallas, 1981).  

In behavioural tests, this LOP insensitivity has been interpreted as reflecting the non-

semantic nature of perceptual priming, and various experimental manipulations 

provide converging evidence to support this view.  For example, changes in the 

physical appearance of stimulus material between study and test (Graf & Ryan, 1990; 

Jacoby & Hayman, 1987; Wiggs & Martin, 1994) and modality shift between study 

and test (Jacoby & Dallas, 1981; McClelland & Pring; 1991) have both been shown to 

attenuate priming performance.  Thus, on the basis of findings from behavioural 

priming tests, the observation that the N400 old/new effect was not sensitive to the 

LOP manipulation (as evidenced in the current study), indicates that this old/new ERP 

subcomponent is a correlate of perceptual priming.   

A second reason the N400 old/new effect identified in the current study 

indexes the visual word form subsystem of the PRS is that it is present regardless of 

recognition.  In this early latency period both recognised and unrecognised words 



 102

studied in the shallow encoding condition elicit more positive amplitudes compared to 

correctly identified new words.  In contrast to recollection, perceptual priming effects 

include decreased relearning time, lowered perceptual threshold, shorter naming and 

reading latencies, and increased likelihood of word-puzzle solutions (Brown & 

Mitchell, 1994).  Therefore, although recollection is associated with conscious 

retrieval of the study period, priming is not.  So the finding that the N400 old/new 

effect is present independent of recognition implies that the N400 old/new effect 

represents the function of a memory system (i.e., the PRS) that operates in a non-

conscious manner. 

The early temporal appearance of the N400 old/new effect (in comparison to 

the LPC old/new effect) corroborates the proposition that this component subserves a 

presemantic function.  Schacter (1990) and Tulving and Schacter (1990) proposed that 

the PRS operates at an unconscious level transforming sensory input into abstract, 

domain-specific representations.  This implies that the subsystems of the PRS 

commence activation early in the time course of visual word processing and prior to 

conscious and semantic oriented processes.  Prior to the studies of Rugg et al. (1998), 

visual word-form priming and explicit memory had not been tested concurrently in 

ERP studies, and so the order of their appearance had not been able to be tested using 

ERPs.  However, ERP studies of word-form priming have shown that 

electrophysiological effects associated with priming appear to occur earlier than those 

associated with explicit memory (Doyle & Rugg, 1998; Paller, 2000; Paller & Kutas, 

1992; Rugg & Nieto-Vegas, 1999).  In general, the latency of ERP components 

correspond with the stages of information processing.  That is, early components 

(those that occur between stimulus onset and about 200 ms post-stimulus) reflect 

exogenous or sensory processing, central components, or those occuring between 
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approximately 200 and 500 ms post-stimulus, reflect processes that act on information 

provided by the sensory periphery, including perception and attention, and later 

components reflect endogenous effects associated with more semantically oriented 

processes, including language and mnemonic processes (Munte, Urbach, Duzel, & 

Kutas, 2000).  From this standpoint, the N400 old/new effect identified in the current 

experiment, reflects a pre-semantic function.   

 LPC Old/New Effect (500-800 ms). 

 As hypothesised, a distinct LPC old/new effect was present between 500 and 

800 ms post-stimulus at the left central and parietal electrode sites.  This effect was 

characterised by more positive amplitudes associated with words in the deep 

recognised condition compared to other old conditions.  The left parietal lateralisation 

of the LPC old/new effect has been observed in other studies where a similar 

methodology has been employed (Herron, Quayle, & Rugg, 2003; Neville, Kutas, 

Chesney, & Schmidt, 1986; Rugg et al., 1998; Rugg & Nagy, 1989), that is, where a 

study/test paradigm is used and old and new words are randomly interspersed at test.  

The latency, polarity, spatial distribution (relative to electrodes included in the 

analysis) and experimental word type differences of the LPC old/new effect evidenced 

in the current study and by Rugg et al. (1998), are highly similar, and as such the 

current study represents a successful replication of Rugg et al.’s results.   

 As expected the LPC old/new effect was modulated by the LOP manipulation, 

shown by the fact that words in the deep recognised condition compared to those in 

the shallow recognised condition were more positive going relative to new words.  

Thus, making a correct recognition response was not enough to elicit a LPC old/new 

effect.  Rugg et al. (1998) previously found that the LPC old/new effect was sensitive 

to the LOP manipulation and inferred that the effect was a correlate of explicit 



 104

memory, in view of the findings from behavioural studies that showed episodic 

memory was sensitive to the LOP manipulation.  Paller and Kutas (1992) previously 

used the LOP manipulation as a means of indexing recollection memory and, as 

predicted, found that ERPs at test differed as a function of study task.  Words encoded 

using a deep study task were associated with a larger LPC old/new effect than words 

that were encoded using a shallow study task.   

 The functional significance of the LPC old/new effect is increasingly 

considered to reflect the retrieval processes associated with recollection (Donaldson, 

Allan, & Wilding, 2002; Herron, Quayle, & Rugg, 2003; Johansson & Mecklinger, 

2003; Rugg & Allan, 1999).  Recollection refers to the retrieval of source information 

associated with prior encounters with the target stimulus (Donaldson, Allan, & 

Wilding, 2002).  This view is supported by results that reveal that experimental 

manipulations known to differentially modulate behavioural indices of recollection 

similarly modulate the LPC old/new effect.  For example, correct compared to 

incorrect source judgements elicit a more positive LPC old/new effect (Trott, 

Friedman, Ritter, Fabiani, & Snodgrass, 1999; Wilding, 2000; Wilding & Rugg, 1996; 

Wilding, Doyle, & Rugg, 1995), as do remember (i.e., recollection of episodic 

information about the study event) versus know (i.e., the item is familiar in the 

absence of recollection) judgements (Duzel, Yonelinas, Mangun, Heinze, & Tulving, 

1997; Smith, 1993).  Further, the LPC old/new effect is found to be attenuated or not 

present in people with neurological deficits where recollection is impaired (Duzel, 

Vargha-Khadem, Heinze, & Mishkin, 2001; Johnson, 1995; Smith & Halgren, 1989; 

Tendolkar et al., 1999).  Electrophysiological properties of the LPC old/new effect 

identified in the current study provide further evidence to support the proposition that 

the LPC old/new effect is an index of recollection. 
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 Dissociation between Implicit and Explicit Memory. 

The ability to test priming of visually presented words and explicit memory 

concurrently allows empirical comparison between both types of memory.  As 

discussed, in the current experiment, spatial and temporal differences between both 

memory types were identified.  The N400 old/new effect was present across both 

parietal electrode sites, while the LPC old/new effect was maximal at centro-parietal 

electrodes at the left hemisphere.  Further, the LOP manipulation influenced old word 

conditions differently across each temporal period.  Figure 12 indicates that the 

magnitude of the memory effects (most prominently observed) at the left parietal site 

for the three classes of studied words (deep recognised, shallow recognised, and 

shallow unrecognised) differs across the N400 and LPC time windows .  Whereas 

ERPs did not differ as a function of study task at the N400 period, they did at the LPC 

temporal window.  Therefore a dissociation between implicit and explicit memory has 

been identified.   

 Hemispherical Asymmetries. 

In the current study the LPC old/new effect was markedly distinct at the left 

hemisphere (at central and parietal electrodes).  Word recognition memory tasks 

commonly elicit a left hemisphere advantage.  This has been displayed in 

electrophysiological studies (Allen & Rugg, 1997; Duzel, Yonelinas, Mangun, 

Heinze, & Tulving, 1997; for a review, see Donaldson, Allan, & Wilding, 2002), 

neuroimaging studies (Donaldson, Petersen, Ollinger, & Buckner, 2001; Eldridge, 

Knowlton, Furmanski, Bookheimer, & Engel, 2000; Henson, Rugg, Shallice, Josephs, 

& Dolan, 1999), and lesion studies (Blakemore & Falconer, 1967).  This predominant 

left hemispere activity is assumed to result from verbal memory processes involved in 

word recognition, which are strongly implicated as being located in the left 
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hemisphere (Smith, 1993).    

 Comparing Findings from Study 1a with Rugg et al. (1998) 

 A number of differences existed between the data sets of the current study and 

Rugg et al. (1998).  The differences observed across these studies were not associated 

with the a priori hypotheses set for testing in the current study.  One difference which 

was investigated using exploratory analysis, was that between 150 and 300 ms, the 

deep recognised and shallow unrecognised conditions elicited more positive 

amplitudes compared to other conditions.  These results will be discussed in the 

following subsection of this study.   

 Two other differences concerned properties of the ERP waveform elicited by 

the shallow recognised condition.  First, unlike Rugg et al. (1998) an FN400 old/new 

effect was not identified in the current study.  Rugg et al. (1998) observed that at 

frontal electrode sites, between 300 and 500 ms post-stimulus, the deep and shallow 

recognised conditions elicited significantly more positive amplitudes compared to 

other experimental conditions (see Figure 3).  This component was interpreted as 

being a correlate of familiarity because only recognised words elicited the effect, and 

it appeared to be insensitive to the LOP manipulation.  Prior studies had indicated that 

familiarity, compared to recollection, was less sensitive to the LOP manipulation.  A 

definition of familiarity is provided on page 49.   

 An inspection of the mean amplitudes of the frontal electrodes at the 300 to 

500 ms epoch (see Table 2) indicated that an FN400 old/new effect was not observed 

in the current study, as amplitudes elicited by the shallow recognised condition were 

relatively lower than those elicited by the deep recognised condition.  A difference in 

the methodology used in the current study may have caused this outcome.  Although 

Study 1a replicated the method of Rugg et al. (1998) in a highly similar way, one 
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difference present in Study 1a was that participants were not initially told the true 

nature of the experiment (i.e., that it was a recognition memory test).  This change 

was incorporated to reduce the rate at which words encoded using a shallow task were 

recognised, thus facilitating a relatively equivalent number of shallow recognised and 

shallow unrecognised trials (see page 72).  This change to Rugg et al.’s (1998) 

method may have compromised the level of familiarity evidenced in the current study, 

and thus the FN400 effect was not evidenced.    

 A second difference, related to the waveform elicited by the shallow 

recognised condition, was that across all right hemisphere sites between 500 and 800 

ms, the shallow recognised condition showed an opposite polarity old/new effect.  

That is, the shallow recognised condition, at this epoch, was significantly more 

negative than correctly identified new words.  This negative deflection resembles a 

commonly occurring ERP component labelled the late posterior negative slow wave 

(LPN).  The LPN, evident in a number of recognition studies, occurs from 

approximately 800 ms post-stimulus and is characterised by a reversed polarity 

old/new effect (Johansson & Mecklinger, 2003), similar to the effect evidenced in the 

current study.  Rather than reflecting mnemonic processes, the LPN has been 

implicated as being a correlate of response-related effects.  Evidence for this 

proposition was provided by Wilding and Rugg (1997), who found that reaction times 

were negatively correlated with the LPN effect.  That is, words that took longer to be 

recognised (in a recognition test) elicited more negative amplitudes.  The slow 

negative wave elicited by the shallow recognised condition in the current study may 

similarly reflect a response process, whereby participants may have taken longer, 

relative to other conditions, to recognise words they had previously encoded using a 

perceptual task.  This cannot be verified because accurate reaction times were not 
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collected (see footnote, p. 75). 

 It is unclear whether the opposite polarity old/new effect identified in Study 1a 

is a LPN ERP component as some of its properties are not consistent with the findings 

of prior studies.  For example, the LPN is typically reported to be maximal at 

posterior sites, while the opposite polarity effect in the current study was observed 

across all right hemisphere sites.   The peak latency of this effect also appears to occur 

earlier in the current study.  Further, previous studies have reported that the LPN 

typically coincides with a late right frontal old/new effect, although this was not the 

case for the effect observed in Study 1a.  On this basis it would appear that the 

opposite polarity old/new effect observed in the current study may not represent a 

typical LPN effect.   

Electrophysiological Data: Exploratory Analyses 

 P200 Old/New Effect. 

 In the earliest epoch examined, between 150 and 300 ms post-stimulus, an 

ERP old/new effect was present for the deep recognised and shallow unrecognised 

word conditions at parietal and central sites.  This was evident as both old word types 

were associated with more positive amplitudes than correctly identified new words.  

Unusually, amplitudes associated with words in the shallow recognised condition 

were not different from those for correctly identified new words.  Rugg et al. (1998) 

did not identify a P200 old/new effect. 

It is unclear why the shallow recognised condition was not associated with an 

ERP old/new effect at this early latency.  Words were counterbalanced across 

conditions and therefore differences do not reflect a unique word set.  The effect may 

be an early index of word-form priming, as consistent with the N400 old/new effect it 

is not dependent on recognition accuracy, and it occurs bilaterally across posterior 



 109

sites.  However, this proposition does not adequately explain why the shallow 

recognised condition is attenuated in relation to other old word conditions. 

Although studies have shown priming-associated ERP old/new effects 

commencing as early as approximately 150 to 180 ms post-stimulus (Henson, 

Rylands, Ross, Vuilleumeir, & Rugg, 2003; Pickering & Schweinberger, 2003), 

variations in the P200 are generally considered to reflect detection of stimulus 

features (Boddy & Weinberg, 1981; Luck & Hillyard, 1994) and aspects of decision- 

making or stimulus encoding (McCarley, Faux, Shenton, Nestor, & Adams, 1991).  

Lindholm and Koriath (1985) suggested that the P200 represents the beginning of a 

central process responsible for stimulus identification and the initiation of decision 

making.  P200 variations have been observed with both visual and auditory stimuli.  

For example, increased amplitudes have been associated with stimuli containing target 

features (Luck & Hillyard, 1994).  ERP studies using faces have shown that category 

differences such as race, gender, and emotional expression can modulate the P200 (Ito 

& Urland, 2003; Mouchetant-Rostaing & Giard, 2003).   

Together, these findings provide evidence that the P200 indexes early stimulus 

encoding, including search and detection functions.  Therefore, in relation to the 

current study, the deep recognised and shallow unrecognised conditions may elicit 

early stimulus detection processes that are different to those elicited by the shallow 

recognised and new conditions.   

Recent studies have identified a P200 effect that appears to be modulated by 

early memory search.  Diana, Vilberg, and Reder (2005) found recollection and 

familiarity differentially affected the P200 effect.  Words recollected in a recognition 

test had a more positive-going P200 waveform (190 – 235 ms) than words identified 

in a familiarity test (distinguishing famous from non-famous names).  This effect was 
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present at frontal and parietal sites across both hemispheres.   

Consequently Diana, Vilberg, and Reder (2005) suggested that the P200 effect 

reflected a memory search attempt.  In circumstances where a name was recognised 

(Phase 2: old) an initial response was to search the name for a study context.  In 

comparison, when a name was identified as familiar, degree of familiarity became 

available without the need of a directed search.  Therefore the search for study context 

elicited the more positive P200.   

Curran and Dien (2003) identified a P200 (176 – 260 ms) old/new difference 

between implicit memory and familiarity – which was maximal at fronto-polar 

regions.  Words presented in a within modal condition at study and test (possibly 

representing an index of perceptual priming), relative to words presented in an amodal 

condition at study and test (possibly representing an index of familiarity), elicited a 

more positive going P200.  It was asserted that although this early ERP old/new effect 

may be associated with perceptual priming, it might also reflect an “intentional 

retrieval of modality specific information” (p. 985).  Again the P200 is associated 

with an initial search that involves detection of the prior encoding format, a search 

that may not be undertaken for words recognised via familiarity. 

 Although the functional significance of the P200 in relation to memory 

remains unclear, the current discussion provides evidence to suggest that the P200 

may index an initial memory search for the target stimulus.  Consistent with this view, 

the P200 old/new effect outcomes of the current study imply that a memory search 

occurred for words in the deep recognised and shallow unrecognised condition.  

Interestingly, an important factor related to retrieval in both recollection memory and 

priming is the reinstatement of context specific information about the target stimulus.  

Although separate systems mediate recollection and priming, some features of these 
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systems may act in an integrated manner and therefore functions may to some degree 

be similar. 

 For example, recollection is said to be evidenced when detailed contextual 

information can be reconstructed about the target, when accurate source judgements 

can be made about the target (Jacoby, 1991), or when a target is subjectively said to 

be remembered – not simply known (Gardiner & Java, 1993). 

 Further, priming effects are attenuated when stimuli are presented in different 

formats across study/test periods, which indicates that priming is subserved by a 

system that stores and later matches the global representation of the surface features 

of stimuli (Schacter, 1994).  Although a context specific function is to some degree a 

common feature of recollection and priming, this function is not associated with 

familiarity.  In fact familiarity is generally dissociated from recollection on the basis 

that less contextual information is known about a target when it is retrieved via 

familiarity (Jacoby, 1991).   

 Consistent with these outcomes, it could be tentatively proposed that an early 

memory search feature may in some circumstances be associated with recollection 

and priming, and not familiarity.  In recollection memory, the search comes to fruition  

later than that undertaken for priming, as semantic or associative information is 

included in the retrieval process.  Therefore in the current study more positive 

amplitudes are associated with conditions where an initial memory search was 

undertaken (i.e., the deep recognised and shallow unrecognised condition).  However, 

words that may have been later recognised via familiarity (i.e., shallow recognised 

condition) were associated with an attenuated P200 old/new effect, as an initial search 

was not attempted.   
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Limitations of Study 1a 

 A weakness associated with the current study is the reduced number of trials 

associated with the shallow recognised (M = 14.81; R = 10-22) and shallow 

unrecognised conditions (M = 16.52; R = 10-23).  This weakness is inherent in the 

methodological design of the study, as both remembered and forgotten shallow 

conditions are of interest.  Therefore, the shallow encoding condition is divided into 

two conditions (i.e., shallow recognised, shallow unrecognised).  Rugg et al. (1998) 

included 34 words in each of the ‘deep’, ‘shallow’ and ‘new’ conditions therefore, at 

best, if a participant had an equal ratio of forgetting and recognising, only 17 trials 

could be included in each of the shallow conditions.  This does not take into account 

trials that are later rejected due to the presence of EEG artefacts (e.g., muscle 

movements).   

 Two strategies were employed to reduce the impact associated with this 

outcome.  The sample size of the current study was increased to twenty-one.  In 

addition, a previously used criterion of 10 artifact-free trials per condition (Finnigan, 

Humphreys, Dennis, & Geffen, 2002) was used as a means of rejecting or accepting a 

participant’s data.   

 In determining whether the effects identified in the current study represent 

genuine effects, Munte, Urbach, Duzel, and Kutas (2000) assert that good results can 

still be gained with lower numbers of trials in instances where larger differences exist 

between experimental conditions, or where there is low variability between conditions 

and participants.  Also, fewer trials are needed to establish reliable differences 

between conditions than analyses where, for example, ERP latencies are considered.  

Therefore, consistent with these assertions, the significant differences identified 

between conditions in the current study, which resemble those identified by Rugg et 
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al. (1998), and the lower variability, due to the within-subjects nature of the design, 

suggest that the results represent genuine effects.   

 A weakness associated with the a priori directed analyses used, is that planned 

comparisons were focussed on a select group of electrode sites (as directed by a priori 

knowledge).  The N400 old/new effect was restricted to the parietals sites while the 

LPC old/new effect was restricted to the central and parietal electrode sites.  On this 

basis, conclusions were constrained to these sites.  While this provided evidence to 

support Rugg et al.’s outcomes, it did not allow further exploration of these effects.  

However, it must be noted that an inspection of the mean difference waves (new and 

old word conditions) presented in Figure 12, indicated that the N400 and LPC 

old/new effects (as identified by Rugg et al. 1998) appeared to be maximal at sites 

included in the analyses.  Further, an inspection of the means associated with the 

N400 effect, indicated that there was very little difference between the means at the 

left frontal site (shallow recognised, -2.02 μV; shallow unrecognised, -1.91 μV; and 

new, -2.08 μV), and at the right frontal site the direction of the difference between the 

shallow recognised (-1.95 μV) and new (-1.05 μV) conditions was opposite to that 

predicted.  In relation to the LPC ERP old/new effect, there was an expected 

difference between the deep recognised and new conditions (1.03 μV) at the left 

frontal site, but it was less than half of the magnitude of that evident at the left parietal 

(2.31 μV) and central sites (2.09 μV).  At the right frontal site, again the direction of 

the difference between the deep recognised (.21 μV) and new (.31 μV) was opposite 

to that predicted.   

 Associated with this limitation is that, because of the threat of family-wise 

error, if the complete data set (of electrodes x experimental conditions) were included 

in the analyses, an extremely stringent alpha would be required which subsequently 
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escalates the risk of a Type 2 error.  Analyses that may overcome this weakness will 

be discussed in the limitation subsection of the concluding chapter of this thesis.   

Conclusion  

The current study successfully replicated the implicit and explicit memory 

findings identified by Rugg et al. (1998).  A N400 old/new effect (indexing visual 

word-form priming) was present bilaterally across the parietal electrodes, while a LPC 

old/new effect (indexing recollection) was identified at the left centro-parietal 

electrodes.  The electrophysiological properties of these two effects (i.e., spatial and 

temporal characteristics) indicate that qualitative differences existed between the two 

correlates.  A further difference is that the LOP manipulation differentially modulated 

the N400 and LPC old/new effects.  On the basis of these differences, a dissociation 

between the visual word form subsystem and recollection memory was identified in 

the current study.   Importantly, this dissociation was identified using methods that 

allowed visual word-form priming and explicit memory to be tested concurrently and 

when explicit memory contamination of the priming condition was restrained. 

The current study also identified a number of functional properties of the 

N400 old/new effect that implicate it as being a correlate of the visual word form 

subsystem.  For example, the N400 old/new effect evidenced in the current study is 

perceptually oriented (as it was not modulated by the LOP manipulation), it is not 

dependent on accurate recognition, and it onsets at an early latency.   

Thus Rugg et al.’s (1998) methodology is a sensitive tool for empirically 

testing the characteristics of the subsystems of PRS.   As a result of these findings, 

Studies 3 and 4 of the current research programme will extend Rugg et al.’s (1998) 

methods to examine the object (i.e., the structural description subsystem) and auditory 

word form subsystems of the PRS. 
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A new finding identified in the current study was related to a P200 old/new 

effect which was present.  Between 150 and 300 ms post-stimulus, at central and 

parietal electrode sites, the deep recognised and shallow unrecognised word 

conditions were associated with more positive going amplitudes relative to the new 

word condition.  A similar old/new effect was not present for the shallow recognised 

condition.  This difference relative to Rugg et al. (1998) may have been due to a 

change in the encoding procedure of the current study.  Participants were not told 

prior to the study task that they were completing a memory task.  This appears to have 

reduced the level of familiarity participants experienced.  Although the functionality 

of this effect is unclear it is tentatively suggested that the P200 old/new effect 

identified in the current study may index an early memory search attempt for 

information associated with prior encounters with a target word.   
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Study 1b 

 Study 1b is a replication of the semantic-judgement priming task used by 

Rugg et al. (1998).  A limitation of the methodology used in Study 1a is that, although 

an electrophysiological correlate of visual word-form priming was identified, a 

corresponding behavioural measure of visual word-form priming was not obtained.  

Study 1b represents a means of strengthening the assertion that the N400 old/new 

effect, evidenced in Study 1a, is indeed a correlate of the visual word form subsystem 

of the PRS.  The aim of Study 1b was to determine if the semantic-judgement task 

would elicit an ERP old/new effect that was temporally and spatially similar to the 

N400 old/new effect identified in Study 1a.   

 The hypotheses of Study 1b were based on the N400 old/new effects observed 

by Rugg et al. (1998) in the semantic-judgement priming task and here in Study 1a.  

The hypotheses set for test in Study 1b were the following.  The behavioural data 

elicited by the semantic-judgement task would show that old word judgements would 

be made more quickly than new word judgements.  Further, this effect would not be 

sensitive to the LOP manipulation, that is, no difference would exist between reaction 

times associated with words studied in the deep and shallow conditions, relative to the 

new condition.  The following hypotheses were related to the electrophysiological 

analyses.  A N400 old/new effect (indexing the visual word form subsystem) would 

be evident bilaterally across the parietal electrode sites.  This effect would not be 

sensitive to the LOP manipulation.  That is, amplitudes associated with words in the 

deep and shallow conditions would not differ, but would be more positive than those 

associated with words in the new condition.   
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Method 

Participants 

 Twenty-seven participants were recruited from theGriffith University, School 

of Psychology first year subject pool and received course credit for their participation.  

Behavioural and electrophysiological data from one participant was discarded due to 

insufficient numbers of trials with which to form reliable ERPs for experimental 

conditions.  The remaining twenty-six subjects had a mean age of 24.54 years (SD = 

8.95); 19 were female.  All participants were right handed, had English as their first 

language, and reported not having a brain injury.  Each gave written informed consent 

prior to participating in the study.  The research protocol used in Study 1b was 

approved by the Griffith University Human Research Ethics Committee (protocol 

number: PSY/07/02/r/hec). 

Task and Materials 

 The study employed a semantic-judgement task, using a study/test paradigm.  

Words were presented during a study period, and a word-form priming test followed 

in which study words (old words) plus new words were shown, and participants 

judged whether the words represented either an animate or inanimate object.  A 

behavioural indication of visual word-form priming is that old words compared to the 

new words were associated with a shorter reaction time.  A LOP manipulation was 

used at study, and both the shallow and deep encoding tasks were the same as those 

used in Study 1a.  Participants were not told prior to commencing the tasks that they 

were completing a memory test, or that the words seen at study would be repeated in 

the identification task. 

A group of 102 words were randomly drawn from a pool of 340 nouns used by 

Rugg et al. (1998).  This group of words was a different list from those selected for 
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Study 1a, but word length and frequency count did not differ across lists used in the 

two studies.  Three lists of 34 words (as per Rugg et al., 1998) were formed, with lists 

matched for word length and frequency count (Kucera & Francis, 1967). Mean word 

length per group was 5.97 (SD = 1.22), 5.76 (SD = 1.33) and 5.84 (SD = 1.30) letters 

respectively, and mean frequency was 6.94 (SD = 6.65), 7.74 (SD = 6.00), and 6.80 

(SD = 6.18) counts per million respectively.  The word lists were counterbalanced so 

that each word appeared equally often in the deep, the shallow, and the new 

conditions.  As a result, three separate study/test lists were used and these were 

rotated across participants.  Shallow and deep words were randomly interspersed in 

the study and test lists.  Four fillers were used in the study task, and ten in the test.  

Fillers were presented at the beginning and end of lists.  Fillers at the beginning of 

lists were used to further acquaint participants with the task and reduce primacy 

effects, and fillers at the end of the lists were used to reduce recency effects.  The 

length of the word lists at study and test were the same as Study 1a, as were the 

presentation, format, and timing of words and characters at study and test.  Further, 

consistent with the procedures of Study 1a, an intercom was used to listen to the study 

task responses of the participant, which were marked onto a checklist.  Trials were 

discarded if words were encoded using the incorrect study task.  Figure 13 

summarises in a diagram the methodology used at study and in the semantic-

judgement task. 

Procedure 

 Participants provided written informed consent (see Appendix A) and 

completed a medical history pro forma (see Appendix B).  Once the electrode cap was 

fitted, the participant entered a shielded room and completed the study, followed by 

the semantic-judgement task.  An interval of approximately five minutes separated 
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both activities.  Instructions for the study task (see Appendix C) and test (see 

Appendix H) were provided in the form of a booklet.  A block of five practice trials 

preceded the study task and six practice trials preceded the test.   During the test, EEG 

was recorded.  Participants were instructed to remain as still and relaxed as possible 

and maintain fixation on the centre of the computer screen.  Further, participants were 

instructed to blink and move only when the asterisk appeared on the screen.   

EEG Recording 

 The procedures used to record EEG are identical to those reported in Study 1a.  

 

 

 

 
Figure 13.  Diagrammatical view of study and test research methodology. 
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Results 

ERP waveforms 

 Figure 14 displays the grand average ERP amplitudes for each of the three 

word conditions (deep, shallow, and new) across frontal, central, temporal, parietal, 

and occipital scalp sites.  Two distinct ERP components appeared to be present in 

these waveforms, including a P100 effect and a N400 old/new effect.   

 Each of the three word conditions elicited a similar P100 ERP effect, observed 

most clearly in the occipital and posterior temporal electrode sites.  In each of these 

scalp sites, the onset of the P100 was about 90 ms post-stimulus and it peaked at about 

130 ms post-stimulus.  A N100 effect was also markedly present across parietal, 

central, and frontal sites.  The earliest onset of this effect occurred at parietal sites, 

where onset was about 70 ms post-stimulus, and the peak amplitude of the slope was 

about 100 ms post-stimulus.  In comparison, at the frontal electrodes the N100 effect 

commenced about 105 ms post-stimulus and peaked at about 130 ms post-stimulus.  

These effects typically reflect the actions of the visual sensory system as it processed 

the physical characteristics of the visual words used in this study.   

 As hypothesised, between 300 and 500 ms post-stimulus a N400 old/new 

effect appeared to be present in the waveforms, with old word conditions eliciting a 

reduced N400 waveform relative to the new word condition.  This effect was present 

maximally at the parietal and occipital scalp sites.   

 The current study is a replication of Rugg et al.’s (1998) Semantic Judgement 

Priming task.  A comparison of the grand average waveforms of the current study 

with those of Rugg et al. (1998) (see Appendix G) indicates that the morphology of 

the waveforms across both studies is highly similar.  A N100 ERP component 

commenced at a similar latency across the frontal and parietal electrodes of both 
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studies.  At the parietal electrode sites, this was followed, in both studies, by a series 

of positive peaks (perhaps restricted to two general peaks) which occurred across a 

brief epoch of about 200 ms, between about 150 ms and 350 ms post-stimulus.  The 

onset of this activity across studies occurred at about 100 ms post-stimulus and it 

concluded in both studies with a N400 slope.  Some differences existed across studies 

between the latency of the peaks present at this epoch.  Across frontal electrodes 

during this epoch, a large positive wave was apparent in both studies, which peaked at 

about 200 ms post-stimulus in Rugg et al.’s study, and at about 250 ms in the current 

study.   

 As previously described, an implicit memory N400 old/new effect was evident 

across both studies.  This outcome appeared to confirm that the 300 to 500 ms epoch 

would adequately capture the implicit memory effect identified by Rugg et al. (1998).  

While a negative slope was also evident at the frontal sites for both studies across this 

epoch, word differences were not apparent.  Across the remaining recording epoch 

(i.e., 500 to 1000 ms), a positive waveform was evident at most of the electrode sites.  

Amplitudes associated with the experimental conditions appeared to be relatively 

equivalent across this final epoch.    In summary, across both studies, the polarity, 

distribution of the waveforms across the frontal and parietal electrodes, and word 

differences were remarkably similar.  Some differences between studies existed in the 

latencies of the effects in the 200 to 300 ms range.   

Behavioural Data 

 The deep condition (M = 1148ms; SEM = .25) and the shallow condition (M = 

1170ms; SEM = .33) elicited significantly shorter reaction times than the new 

condition (M = 1207ms; SEM = .35), (deep: t (25) = -2.45, p = .022, shallow: t (25) = 
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-2.04, p = .052).  The mean reaction times associated with old word types did not 

differ.    

                 

                 

                 

                          
 
 
 
 

 

 

 

 

Figure 14.  Grand average ERP amplitudes elicited by the deep, shallow, and new conditions at 

scalp electrode sites.  Data are depicted at 17 scalp electrodes that are representative of the full 22-

channel array.  
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Electrophysiological Data 

 The logic determining the analyses of the present study is the same as that 

described in Study 1a.  ERPs were computed for 3 study/response categories: the deep 

condition; the shallow condition; and the new condition.  The mean amplitudes of 

these conditions were computed for one temporal period: 300 to 500 ms (i.e., N400) 

across six electrode sites: the left and right frontal (F3, F4), central (C3, C4), and 

parietal (P3, P4) electrode sites.  This temporal period is the same as Rugg et al. 

(1998) used in the semantic-judgement priming task.  Compared to Rugg et al. (1998) 

two extra electrode sites were included in the analyses (i.e., C3, C4).  The inclusion of 

these electrodes extends Rugg et al.'s (1998) analysis to investigate ERP effects at 

central electrode sites. 

 The mean, range and sum of ERP trials per condition were: deep: 24.85, 13-

34, 646; new: 24.73, 14-33, 836; and shallow: 25.81, 14-34, 671.  The mean 

amplitudes (and Standard Error of the Mean) for each condition are displayed in Table 

3.   
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Table 3 

Mean amplitudes (and SEMs) of ERPs (300-500 ms) for the deep, shallow and new 

word conditions at the left and right frontal (F3, F4), central (C3, C4), and parietal 

(P3, P4) electrode sites 

 
 F3 F4 C3 C4 P3 P4 

Experimental 
Condition 

M 
(SEM) 

μV 
300 - 500 ms  

 
Deep  -.48 

(.71) 

-.38 

(.63) 

-1.40 

(.59) 

-1.00 

(.48) 

1.00 

(.48) 

.53 

(.45) 

Shallow  -1.01 

(.63) 

-.48 

(.60) 

-1.24 

(.41) 

-1.42 

(.43) 

.60 

(.40) 

.74 

(.36) 

New  -1.39 

(.52) 

-.89 

(.51) 

-2.10 

(.41) 

-2.31 

(.39) 

-.80 

(.37) 

-.51 

(.37) 

 
 

 N400 Old/New Effect. 

 A three-way within-subjects omnibus ANOVA was conducted on mean 

amplitudes between 300 and 500 ms post-stimulus, for location (frontal, central, & 

parietal), hemisphere (left, right), and word type (deep, shallow, new).  This revealed 

main effects for location, F (1.28, 32.06) = 9.01, p < .01, and word type, F (2,50) = 

9.43, p < .001, and Location x Word Type, F (2.32, 57.91) = 3.91, p < .05, and 

Location x Hemisphere x Word Type interactions F (2.71 , 67.64) = 3.93, p < .05.  

The grand average ERP amplitudes elicited by the experimental conditions at the 

frontal, central, and parietal electrode sites are displayed in Figure 15.  The mean 
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averages for each condition across the 300 to 500 ms epoch are displayed in Figure 

16. 
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Figure 15.  ERP amplitudes elicited by the deep and shallow words and the new 

words at the left and right frontal (F3, F4), central (C3, C4), and parietal (P3, P4) 

electrode sites. 
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Figure 16.  Mean (and SEM) ERP amplitudes elicited by the deep, shallow, and new 

words, 300-500 ms post-stimulus at the left and right frontal (F3, F4), central (C3, 

C4), and parietal (P3, P4) electrode sites. 

 
 

To further clarify interactions, a two-way within-subjects ANOVA was 

conducted on the above variables restricted to the parietal electrode sites.  This 

revealed a main effect for word type, F (2,50) = 15.26, p < .001, and a significant 

Hemisphere x Word Type interaction, F (2,50) = 8.61, p < .01.  Planned contrasts 

were undertaken to determine differences between word type means at the left and 

right parietal electrodes.  At both sites amplitudes associated with the deep and 

shallow conditions were not different, but were associated with more positive 

amplitudes compared to the new condition (P3: deep: F (1,25) = 20.56, p < .01, ωp
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2  = .43).  The Hemisphere x 

Word Type interaction (present in the secondary ANOVA), appeared to be the result 

of voltage differences associated with the deep recognised condition across 

hemispheres.  Table 3 showed that while the means of the shallow recognised 

conditions (across hemispheres) were relatively equivalent, the mean of the deep 
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recognised condition at the left hemisphere was quite a bit larger than the mean of this 

condition at the right hemisphere (deep recognised condition at P3: 1 μV, at P4: .53 

μV).  The effect sizes of these old/new differences corroborate this proposition, as the 

magnitude of the difference between the means of the deep recognised and new word 

conditions at the left hemisphere was .43, while at the right hemisphere the magnitude 

of the difference between these two word types was .27.   

 Figure 17 displays ERP mean amplitudes for the frontal, central, and parietal 

study/response conditions minus the new condition between 300 and 500 ms post-

stimulus.  At each parietal site, the memory effects for the two classes of studied 

words were equivalent, indicating that the effect was not sensitive to the LOP 

manipulation. 
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Figure 17.  Mean (and SEM) differences between the amplitude of the 300-500 ms 

latency range of ERPs to the new words and ERPs to the deep and the shallow words, 

at the left and right frontal (F3, F4), central (C3, C4), and parietal (P3, P4) electrode 

sites. 

Note. * differs from zero with p < .05; ** differs from zero with p < .005 
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Discussion  

 The aim of Study 1b was to determine if the semantic-judgement priming task 

would elicit an ERP old/new effect that was temporally and spatially similar to the 

N400 old/new effect identified in Study 1a.  Such an effect would provide evidence to 

corroborate the functional significance of the N400 old/new effect identified in Study 

1a.  More specifically, this study aimed to determine whether the N400 old/new effect 

evidenced in Study 1a was an index of the visual word form subsystem of the PRS. 

Behavioural Data 

 As hypothesised, participants responded more quickly to old words than new 

words.  This result represents a typical priming effect.  Also, the LOP manipulation 

did not significantly modulate the behavioural results as both types of old words were 

associated with quicker reactions compared to new words, and no difference existed 

in reaction times associated with old word types.  Rugg et al. (1998) similarly found, 

using the semantic-judgement priming task, that the LOP manipulation did not 

modulate old word reaction times.  Compared to episodic memory tests, visual word 

priming tasks are generally less sensitive to semantic encoding tasks (Bowers & 

Schacter, 1990; Graf & Mandler, 1984; Graf & Ryan, 1990; Jacoby & Dallas, 1981).    

Electrophysiological Data: A priori Analyses 

 N400 Old/New Effect. 

The hypotheses concerning the electrophysiological outcomes of the current 

study were supported, as a N400 old/new effect was evident bilaterally across the 

parietal electrode sites.  Further, the N400 old/new effect was not modulated by the 

LOP manipulation, as old word types (independent of encoding task) displayed 

equivalent memory effects across both parietal hemispheres (see Figure 17).  This 

result temporally and spatially resembles the N400 old/new effect identified in Study 
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1a (see Figures 8 & 12), and the implicit memory effect evidenced in the semantic-

judgement priming task used by Rugg et al. (1998) (see Figure 5).   

The observation that neither the behavioural nor the electrophysiological 

findings of the current study were sensitive to the LOP manipulation supports the 

notion that the N400 old/new effect, evident in the current study, indexed the 

presemantic operations of the visual word form subsystem.  Other ERP studies have 

provided evidence that corroborates this proposition.  For example, Fay, Pouthas, 

Ragot, and Isingrini (2005) and Boehm, Sommer, and Lueschow (2005) have 

similarly found that the N400 old/new effect was not sensitive to the LOP 

manipulation.   

Consistent with the view that the N400 old/new effect is a correlate of 

perceptual priming, prior studies have shown the N400 old/new effect to be sensitive 

to the visual attributes of the repeated word.  For example, Doyle, Rugg, and Wells 

(1996) found the N400 old/new effect was not differentially modulated by target 

words primed using visually similar, but lexically (BALL-BALLAST) and 

semantically (SCAN-SCANDAL) dissimilar words.  Further, Paller, Kutas, and 

McIsaac (1998), found that primed words elicited a more positive N400 old/new 

effect (most prominently at occipital electrodes), when they appeared in their first 

presentation in a whole format, compared to when letters of the word were shown one 

at a time.  These outcomes imply a N400 visual word form subsystem function 

because the N400 old/new effect was maximal when the perceptual features of stimuli 

remained the same between study and test.  Behavioural priming tests have similarly 

shown priming to be enhanced under these conditions, whereas explicit memory is not 

sensitive to manipulations that alter perceptual features of stimuli (Graf & Ryan, 

1990; Jacoby & Hayman, 1987; Wiggs & Martin, 1994).   
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Changes in modality between study and test have also been found to influence 

the N400 old/new effect in an expected way (Rugg & Neito-Vegas, 1998).  Preserved 

N400 old/new effects in people with amnesia also indicate that the effect is a correlate 

of the visual word form subsystem (Duzel, Vargha-Khadem, Heinze, & Mishkin, 

2001; Olichney et al., 2000).  Results such as these have prompted Pickering and 

Schweinberger (2003) to state that the “N400 old/new effect is probably the best 

known ERP that is sensitive to priming” (p. 1299). 

Limitations of Study 1b 

 The secondary ANOVA used in this study was restricted to the parietal 

electrodes, therefore restricting the topographical inferences that could be drawn.  The 

focus of this ANOVA was directed by the hypothesis, which predicted, based on a 

priori knowledge and the outcomes of Study 1a, that the N400 ERP old/new effect 

would be present bilaterally at parietal sites.  Further, an inspection of the mean grand 

averages for the experimental conditions (see Figure 14) indicated that this effect (no 

difference between the magnitude of the difference between deep and new words and 

shallow and new words) was not distinctly apparent at the frontal and central sites.  

While the restricted analysis provided support of Rugg et al’s (1998) outcomes, it did 

not provide further information about other electrode sites (not included in the 

analyses) that similarly may have elicited this effect.   

Conclusion  

The current study successfully replicated the findings of the semantic-

judgement priming task identified by Rugg et al. (1998).  More importantly, the 

results of the current study temporally and spatially resemble the N400 old/new effect 

identified in Study 1a because a N400 old/new effect was present bilaterally across 

the parietal electrodes and was not influenced by the LOP manipulation.  This 
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corroborates that the N400 old/new effect present in Study 1a is an index of priming.  



 132

Study 2 

 Rugg et al. (1998) employed a methodology that identified neural correlates of 

implicit and explicit memory.  This methodology allowed a correlate of one 

subsystem of the PRS, the visual word form subsystem, to be identified.  In this thesis, 

Studies 1a and b were conducted to replicate these findings.  The outcomes of these 

two studies generally replicate the results of Rugg et al. (1998), and therefore provide 

evidence that the method employed by Rugg et al. (1998) is able to reliably facilitate 

ERP implicit (i.e., N400 old/new effect) and explicit memory (i.e., LPC old/new 

effect) effects. 

 To further employ this methodology to uniquely inform PRS theory it is 

asserted that a methodological change is required.  Because the recognition test (Study 

1a) did not provide a behavioural indicator of visual word-form priming, Rugg et al. 

(1998) included a ‘typical’ priming task, the results of which were used to validate the 

N400 old/new effect identified in the recognition test.  The priming task used by Rugg 

et al. (1998) was a conceptually oriented test named the semantic-judgement priming 

task.  In this task, participants judged whether old and new words were animate or 

inanimate.  As this task highlights the semantic features of the word, it promotes 

conceptual processing and therefore conceptual priming.    

 Recently, a distinction has been made between perceptual and conceptual 

priming tasks (Wilson, 1991; Blaxton, 1992; Gabrielli, 1999).  Perceptual priming 

tasks incorporate experimental manipulations that highlight the surface or physical 

features of stimuli, while conceptual tasks call attention to the semantic features of the 

stimuli.  In perceptual tasks, priming is enhanced when the perceptual properties of 

stimuli remain the same across study and test periods.  In contrast, conceptual priming 

is facilitated when study and test periods highlight semantic properties of the stimuli.   
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Consistent with this proposition, a limitation of Rugg et al.’s (1998) study is that a 

conceptual priming task was used to corroborate the perceptual priming effect elicited 

by the recognition task.  This causes speculation as to whether the priming effect 

observed by Rugg et al. (1998), was a correlate of either perceptual or conceptual 

priming.  Because the current thesis is concerned with identifying a correlate of the 

perceptual representation system, it is vital that a perceptual priming task be used to 

corroborate that the priming effect (elicited by the reocognition test) is in fact 

perceptually oriented.  On this basis, Study 2 included a word-identification task to 

verify that the N400 old/new effect identified in Study 1a indexed the perceptually 

oriented visual word form subsystem.   

The word-identification test was chosen on the basis of three criteria: (1) it is 

perceptually oriented (Weldon, 1991; Hashtroudi, Ferguson, Rappold, & Chrosniak, 

1988); (2) it can be used across three modes, visual words, objects (Butters, Heindel, 

& Salmon, 1990), and spoken words (Church & Schacter, 1994) (enabling some 

equivalence across studies 2, 3b, and 4b); and (3) it can be operationalised for use 

with ERPs.   

 In the word-identification test, words are initially shown to participants in a 

whole format and then participants attempt to identify repeated (i.e., old) and new 

words shown in a degraded format (i.e., pixels missing).  This test elicits perceptual 

processing as identification occurs as the result of perceptual closure, a process 

whereby fragments are integrated into a perceptual whole or gestalt (Viggiano & 

Pitzalis, 1998).  Participants are not told prior to completing the test that it is a 

memory test and priming is said to occur if more old words are accurately identified at 

test compared to new words.  Previous research using this test has shown that stimulus 

identification is improved by a single prior exposure in both normal (Hashtroudi, 
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Parker, DeLisi, Wyatt & Mutter, 1984; Jacoby & Dallas, 1981) and amnesic 

(Warrington & Weiskrantz, 1968, 1970, 1974) populations.   

Procedures were included in the word-identification test used in Study 2 to 

reduce the likelihood of explicit memory strategies being employed to identify 

fragmented words.  First, measures were included that ensured the word-identification 

test was speeded.  For example, study duration was reduced from 10 s (Study 1b) to 6 

s (Study 2), and participants were told at test that fragmented words would appear for 

a very short time and that they were to respond to the task as quickly as possible. 

Participants were also told that if they could not quickly identify the word then to 

respond ‘no’ to the word.  A robust experimental manipulation found to dissociate 

explicit memory and visual word-form priming is presentation time (Jacoby & Dallas, 

1981; Roediger & McDermott, 1993).  Although explicit memory is commonly found 

to be sensitive to presentation time, priming is not.  That is, explicit memory effects, 

compared to priming effects, are attenuated when stimuli are presented more quickly 

at study.  The shortened presentation time hinders the participant from using semantic 

processing strategies, known to enhance explicit memory (Craik & Lockhart, 1972). 

In the current study, at test, only the words encoded using a shallow task were 

repeated. Therefore there was less chance of the stimuli being recollected (via a deep 

encoding condition) and of participants realising the true nature of the test – an event 

that may influence the type of retrieval strategy used.  This type of unintentional 

retrieval strategy, where participants become aware that retrieved test words are from 

the preceding study task, has been named by Butler and Berry (2001) as phenomenal 

awareness.  This is consistent with the P200 discussion in Study 1a, where it was 

suggested that as early as approximately 200 ms post-stimulus an item is identified on 
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the basis of the way it was encoded (also Curran & Dien, 2003; Diana, Vilberg, & 

Reder, 2005).   

 The LOP manipulation was removed from the study period, but a non-target 

deep study condition consisting of of 12 randomly occurring words was included in 

the study task.  This was introduced to ensure that ‘retrieval sets’ used by participants 

in Study 2 were similar to those used by participants in Study 1a and b.  Rugg and 

Allen (2000) found that a shallow encoding task elicited different retrieval processes 

relative to a study task where both shallow and deep encoding tasks are used.  The 

inclusion of the non-target deep study task may also reduce boredom in the task that 

may arise due to the inclusion of just one encoding task. 

 A new word list was developed to be used in Study 2 (visual words), and 4a 

and 4b (auditory words) of this thesis.  Words were object names taken from 

Snodgrass and Vanderwart’s (1980) standardised set of 260 pictures.  The pictures of 

these object names were used in Study 3a and 3b.  In this way, each of the subsequent 

experiments conducted in this research programme used stimuli that were equivalent.  

 The aim of Study 2 was to determine if a perceptually oriented priming task 

(i.e., word-identification task) would elicit an ERP old/new effect that was temporally 

and spatially similar to the N400 old/new effect identified in Study 1a.  This aim is 

based upon the proposition that if the N400 old/new effect identified in Study 1a 

represents an index of the visual word form subsystem of the PRS, then a data-driven 

or perceptually oriented priming task should elicit similar temporal and spatial ERP 

old/new effects.  On this basis, the hypotheses of Study 2 were that, a behavioural 

priming effect, characterised by more previously seen fragmented words being 

identified relative to new fragmented words, would be observed; and the 

electrophysiological analyses would show that at a N400 old/new effect would be 
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evident bilaterally across the parietal electrode sites.  This would be characterised by 

more positive amplitudes associated with words in the shallow primed condition 

relative to amplitudes associated with words in the new condition.   

Method 

Participants 

Twenty participants were recruited from Griffith University, School of 

Psychology first year subject pool and received course credit for their participation.  

Behavioural and electrophysiological data from one participant were discarded due to 

insufficient numbers of trials with which to form reliable ERPs for experimental 

conditions.  The remaining 19 subjects included in the analysis had a mean age of 

20.84 years (SD = 4.41); 16 were female.  All participants were right handed, had 

English as their first language, and reported not having a brain injury.  Each gave 

written informed consent prior to participating in the study. The research protocol 

used in the current study, and those used in each of the subsequent studies of this 

thesis, received ethical approval from the Griffith University Human Research Ethics 

Committee (protocol number: PSY/58/03/hec).   

Task and Materials 

 The study employed a word fragment identification test, using a study/test 

paradigm.  Words were presented during a study period, followed by a test, in which 

study (old words) plus new words were presented in a fragmented format.  A 

behavioural indication of visual word-form priming was that more of the old words 

compared to the new words were identified.  Participants were not told prior to 

commencing the tasks that they were completing a memory test, or that the words 

seen at study would be repeated in the identification task.  
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 The study task consisted of two conditions.  The target condition was a 

perceptual or shallow task (termed here the X task) and involved determining whether 

the first and last letter of the word was in alphabetical order.  Possible responses were 

“yes”, “no” or “same”.  The non-target condition was a semantic task (termed here the 

O task) and required the participant to incorporate the word into a meaningful 

sentence and report the sentence aloud.   

A group of 116 words were randomly drawn from the Snodgrass and 

Vanderwart (1980) pool of 260 names of objects. The mean number of letters in the 

words was 5.49 letters (SD = 1.98) and the mean word frequency count (Kucera & 

Francis, 1967) was 39.29 (SD = 97.79).   This list was further subdivided into two lists 

of 48 words and lists were matched for word length and frequency count. Mean word 

length per group was 5.08 (SD = 1.81) and 5.63 (SD = 2.28) letters, and mean 

frequency was 34.06 (SD = 47.84), and 34.98 (SD = 67.64) counts per million.  The 

word lists were counterbalanced across the experimental conditions, ensuring that  

each word  appeared equally often in the old and new conditions.  On this basis, there 

were two study/test lists, and these were rotated across participants to avoid order 

effects. 

A non-target deep study condition was also included in the study task, which 

consisted of 12 randomly occurring words.  This was introduced to ensure retrieval 

sets at test matched those used in Study 1a and b (see introduction to Study 2), to add 

an appearance of randomness, and to reduce the boredom that may be expected if only 

one study condition was repeatedly presented.  These words did not reappear in the 

test.  Eight fillers were presented, four in each of the study and test lists.  Fillers were 

presented at the beginning and end of lists.  Fillers at the beginning of lists were used 

to further acquaint participants with the task and reduce primacy effects, and fillers at 
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the end of the lists were used to reduce recency effects.  In total, 64 words were 

presented at study and 100 words at test 

 Words were fragmented using the Ultrafrag5 software programme.  This 

programme randomly deletes blocks of pixels from images, using methods described 

in Snodgrass et al. (1987).  Pixels are deleted from stimuli at 8 levels, where level 1 

removes most pixels.  In the current study, words were fragmented at level 5.  The 

level of fragmentation was chosen on the basis that sufficient contour was shown to 

enable the key surface features of an object to be recovered (Schendan & Kutas, 

2002).  Figure 18 displays examples of whole and fragmented words used in Study 2. 

  

 

 

 

 

Figure 18.  Examples of whole and fragmented words used in Study 2. 

 

                                                 
5 Ultrafrag is published by Life Science Associates: http://lifesciassoc.home.pipeline.com 
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Words and fragmented words were shown centrally on a computer screen, in 

black letters on a white background. Words and symbols were presented in a bold, 

Arial type-font, and were set at a 48 point font size.  The maximum visual angle 

subtended was 3° horizontally and 0.5° vertically. At study, each trial began with the 

presentation of the pre-item cue, either an X or O character, for 1000 ms.  This cue 

indicated to the participant which study task to complete.  A word followed for 600 

ms, and then finally a question mark for 6 s during which the participant responded 

verbally to the task.  The total time of each study trial was 7600 ms.   

At test, a fixation asterisk was presented for 2100 ms, followed by a blank 

screen for 100 ms, a fragmented word for 600 ms, and then a question mark for 2800 

ms.  During the period the question mark was on the screen, the participant responded 

by first, pressing one of two keys on a response pad, a key marked “yes” if they 

recognised the word or a key marked “no” if they did not, and second, by saying 

either the name of the fragmented word or “don’t know”.  The index and middle 

fingers of the right hand were used to respond.  The position of the ‘yes’ and ‘no’ 

keys were counterbalanced across participants.  The total time of each test trial was 

5600 ms.   A pilot study identified presentation times for the test cues and stimuli that 

best facilitated a priming effect.  Figure 19 schematically illustrates the methodology 

used at study and in the semantic-judgement priming task. 

Participants were tested in an electrically shielded room and an intercom was 

used to determine if participants were correctly completing the study task. 
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Figure 19.  Diagrammatical view of study and test research methodology. 

 

 

Procedure 

Participants provided written informed consent (see Appendix I) and 

completed a medical history pro forma (see Appendix B).  Once the electrode cap was 

fitted, the participant completed the study task, followed by the word fragment 

identification task.  An interval of approximately five minutes separated study and test 

activities.  Participants were told to respond to fragmented words (at test) as quickly 

as possible. Participants were also told that if they could not quickly identify the 

word, then to respond ‘no’ to the word.  Also, participants were informed that the task 

was difficult and that they should not expect to identify all of the fragmented words.  

Instructions for the study task (see Appendix C) and test (see Appendix J) were 

provided in the form of a booklet.  A block of five practice trials preceded the study 

and test. During the test EEG was recorded.  Participants were instructed to remain as 
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still and relaxed as possible and maintain fixation on the centre of the computer 

screen.  Further, participants were instructed to blink and move only when the asterisk 

appeared on the screen.   

EEG Recording    

Scalp EEG was recorded using a 32 channel, unlinked mastoid, Ag/AgCl 

sintered Quick-Cap6.  Electrode locations corresponded to the following sites of the 

modified combinatorial nomenclature for the 10-10 electrode positioning system 

(American Electroencephalographic Society, 1994; Jasper, 1958; Sharbrough et al., 

1991): Fp1, Fp2, F3, F4, F7, F8, Fz, FT7, FT8, FC3, FC4, C3, C4, Cz, CP3, CP4, T7, 

T8, TP7, TP8, P3, P4, P7, P8, Pz, O1, O2, Oz.  These electrode positions are 

displayed in Figure 20.  Separate Ag/AgCl sintered drop lead electrodes were placed 

on the left and right mastoid processes.  Bipolar vertical and horizontal EOG was 

recorded using Ag/AgCl sintered drop lead electrodes placed above the supra-orbital 

ridge of the left eye and below the left eye, and adjacent to the outer canthus of the 

left and right eye.  Recordings were made with respect to the left mastoid process, and 

were re-referenced offline to the computerised average of both mastoid processes.    

Electrode impedance was reduced to below 10kOhms.  A Neuroscan SynAmps2 
TM 

amplifier was used for signal acquisition.  EEG was recorded continuously, digitized 

at a sampling rate of 1000 Hz, and online filtered using a bandpass of 0.15 and 40 Hz.  

Continuous EEG data was divided into epochs beginning 100 ms pre-stimulus and 

ending 1000 ms post-stimulus.  These epochs were baseline corrected using the pre-

stimulus period and offline filtered (bandwidth of 0.15 – 30 Hz).  Trials with eye blink 

artifacts were corrected using a function of the Neuroscan Edit 4.3 software package, 
                                                 
6 At the commencement of Study 2 a change occurred in the type of electrode cap used in this research 
programme.  In Study 1a and 1b a 19 channel cap was used, but from Study 2 onward a 32 channel cap 
was used.  This change was due to an upgrade of the amplifier and headbox used in the 
electrophysiology laboratory, at Griffith University.   As both caps were based on the International 10-
20 electrode placement system, electrode positions remained the same despite the change in cap. 
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which ustilises a regression analysis in combination with artifact averaging to estimate 

and subtract blink-related activity at each electrode site (Semlitsch, Anderer, Schuster, 

& Presslich, 1986).  Trials on which baseline to peak EOG amplitude exceeded 

100μV, baseline-to-peak drift exceeded 60 μV, or saturation of the A/D converters 

occurred, were excluded from averaging.  Data were discarded if there were fewer 

than 15 artifact-free trials in any of the conditions.  

 

 

 

Figure 20.  Modified combinatorial nomenclature for the 10-10 system.  Taken from 

American Encephalographic Society (1994). 
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Results 

ERP waveforms 

 The grand average ERP amplitudes elicited by all of the experimental 

conditions at 26 of the scalp electrodes (of the full 32-channel array) are shown in 

Figure 21.  An inspection of Figure 21 highlighted three ERP components of interest: 

the P100, N100, and the N400 ERP old/new effect.  The P100 effect was prominent 

across occipital sites from approximately 90 ms to 150 ms post-stimulus, with its peak 

at about 115 ms post-stimulus.  The N100 ERP component was visible from parietal 

electrodes to anterior electrodes across the frontal sites.  The latency of this 

component was earliest at posterior sites, as across parietal sites the onset was about 

50 ms post-stimulus (peak of 80 ms post-stimulus), while at frontal sites the onset was 

about 65 ms (peak of 100 ms post-stimulus).   

 Between approximately 300 (to 350) and 500 (to 550) ms post-stimulus a 

N400 ERP old/new effect was present maximally at central, centro-parietal, and 

parietal electrode sites, and was characterised by an attenuated waveform elicited by 

the shallow primed word condition relative to the correctly identified new condition.  
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Figure 21.  Grand average ERP amplitudes elicited by the shallow primed and new conditions at 

scalp electrode sites.  Data are depicted at 26 scalp electrodes that are representative of the full 32-

channel array. 
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Behavioural Data  

 Significantly more studied fragmented words (73 %) were correctly identified 

than new fragmented words (59 %), t (18) = 4.91, p < .001.  This indicates a priming 

effect.   

Electrophysiological Data 

 The logic determining the analyses of the present study is the same as that 

described in Study 1a.  ERPs were computed for two study/response categories: the 

shallow primed condition, and the new condition.  The shallow primed condition 

refers to old words, encoded using the shallow task, that were correctly identified 

when presented in a fragmented format.  The new condition refers to non-repeated 

words that were correctly identified when presented in a fragmented format.  The 

mean amplitudes of these conditions were computed for one temporal period: 300 to 

500 ms (i.e., N400) across six electrode sites: the left and right frontal (F3, F4), 

central (C3, C4), and parietal (P3, P4) electrode sites.  This temporal period is the 

same as that used by Rugg et al. (1998) (Experiment 2: semantic-judgement priming 

task), and an inspection of the current data set (see Figure 21) indicated the 300 to 500 

ms epoch would suitably capture a N400 old/new effect that was apparent at central 

and parietal electrode sites.  Compared to Rugg et al. (1998), two extra electrode sites 

were included in the analyses (i.e., C3, C4).  The inclusion of these electrodes extends 

Rugg et al.'s (1998) analysis to enable detection of ERP components at central 

electrose sites. 

The mean, range and sum of ERP trials per condition were: shallow primed, 

29.84, 25-41, 567; and new, 24.21, 19-36, 460.  The mean, standard deviation and 

standard error of the mean for each condition are displayed in Table 4.  Figure 22 
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displays the grand average ERP amplitudes elicited by the experimental conditions at 

the electrode sites used in the subsequent analyses (F3, F4, C3, C4, P3, P4).   

 

Table 4  

Mean amplitudes (and SEMs) of ERPs (300-500 ms) for the shallow primed and new 

words at the left and right frontal (F3, F4), central (C3, C4), and parietal (P3, P4) 

electrode sites 

 

 F3 F4 C3 C4 P3 P4 

Experimental 
Condition 

M 
(SEM) 

μV 
300 - 500 ms  

 
Shallow Primed .28 

(.80) 

1.27 

(.94) 

1.32 

(.97) 

2.40 

(.95) 

5.76 

(.88) 

5.40 

(1.02) 

New  .13 

(.91) 

.00 

(.85) 

-.30 

(.97) 

.58 

(.88) 

4.19 

(1.01) 

3.63 

(.86) 
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Figure 22.  ERP amplitudes elicited by the shallow primed and the new words at the 

left and right frontal (F3, F4), central (C3, C4), and parietal (P3, P4) electrode sites. 
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 N400 Old/New Effect. 

A three-way within-subjects omnibus ANOVA was conducted on mean 

amplitudes between 300 and 500 ms post-stimulus, for location (frontal, central, & 

parietal), hemisphere (left, right), and word type (shallow primed, new).  This 

revealed main effects for location, F (1.52,27.38) = 18.12, p < .001, and word type, F 

(1,18) = 10.86, p < .01, and significant Location x Hemisphere F (1.79,32.13) = 3.90, 

p < .05, and Location x Hemisphere x Word Type F (2,36) = 3.90, p < .05 interactions   

Mean averages of conditions across the 300 to 500 ms epoch are displayed in Figure 

23. 

To further clarify interactions, a three-way within-subjects ANOVA was 

conducted on the above variables restricted to the central and parietal electrode sites.  

This revealed main effects for location, F (1,18) = 36.89, p < .001, and word type, F 

(1,18) = 13.56, p < .01, and a significant Location x Hemisphere interaction F (1,18) 

= 6.89, p < .05.  

 Planned comparisons were used to determine differences between means for 

word types at the left and right central and parietal electrodes.  Across all sites 

amplitudes associated with the shallow primed conditions were more positive than 

those associated with the new condition (C3: F (1,18) = 11.82, p < .01, ωp
2  = .36; C4: 

F (1,18) = 12.87, p < .01, ωp
2  = .38; P3: F (1,18) = 8.63, p < .01, ωp

2  = .29; P4: F 

(1,18) = 7.10, p < .05, ωp
2  = .24).  This is distinctly evident in Figure 24, which 

shows that ERP mean amplitudes, for the central and parietal shallow primed 

condition minus the new condition (i.e., difference waves), to be significantly 

different to zero.  

Although the effect remained constant, in terms of direction across each 

electrode, the Location x Hemisphere interaction can be explained in terms of 
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differences in strength.  At the central sites, amplitudes across both word conditions at 

the right hemisphere were more positive relative to the left hemisphere, but at the 

parietal electrodes, amplitudes across both word conditions at the left hemisphere 

were more positive relative to the right hemisphere. 
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Figure 23.  Mean (and SEM) ERP amplitudes elicited by the shallow primed and new 

words, between 300 and 500 ms post-stimulus at the left and right frontal (F3, F4), 

central (C3, C4), and parietal (P3, P4) electrode sites.   
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Figure 24.  Mean (and SEM) differences between the amplitude of the 300-500 ms 

latency range of ERPs to the new words and ERPs to the shallow primed words, at the 

left and right frontal (F3, F4), central (C3, C4), and parietal (P3, P4) electrode sites. 

Note. * differs from zero with p < .05; ** differs from zero with p < .005 
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Discussion 

 The aim of Study 2 was to determine if a perceptually oriented priming task 

(i.e., word-identification task) would elicit an ERP old/new effect that was temporally 

and spatially similar to the N400 old/new effect identified in Study 1a.  Such an effect 

would provide evidence that the N400 old/new effect, identified in Study 1a, was a 

correlate of the visual word form subsystem. 

Behavioural Data 

 As hypothesised, the behavioural results of the present study reveal a priming 

effect, with more previously seen fragmented words correctly identified compared to 

new fragmented words.   

Electrophysiological Data: A priori Analyses 

 N400 Old/New Effect. 

 The word-identification task used in the current study elicited a N400 ERP 

old/new effect that was present across central and parietal electrode sites.  This 

supports the hypotheses that a N400 old/new effect, characterised by more positive 

amplitudes associated with words in the shallow primed condition relative to 

amplitudes associated with words in the new condition would be evident bilaterally 

across the parietal electrode sites.  These results resemble the N400 old/new effects 

identified in Study 1a, and provide further evidence that the N400 old/new effect 

identified in Study 1a indexes the perceptual operations of the visual word form 

subsystem of the PRS.   

 In the current study the N400 old/new effect was present at both parietal and 

central electrode sites, which is consistent with functional imaging studies that have 

identified indices of visual word-form priming in mid- to high-level visual processing 

areas, such as the left and right fusiform gyrus (Dehaene et al., 2001; Halgren, 
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Buckner, Marinkovic, Rosen & Dale, 1997) and pre-central gyri (Dehaene et al., 

2001).  However, it must be acknowledged, that the analysis used in the current study 

was limited to central and parietal electrodes, therefore, the N400 ERP old/new effect 

may not be restricted to these sites.  

 The results of the current study replicate the outcomes of the semantic-

judgement priming task (Study 1b).  This outcome, and the insensitivity the semantic-

judgement priming task displayed to the LOP manipulation, suggests that Study 1b 

did elicit the pre-semantic operations of the visual word form subsystem. 

Limitations of Study 2 

 Rugg (1995) and Rugg and Allan (2000a) assert that when attempting to elicit 

an implicit memory effect using ERPs, indirect tasks should include experimental 

manipulations known to influence explicit memory tasks, and that these also provide 

evidence that priming is not the result of explicit memory retrieval strategies.  In this 

way, the implicit memory effect is validated as being genuine.  The visual word form 

priming test used in Study 2, although including mechanisms to reduce the use of 

explicit memory strategies (i.e., a perceptually oriented and speeded task), did not 

provide evidence to show that explicit memory strategies were reduced.   

 Despite this, there is evidence that corroborates the proposal that the N400 

old/new effect observed in Study 2 is an index of the visual word form subsystem and 

not simply the result of explicit strategies.  The electrophysiological properties 

associated with the N400 old/new effect elicited in Study 2 are typical of N400 

old/new effects identified in other ERP studies of visual word-form priming.  Another 

factor which suggests that the N400 old/new effect was not an index of explicit 

memory retrieval is that, between 500 and 800 ms post-stimulus, the expected LPC 

increased positivity associated with explicit memory (as present in the LPC old/new 
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effect identified in Study 1a), was not present.  If the earlier N400 old/new effect was 

the result of explicit memory strategies, it would be expected that the typical LPC 

old/new effect would also be evident.  However this was not the case; the magnitude 

of the difference between the old and new waveforms appeared to be relatively 

constant from approximately 300 ms onwards.     

 Rugg et al.’s (1998) findings and the outcomes of Study 1a and b have each 

shown that words studied in a perceptual or shallow encoding condition elicit a N400 

old/new effect which is maximal at posterior electrode sites.  On this basis an ERP 

priming effect has been established and as a result, it is argued that the LOP 

manipulation is not required to validate the N400 old/new effect in the current study. 

 The N400 old/new effect is increasingly considered an index of priming 

(Pickering & Schweinberger, 2003).  As previously discussed, using words as stimuli, 

experimental manipulations including the LOP manipulation, and changes in form and 

mode between study and test have, in more recent years, been shown to differentially 

modulate this early ERP effect.  People with amnesia have also been shown to elicit a 

N400 old/new effect.  Therefore, since 1998 (Rugg et al.) the N400 old/new 

subcomponent has increasingly been established as a reliable indicator of visual word-

form priming.  This is consistent with the view of Rugg and Allen (2000a) who wrote 

“the view (Rugg, 1995) that there are no convincing examples of ERP correlates of 

implicit memory no longer seems tenable” (p. 809).  On this basis, it is argued that the 

N400 old/new effect is an index of word-form priming, and an experimental 

manipulation, known to differentially modulate the outcomes of visual word-form 

priming and explicit tests, is not required to corroborate this function.   

 The secondary ANOVA used in this analysis was restricted to the central and 

parietal sites (as directed by the hypotheses), which therefore constrained the 
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inferences that could be made concerning the localisation of the N400 ERP old/new 

effect.   An inspection of Figures 21 and 24 indicated that, as the difference between 

the shallow primed condition and new condition was not significantly different than 

zero at the frontal sites, it was appropriate not to include the frontal electrode 

conditions in the analysis.  However, the fact remains that having to restrict the 

number of electrodes used in the analysis (due to the use of the ANOVA) limited the 

potential of the study to locate the memory effect across a wider topography (or 

localise the effect to a particular region). 

Conclusion 

 Using a priming task considered to be a ‘pure’ form of perceptual priming 

(Jacoby & Hayman, 1987; Schacter & Buckner, 1998) behavioural indicator and 

electrophysiological priming effects were elicited that temporally and spatially 

resembled the N400 old/new effect identified in Study 1a.  Study 2 therefore 

corroborates the N400 old/new effect identified in Study 1a an index of the perceptual 

operations of the visual word form subsystem.  The results also provide evidence that 

verifies the reliability of the method used by Rugg et al. (1998) to identify the neural 

correlates of visual word-form priming and explicit memory, thereby enabling the 

pre-semantic nature of the PRS to be empirically tested.    
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CHAPTER FOUR: THE STRUCTURAL DESCRIPTION SUBSYSTEM 

Study3a 

 In 1990 Tulving and Schacter, and Schacter identified the structural 

description system as a subsystem of the PRS.  The structural description subsystem 

processes representations of the global form and structure of visual objects and as a 

result is supported by unique, neural mechanisms.  Experimentally, the structural 

description system is thought to support perceptually oriented object priming or 

implicit memory. Riddoch and Humphreys (1987) coined the term, structural 

description system, to describe an initial stage in object naming, whereby an object 

cue activates associated structural representations which specify the object’s form. 

Later stages of object naming include semantic and phonological processing.  

 Rugg et al. (1998) identified ERP correlates of the visual word form 

subsystem of the PRS using a method that tested priming and explicit memory 

concurrently, and reduced the threat of explicit memory contamination of the priming 

effect.  A successful replication of this method was reported in Study 1a of the current 

research programme, which corroborates the reliability of the method to reproduce 

visual word-form priming and explicit memory effects.  Therefore, the current study 

represents an extension of the methodology of Rugg et al. (1998) in an attempt to 

empirically consider the structural description system.   

 Although a considerable number of studies have identified ERP old/new 

effects associated with object recognition, many fewer have identified ERP old/new 

effects associated with object priming tasks.  The N400 old/new effect has become 

quite a robust index of visual word priming (Pickering & Schweinberger, 2003), but 

this effect has not similarly been identified as subserving object priming.    
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 The aim of the current study was to determine if a neural correlate of the 

structural description subsystem and a neural correlate of object explicit memory 

could be identified.  Further, to determine, using a method that held task conditions 

constant and reduced the chance of explicit memory strategies being employed, if the 

structural description subsystem and object explicit memory were independent by 

identifying dissociations between the qualitative properties of the ERP waveform 

elicited by each type of memory.    

 A number of changes were made to the method of Rugg et al. (1998) to 

facilitate the use of objects as stimuli.  First, changes were made to overcome a 

phenomenon identified in behavioural tests using objects as stimuli, the picture 

superiority effect.  Previous research has shown that items are more likely to be 

remembered experimentally if they are presented as pictures rather than words 

(Nelson, Reed, & Walling, 1976).  An important part of the method used by Rugg et 

al. (1998), which was replicated in the current study, was to compare the shallow 

recognised and shallow unrecognised conditions.  To do this, an appropriate ratio of 

trials included in these conditions was required.  This is especially important in ERP 

studies where the signal-to-noise ratio requires a critical number of trials per 

participant in each of the study conditions.   

 To reduce the picture superiority effect and to ensure an appropriate number of 

shallow forgotten objects resulted in the study, a number of changes were made: the 

interval between study and test was increased to 30 m (cf. 5 m in Study 1a); the study 

response time was reduced to 3.5 s (cf. 10 s in Study 1a); and the test response time 

was reduced to 2.3 s (cf. 2.8 s in Study 1a).  These parameters were determined based 

on data from a pilot study.   
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 In ERP studies of memory, there is a risk associated with increasing the time 

between the initial and repeated presentation of the target stimulus.  ERP old/new 

effects associated with priming have in the past been found to be short-lasting, 

dissipating in less than 15 minutes (Rugg, 1990; Rugg, 1995).  This outcome is 

contrary to the behavioural outcomes of priming tests, where indicators of priming are 

shown to persist many days after the initial presentation of the target (Tulving, 

Schacter, & Stark, 1982).  As a result of this discrepancy between 

electrophysiological and behavioural indicators of priming, some speculation has 

arisen concerning the functional significance of the N400 old/new effects (Rugg, 

1990).  Short-lasting ERP old/new effects would imply the workings of a short-term 

memory system.  A N400 old/new effect (indexing priming) which persisted after 30 

minutes would imply the operations of a long-term memory system.  This outcome 

would provide convincing evidence to bolster the proposition that the N400 old/new 

effect identified in the current study is a correlate of the structural description 

subsystem of the PRS. 

 A change included in the current study was that object lists were increased so 

that 48 objects (cf. 34 in Study 1a) were included in each of the deep, shallow and 

new conditions.  Object lists were increased to overcome limitations identified in the 

methodology of Study 1a that caused a low number of acceptable trials for the 

shallow recognised and shallow unrecognised conditions (see Study 1a for 

discussion). 

Another variation to the methodology of the current study was that participants 

were told at the commencement of the experiment that they were completing a 

memory test.  This is a return to the method employed by Rugg et al. (1998).   In 

Study 1a, participants were not told the true nature of the experiment (i.e., a memory 
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test), because to do so might have encouraged participants to, intentionally or 

unintentionally, use semantic strategies to aid their memory of words in the shallow 

encoding condition.  In the method of Rugg et al. (1998), it is vital that there are an 

equivalent number of trials in the shallow recognised and unrecognised conditions.  If 

too many of the perceptually encoded words are recognised, then the number of trials 

in the shallow unrecognised condition would be reduced, and where the number of 

trials fell below a critical level then poor signal-to-noise ratio would result.  However, 

in hindsight, this change in the method of Study 1a (compared to Rugg et al., 1998), 

might have resulted in a reduction in electrophysiological effects associated with 

familiarity.  For example, unlike Rugg et al. (1998) an FN400 old/new effect was not 

observed in Study 1a (for futher clarification of this difference, see pp. 106-107).  

While the FN400 old/new effect was not a focus of the current research programme, it 

is an ERP memory component of interest in the literature, and as such it would be 

useful to replicate the familiarity effect of Rugg et al. (1998) using objects as stimuli.  

Therefore, to determine if this familiarity effect could be observed, pariticipants in the 

current study were told the true nature of the experiment.  Associated with this 

variation, and as previously discussed, the number of objects in the shallow and deep 

encoding conditions was increased to 48 to ensure that there were an appropriate 

number of trials in the shallow recognised and unrecognised conditions and therefore 

adequate signal-to-noise ration.  

 The hypotheses related to the electrophysiological analyses were directed by 

the outcomes of Study 1a and also PRS theoretical constructs.  PRS theory asserts that 

the subsystems of the PRS are unified by the same rules of operation.  This implies 

that the some of the electrophysiological properties of the N400 old/new effects 

associated with the three different subsystems should overlap.  On this basis, it was 
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expected that the temporal characteristics and the spatial distribution of the object 

N400 old/new effect would in some part resemble the distribution of the visual word 

N400 old/new effect.   

 The following hypotheses were set for testing in Study 3a.  The behavioural 

data elicited by the object recognition test would show that more of the objects 

studied in the deep encoding condition would be recognised relative to objects studied 

in the shallow encoding condition.  The following hypotheses were related to the 

electrophysiological analyses.  First, a N400 old/new effect (indexing the structural 

description system) would be evident bilaterally across the parietal electrode sites.  

This effect would be present independent of recognition accuracy, and not sensitive to 

the LOP manipulation.  That is, amplitudes associated with objects in the shallow 

recognised and shallow unrecognised conditions would not differ, but would be more 

positive than those associated with objects in the new condition.  Second, a LPC 

old/new effect (indexing recollection) would be maximal at the left centro-parietal 

electrode sites.  The effect would be sensitive to the LOP manipulation.  That is, more 

positive amplitudes would be associated with objects in the deep recognised 

condition, compared to those in the shallow recognised and new object conditions. 

Method 

Participants 

 Twenty-two participants were recruited from Griffith University, School of 

Psychology first year subject pool and received course credit for their participation. 

The data from one participant were discarded due to insufficient numbers of trials 

with which to form reliable ERPs for experimental conditions.  The remaining 21 

participants had a mean age of 21.48 years (SD = 5.22); 19 were female.  All 

participants were right handed, had English as their first language, and reported not 
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having a brain injury.  Each gave written informed consent prior to participating in the 

study.  The research protocol used in Study 3a was approved by the Griffith 

University Human Research Ethics Committee (protocol number: PSY/58/03/hec). 

Task and Materials 

 The study employed an object recognition test, using a study/test paradigm.  

Pictures of objects were presented during a study period, followed by a recognition 

test in which study objects (old objects) plus new objects were shown, and 

participants attempted to recognise old objects.  A LOP manipulation was used at 

study, with half of the study objects being used in a perceptual or ‘shallow’ task, and 

half in a semantic or ‘deep’ task.  The perceptual task (termed here the X task) 

involved determining whether the left, outer-most edge was higher than the right, 

outer-most edge of an object.  Possible responses were “yes”, “no” or “same”.  The 

semantic task (termed here the O task) required the participant to incorporate the 

name of the object into a meaningful sentence and report the sentence aloud.  

 A group of 154 objects were randomly drawn from the Snodgrass and 

Vanderwart (1980) pool of 260 black and white line drawings of common objects. 

The mean frequency count (Kucera & Francis, 1967) for the word names of these 

objects was 31.64 per million (SD = 57.23).  From this larger group, objects were 

allocated to three groups of 48 objects, with the remaining objects used as fillers.   

The mean frequency count per target group was matched and was 33.25 (SD = 64.38), 

33.24 (SD = 54.46), and 32.36 (SD = 57.83) counts per million.  The object lists were 

counterbalanced so that each object appeared equally often in the deep, shallow, and 

new conditions.  As a result, three separate study/test lists were used, and these were 

rotated across participants.  Shallow and deep objects were randomly interspersed (cf. 

blocked design) in the study/test lists.  
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 Four fillers were used in the study task and six in the test.  Fillers were 

presented at the beginning and end of lists.  Fillers at the beginning of lists were used 

to further acquaint participants with the task and reduce primacy effects, and fillers at 

the end of the lists were used to reduce recency effects.  In total, 100 objects were 

presented at study, and 150 objects at test. 

 Objects were shown centrally on a computer screen, with black lines on a 

white background. All objects fitted into an 11cm x 11cm space.  The maximum 

visual angle subtended was 3° horizontally and 0.5° vertically. At study, each trial 

began with the presentation of the pre-item cue, either an X or O character, for 1000 

ms.  This cue indicated to the participant which study task to complete.  An object 

followed for 600 ms, and then finally a question mark for 3500 ms during which the 

participant responded verbally to the task.  The total time of each study trial was 5100 

ms. 

 At test, a fixation asterisk was presented for 2100 ms, followed by a blank 

screen for 100 ms, an object for 300 ms, and then a question mark for 2300 ms, during 

which the participant responded by pressing either a ‘yes’ or ‘no’ marked key on a 

response pad.  The index and middle fingers of the right hand were used to respond.  

The positions of the ‘yes’ and ‘no’ keys were counterbalanced across participants.  

The total time of each test trial was 4800 ms.  An intercom was used to listen to 

responses made during the study task, and these were recorded manually on a 

checklist, to determine whether the correct study task was used for each trial.  Figure 

25 illustrates diagrammatically the methodology used at study and test. 
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Procedure 

Participants completed an informed consent (see Appendix K) and a medical 

history pro forma (see Appendix B).  The participant entered a shielded room and 

completed the study activity and was then taken to an adjoining preparatory room 

where the electrode cap was fitted.  The participant re-entered the shielded room and 

completed the recognition test.  An interval of approximately 30 minutes separated 

study and test activities.  Instructions for the study task (see Appendix L) and test (see 

Appendix M) were provided in two separate booklets.  A block of five practice trials 

preceded the study and test. During the test EEG was recorded.  Participants were 

instructed to remain as still and relaxed as possible and maintain fixation on the centre 

of the computer screen.  Further, participants were instructed to blink and move only 

when the asterisk appeared on the screen.  

 
 
 

 
 
 
Figure 25.  Diagrammatical view of study and test research methodology. 
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EEG Recording 

   Scalp EEG was recorded using a 32 channel, unlinked mastoid, Ag/AgCl 

sintered Quick-Cap.  Electrode locations corresponded to the following sites of the 

International 10-20 electrode positioning system (Jasper, 1958; Sharbrough et al., 

1991): FP1, FP2, F3, F4, F7, F8, FZ, FT7, FT8, FC3, FC4, C3, C4, CZ, CP3, CP4, T7, 

T8, TP7, TP8, P3, P4, P7, P8, PZ, O1, O2, Oz.  Separate Ag/AgCl sintered drop lead 

electrodes were placed on the left and right mastoid processes.  Recordings were 

made with respect to the left mastoid process and were re-referenced offline to the 

computerised average of both mastoid processes.  Bipolar vertical and horizontal 

EOG was recorded using Ag/AgCl sintered drop lead electrodes placed above the 

supra-orbital ridge of the left eye and below the left eye, and adjacent to the outer 

canthus of the left and right eye.  Electrode impedance was reduced to below 

10kOhms.  A Neuroscan SynAmps2 
TM amplifier was used for signal acquisition.  

EEG was recorded continuously, digitized at a sampling rate of 1000 Hz, and online 

filtered using a bandpass of 0.15 and 40 Hz.  Continuous EEG data was later divided 

into epochs beginning 100 ms pre-stimulus and ending 1000ms post-stimulus.  These 

epochs were baseline corrected using the pre-stimulus period and offline filtered 

(bandwidth of 0.15 – 30 Hz).  Trials with eye blink artifacts were corrected using a 

function of the Neuroscan Edit 4.3 software package, which ustilises a regression 

analysis in combination with artifact averaging to estimate and subtract blink-related 

activity at each electrode site (Semlitsch, Anderer, Schuster, & Presslich, 1986). 

Trials on which baseline to peak EOG amplitude exceeded 100μV, baseline-to-peak 

drift exceeded 60 μV, or saturation of the A/D converters occurred, were excluded 

from averaging.  Data were discarded if there were fewer than ten artifact-free trials in 

any of the conditions (Finnigan et al., 2002).   
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Results 

ERP waveforms 

 Figure 26 displays the grand average ERP amplitudes across scalp electrodes 

for the four experimental conditions (deep recognised, shallow recognised, shallow 

unrecognised, and new) resulting from the object recognition test.  Two early ERP 

components observed in the data set were: the P100, which was present across the 

occipital electrode sites; and the N100, which was predominantly present for 

unrecognised objects that had previously been encoded using the shallow task.  The 

onset and peak of the P100 for objects was about 65 ms and 115 ms post-stimulus, 

respectively.  This indicates that this P100 effect occurs about 25 ms earlier than the 

P100s elicited by visual words, in Studies 1a, 1b and 2 of this thesis.  Prior research 

has shown that differences between early ERP components, including variations in 

latency, occur because of sensory or physical characteristics of the stimuli.  On this 

basis, the difference in latency between the word and object P100s might be due to the 

distinctiveness of the physical characteristics of pictures compared to words. 

 The N100 component for the shallow unrecognised object condition appeared 

to occur predominantly at scalp sites across the left hemisphere, and earliest at the 

frontal sites.  This component commenced soon after the presentation of the stimulus 

and peaked at frontal sites at about 60 ms post-stimulus.  The N100 ERP component 

was present for all experimental conditions across a number of right hemisphere sites, 

including the right parietal site.  This difference across hemispheres was not a 

characteristic of the N100 component evident in the earlier studies of this thesis where 

visual words were used as stimuli.   

 Differences between experimental conditions were observed at epochs that 

prior studies have used to capture N400 and LPC ERP old/new effects.  For example, 
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between approximately 300 and 465 ms post-stimulus at the right parietal scalp site 

(i.e., P4), old object conditions display an attenuated N400 waveform relative to the 

waveform associated with the correctly identified new object condition.  This effect, 

termed the N400 ERP old/new effect has been typically identified (in prior research) 

using a temporal window of 300 to 500 ms post-stimulus.   

 Further, present in the data set, between about 470 and 800 ms post-stimulus 

was a LPC old/new effect, predominant at left and midline central, centro-parietal, 

and parietal electrode sites.  Across this epoch, recognised objects, previously studied 

using a deep encoding task (i.e., deep recognised condition), elicited a large positive 

peak relative to other word conditions. 

 The latency of the epochs across which the N400 and LPC old/new effects 

were observed are consistent with the epochs that previous studies have used to 

capture these ERP effects.  On this basis, subsequent analyses were undertaken using 

the following epochs: N400 old/new effect, 300 to 500 ms; LPC old/new effect, 500 

to 800 ms.   
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Figure 26. Grand average ERP amplitudes elicited by the deep recognised (Deep Rec), shallow 

recognised (Shall Rec), shallow unrecognised (Shall Unrec), and new object conditions at scalp 

electrode sites. Data are depicted at 26 scalp electrodes that are representative of the full 32-

channel array.  
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Behavioural Data 

 More objects encoded in the deep study condition were recognised (90%) than 

those studied in the shallow condition (61%), t (20) = 9.83, p < .001.  This reflects a 

LOP effect (Craik & Lockhart, 1972).  Of the new objects, 89% were correctly 

classified as new. 

Electrophysiological Data 

The logic determining the analyses of the present study is the same as that 

described in Study 1a.  ERPs were computed for 4 study/response categories: the deep 

recognised condition, the shallow recognised condition, the shallow unrecognised 

condition, and the new condition.  For the a priori analyses, the mean amplitudes of 

these conditions were formed across two temporal periods: 300 to 500 ms (i.e., N400) 

and 500 to 800 ms (i.e., LPC) for six electrode sites: the left and right frontal (F3, F4), 

central (C3, C4) and parietal (P3, P4) electrode sites.  These temporal periods are the 

same as those used by Rugg et al. (1998).  Compared to Rugg et al. (1998) two extra 

electrode sites were included in the analyses (i.e., C3, C4).  The inclusion of these 

electrodes extends Rugg et al.'s (1998) analysis to enable detection of ERP 

components at central electrode sites.   For the exploratory analyses the mean 

amplitudes of the above conditions were formed across one temporal period, 150 to 

300 ms (i.e., P200), for six electrode sites: the left and right frontal (F3, F4), central 

(C3, C4), and parietal (P3, P4) electrode sites.   

The mean, range and sum of ERP trials per condition were: deep recognised, 

32.29, 22-43, 678; new, 33.76, 27-43, 709; shallow recognised, 22.81, 13-32, 479; and 

shallow unrecognised, 16, 10-31, 336.  The mean and standard error of the mean for 

each condition are displayed in Table 5.   
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Table 5 

Mean amplitudes (and SEMs) of ERPs (150-300ms, 300-500 ms, 500-800 ms) for the 

deep recognised (Deep Rec), shallow recognised (Shallow Rec), shallow 

unrecognised (Shallow Unrec), and new objects at the left and right frontal (F3, F4), 

central (C3, C4) and parietal (P3, P4) electrode sites 

  F3 
 

F4 C3 C4 P3 P4 

Experimental 
Condition 

M 
(SEM) 

μV 
300 – 500 ms  

 
Deep Rec -.48 

(1.07) 

-.38 

(1.01) 

1.35 

(.95) 

.93 

(.92) 

4.76 

(1.00) 

3.13 

(.75) 

Shall Rec -.79 

(1.03) 

-.64 

(.88) 

-.01 

(1.06) 

-.05 

(.88) 

3.09 

(.81) 

2.39 

(.66) 

Shall Unrec -1.95 

(1.07) 

-1.41 

(1.10) 

-.43 

(1.00) 

-.04 

(.98) 

3.38 

(.75) 

2.40 

(.58) 

New -1.92 

(1.03) 

-1.85 

(.86) 

-1.18 

(.88) 

-1.05 

(.75) 

2.00 

(.70) 

.80 

(.60) 

500 – 800 ms       

Deep Rec 1.72 

(.80) 

2.13 

(.78) 

5.62 

(.68) 

6.10 

(.65) 

4.13 

(.84) 

2.05 

(.66) 

Shall Rec 1.48 

(.72) 

1.87 

(.67) 

3.59 

(.76) 

4.11 

(.59) 

.54 

(.74) 

-.67 

(.80) 

Shall Unrec .42 

(.92) 

1.61 

(.80) 

2.31 

(.69) 

4.43 

(.83) 

.27 

(.69) 

-.35 

(.72) 
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  F3 
 

F4 C3 C4 P3 P4 

Experimental 
Condition 

M 
(SEM) 

μV 
New  .64 

(.80) 

1.44 

(.71) 

3.18 

(.57) 

4.77 

(.48) 

1.19 

(.67) 

.09 

(.63) 

150 – 300 ms       

Deep Rec .61 

(.88) 

.80 

(.86) 

2.19 

(.83) 

1.79 

(.87) 

6.23 

(.86) 

5.27 

(.73) 

Shallow Rec 1.17 

(.74) 

1.13 

(.67) 

1.92 

(.82) 

1.71 

(.70) 

5.50 

(.83) 

4.88 

(.65) 

Shall Unrec .03 

(.88) 

.49 

(.79) 

2.30 

(.90) 

2.04 

(.73) 

6.29 

(.97) 

5.63 

(.97) 

New .12 

(.72) 

.30 

(.63) 

1.15 

(.78) 

1.01 

(.67) 

5.09 

(.86) 

4.15 

(.76) 
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 N400 Old/New Effect.  

The grand average ERP amplitudes, elicited by the shallow recognised, 

shallow unrecognised, and new object conditions at electrodes sites used in the current 

analysis are displayed in Figure 27.  A three-way within-subjects omnibus ANOVA 

was conducted on mean amplitudes between 300 and 500 ms post-stimulus, for 

location (frontal, central, & parietal), hemisphere (left, right), and object type (shallow 

recognised, shallow unrecognised, new).  This revealed main effects for location, F 

(1.37,27.47) = 9.65, p < .01, and object type, F (1.30,25.96) = 4.38, p < .05, and 

Location x Hemisphere interactions, F (2,40) = 4.86, p < .05.  Mean averages for the 

experimental conditions across the 300 to 500 ms epoch are displayed in Figure 28. 

To further clarify interactions, a two-way within-subjects ANOVA was 

conducted on the above variables restricted to the right central and parietal electrode 

sites.  This revealed main effects for location, F (1,20) = 5.47, p < .05, and object 

type, F (1.32,26.37) = 4.02, p < .05.   

Separate planned comparisons at the right parietal site revealed that 

amplitudes associated with both types of shallow object conditions were not different, 

but both were associated with more positive amplitudes compared to the new 

condition (shallow recognised: F (1,20) = 12.37, p < .01, ωp
2  = .35; shallow 

unrecognised: F (1,20) = 6.81, p < .05, ωp
2  = .22).  At the right central site amplitudes 

associated with the shallow recognised condition were more positive than those 

associated with the new condition, F (1,20) = 8.61, p = .01, ωp
2  = .27.  Total means of 

the conditions, collapsed across locations, revealed that amplitudes associated with 

the right parietal location were significantly more positive than those associated with 

the right central location (P4: M = 1.87, SEM = .49; C4: M = -.38, SEM = .81). 
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A two-way within-subjects ANOVA was conducted on the above variables 

restricted to the left central and parietal electrode sites.  This revealed a main effect 

for location, F (1,20) = 15.47, p < .01.  Total means of the conditions, collapsed 

across locations, revealed that amplitudes associated with the left parietal location 

were significantly more positive than those associated with the left central location 

(P3: M = 2.82, SEM = .67; C3: M = -.54, SEM = .92). 

At both frontal electrodes, amplitudes associated with the shallow recognised 

condition were more positive relative to amplitudes associated with the new condition 

(F3: F (1,20) = 4.68, p < .05, ωp
2  = .15; F4: F (1,20) = 12.01, p < .01, ωp

2  = .34). 
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Figure 27.  ERP amplitudes elicited by the shallow recognised (Shall Rec), shallow 

unrecognised (Shall Unrec), and the new objects at the left and right frontal (F3, F4), 

central (C3, C4), and parietal (P3, P4) electrode sites. 
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Figure 28.  Mean (and SEM) ERP amplitudes elicited by the shallow recognised 

(Shall Rec), shallow unrecognised (Shall Unrec), and the new objects, 300-500 ms 

post-stimulus at the left and right frontal (F3, F4), central (C3, C4), and parietal (P3, 

P4) electrode sites. 

  

 

 LPC Old/New Effect (500-800 ms). 

The grand average ERP amplitudes elicited by the deep recognised, shallow 

recognised, and new object conditions, at the left and right frontal, central, and 

parietal electrodes are shown in Figure 29.  A three-way within-subjects omnibus 

ANOVA was conducted on mean amplitudes between 500 and 800 ms post-stimulus, 

for location (frontal, central, & parietal), hemisphere (left, right), and object type 

(deep recognised, shallow recognised, new).  This revealed main effects for location, 

F (2,40) = 18.99, p < .001, and object type, F (2,40) = 12.17, p < 001, and Location x 

Hemisphere, F (1.44,28.88) = 12.49, p < .001, Location x Object Type, F (2.58,51.68) 

= 7.13, p < .01, Hemisphere x Object Type interactions, F (2,40) = 4.10, p < .05.  



 173

Mean averages for the deep recognised, shallow recognised, and new conditions, 

across the 500 to 800 ms epoch are displayed in Figure 30. 
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Figure 29.  ERP amplitudes elicited by the deep recognised (Deep Rec), shallow 

recognised (Shall Rec), and the new objects at the left and right frontal (F3, F4), 

central (C3, C4), and parietal (P3, P4) electrode sites. 
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Figure 30.  Mean (and SEM) ERP amplitudes elicited by the deep and shallow 

recognised object conditions (Deep Rec, Shall Rec), and the new object condition 

between 500 and 800 ms post-stimulus at the left and right frontal (F3, F4), central 

(C3, C4), and parietal (P3, P4) electrode sites.   

 

 

To further clarify interactions, a three-way within-subjects ANOVA was 

conducted on the above variables restricted to the central and parietal electrode sites.  

This revealed a main effect for location, F (1,20) = 47.24, p < .001, object type, F 

(2,40) = 15.33, p < .001, and significant Location x Hemisphere, F (1,20) = 21.44, p < 

.001, and Hemisphere x Object Type interactions, F (2,40) = 6.78, p < .01. 

 Planned contrasts were used to determine differences between means for 

object types at all central and parietal electrode sites.  At the left and right central and 

parietal electrode sites, amplitudes associated with the deep recognised condition were 

more positive than those associated with both the shallow recognised and new 

conditions, (C3: shallow recognised: F (1,20) = 19.10, p < .001, ωp2  = .46, new: F 
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(1,20) = 14.37, p < .01, ωp2  = .39, C4: shallow recognised: F (1,20) = 13.63, p < .01, 

ωp2  = .38, new: F (1,20) = 10.39, p < .01, ωp2  = .31; P3: shallow recognised: F 

(1,20) = 37.24, p < .001, ωp2  = .63, new: F (1,20) = 20.48, p < .001, ωp2  = .48; P4: 

shallow recognised: F (1,20) = 17.35, p < .001, ωp2  = .44, new: F (1,20) = 16.83, p < 

.01, ωp2  = .43).   

Although the deep recognised condition was more positive than other 

conditions at each site, the Location x Hemisphere interaction can be explained by 

differences related to strength.  At the central sites, amplitudes across all object 

conditions at the right hemisphere were more positive relative to the left hemisphere 

(C4: M = 5.00, SEM = .51; C3: M = 4.13, SEM = .59) while at the parietal electrodes, 

amplitudes across all object conditions at the left hemisphere were more positive 

relative to the right hemisphere (P3: M = 1.96, SEM = .66; P4: M = .49, SEM = .60). 

Figure 31 displays mean ERPs for the three different study/response 

conditions minus the new condition at the N400 and LPC temporal periods.  This 

figure is used to display the differing effects the LOP manipulation has across 

temporal windows.  Between 300 and 500 ms post-stimulus, at the right parietal 

electrode, all old conditions differ from zero (i.e., new condition) at a similar 

magnitude.  However, at the subsequent temporal period (500 to 800 ms post-

stimulus), and at both parietal sites, only the deep recognised condition remains 

significantly different to zero.  Therefore, the former ERP component is insensitive to 

the LOP manipulation, while the latter component is not sensitive to the LOP 

manipulation. 
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Figure 31.  Mean (and SEM) differences between the amplitude of the 300-500 ms 

and 500-800 ms latency ranges of ERPs to the new objects and ERPs to the deep 

recognised (Deep Rec), and the shallow recognised (Shall Rec) and unrecognised 

(Shall Unrec) objects, at the left and right frontal (F3, F4), central (C3, C4), and 

parietal (P3, P4) electrode sites. 

Note. * differs from zero with p < .05; ** differs from zero with p < .005 
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 P200 Old/New Effect. 

 Rugg et al. (1998) did not identify a P200 old/new effect.  However, a viewing 

of the data suggested that object type differences may exist in the current study at this 

temporal window for central and parietal electrode sites.  Interestingly, at the parietal 

electrode sites the means associated with the deep recognised and shallow 

unrecognised conditions were more positive to new objects, a similar finding to the 

P200 outcomes in Study 1a.  Therefore, exploratory post hoc analyses were conducted 

to determine if differences existed between object types at the P3, and P4 electrode 

sites, between 150 and 300 ms post-stimulus.  Alpha was set at .017 as directed by the 

Bonferonni t correction when three single-df comparisons are conducted.   

 A two-way within-subjects ANOVA was conducted on mean amplitudes 

between 150 and 300 ms post-stimulus, for hemisphere (left, right), and object type 

(deep recognised, shallow recognised, shallow unrecognised, new).  Although there 

was no significant results, there was a tendency toward an object type effect, F (3,60) 

= 2.48, p = .07.  

 Single-df within-subjects ANOVAs were used to determine differences 

between the deep recognised, shallow recognised, shallow unrecognised and new 

conditions at the P4 site (the same electrode site that the N400 old/new effect was 

identified).  Analyses were conducted at the P4 site as in Study 1a, it was found that 

the P200 old/new effect was present at the same sites as the N400 old/new effect 

(indexing priming).  In the current study, at the P4 electrode site, there was a tendency 

toward both old conditions being significantly more positive than the new condition 

(deep recognised: F (1,20) = 5.42; p = .03, ωp
2  = .17; shallow unrecognised: F (1,20) 

= 4.83, p < .04, ωp
2  = .15).  No difference existed between the shallow recognised and 

new conditions.  
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Discussion 

 The aim of Study 3a was to determine if neural correlates of the structural 

description subsystem and object explicit memory could be identified.  Further, to 

investigate whether these types of memory were independent of each other, using a 

method that tested both types of memory concurrently and reduced the risk of explicit 

memory contaminating the object priming results.  Positive results would provide 

convincing evidence that the structural description subsystem is independent of 

explicit memory.  Further, they would elucidate some functions and properties of the 

structural description subsystem.  These include the perceptual and non-conscious 

manner in which it operates, the early latency of its operations, and the long-lasting 

persistence of its effects.  A further aim of this study was to describe the 

electrophysiological properties of the N400 and LPC old/new effects, when pictures 

of objects were used as stimuli.  ERP studies have in the past primarily used verbal 

stimuli, and few studies have highlighted the qualitative properties of ERP old/new 

effects associated with non-verbal stimuli.   

Behavioural Data 

 As expected, more objects encoded using a conceptual or deep study task were 

recognised than those encoded using a perceptual or shallow task.  In accordance with 

the LOP theory, this memory advantage results from the elaborative rehearsal 

strategies used when completing the deep encoding task (Craik & Lockhart, 1972).   

 Interestingly, compared to Study 1a, fewer stimuli encoded using the deep task 

were recognised (Study 1a: 95%; Study 3a: 90%), and more stimuli encoded using the 

shallow task were recognised (Study 1a: 46%; Study 3a: 61%).  So, compared to 

Study 1a, rates of recollection were slightly reduced while rates of familiarity were 

increased.  According to the dual-process model of recognition memory, recollection 
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memory is assumed to be the conscious retrieval of specific information about the 

encoding episode, while familiarity is a more automatic process which occurs without 

the phenomenological experience of remembering (Jacoby, 1991; Mandler, 1980; 

Yonelinas, 1999).  On this basis, recognised objects encoded using the deep and 

shallow tasks represent examples of recollection and familiarity, respectively.  An 

explanation that might account for the prescribed changes to the rates of recognition is 

that changes made to the methodology of the current study negatively affected 

recollection, but not familiarity.  More specifically, reducing the time periods 

participants had to respond to the study tasks and test (as implemented in the current 

study), may have reduced the use of semantic strategies, thus interfering with 

recollection while not similarly impeding the less source-oriented processes of 

familiarity.    

Electrophysiological Data: A priori Analyses 

 N400 Old/New Effect. 

 The N400 old/new effect present in the current study only partially supported 

the associated hypotheses because it was not present bilaterally across the parietal 

electrodes; rather the effect was present only at the right parietal electrode site.  

Between 300 and 500 ms post-stimulus at the right parietal electrode site, amplitudes 

associated with the shallow recognised and shallow unrecognised conditions did not 

differ but both were more positive than amplitudes associated with the new 

conditions.   

 Four arguments can be used to support the notion that the N400 old/new effect 

observed in the current study is a correlate of the structural description subsystem.  

First, the effect is insensitive to the LOP manipulation, which implies a pre-semantic 

operation.  Second, the effect is independent of recognition, as corroborated by the 
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fact that that between 300 and 500 ms post-stimulus at the right parietal electrode site, 

the magnitude of  the difference between the old object types (independent of 

recognition) and the new object type was equivalent (see Figure 31).  This indicates 

that the N400 old/new effect was not modulated by conscious recognition.  Third, the 

N400 old/new effect persisted across a 30 minute interval between first and second 

viewing of the target.  As previously discussed, in the past, ERP old/new effects 

associated with priming have only remained present for approximately 15 minutes 

(Rugg, 1995), despite the fact that priming effects in behavioural tests persist across 

longer periods, including days.  The longer lasting N400 old/new effect present in the 

current study indicates that this old/new effect is a correlate of the structural 

description subsystem (which is a long-term memory system).  A final argument that 

supports the proposition that the N400 old/new effect evident in the current study is 

an index of the structural description subsystem is that it occurred at an earlier latency 

than the explicit memory correlate: the N400 old/new effect was present between 300 

and 500 ms post-stimulus but the LPC old/new effect was present between 500 and 

800 ms post-stimulus.  This is consistent with an expectation that a perceptually 

oriented ERP component would precede a semantically oriented component (Luck, 

2005).   

 LPC Old/New Effect (500-800 ms).  

 As hypothesised, a LPC old/new effect was present between 500 and 800 ms 

post-stimulus across central and parietal electrodes, and maximal at the left parietal 

site.  This effect was characterised by more positive amplitudes associated with 

objects in the deep recognised condition, compared to objects in the shallow 

recognised and new conditions.  Prior studies have similarly observed left parietal 
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LPC old/new effects elicited by object recognition tests (Schloerscheidt & Rugg, 

1997; Tsivilis, Otten, Rugg, 2001).   

 As expected, the ERP old/new effect at this latency was modulated by the 

LOP manipulation as ERPs to objects in the deep recognised condition (cf., shallow 

recognised condition) were more positive going relative to those to new objects.  

Therefore, the current study provided further evidence to support the recollective 

nature of the LPC old/new effect.  

 Dissociation between Implicit and Explicit Memory. 

As hypothesised, qualitative differences between correlates associated with 

object priming and explicit memory were identified in this study.  The N400 old/new 

effect (indexing the structural description subsystem) was present at the right parietal 

electrode site, while the LPC old/new effect (indexing recollection) was present 

across centro-parietal electrodes but maximal at the left hemisphere.  Further, the LOP 

manipulation differentially modulated the N400 and LPC old/new effects.  Figure 31 

indicates that the magnitude of the memory effects at the right parietal site for the 

three classes of studied objects (deep recognised, shallow recognised, and shallow 

unrecognised) differs across the N400 and LPC time windows.  Whereas ERPs did 

not generally differ as a function of study task at the N400 period, they did at the LPC 

temporal window.  On this basis, a dissociation between implicit and explicit memory 

has been identified.  This dissociation has been established under conditions that 

ensure differences are not due to different task constraints and where explicit memory 

strategies have not contaminated priming results.  This result provides convincing 

evidence that the PRS is an independent memory system. 

 Hemispherical Asymmetries. 
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 In the current study, a correlate of object priming was identified at the right 

parietal electrode site (relative to the left parietal and left and right central electrode 

sites).  This outcome is consistent with the view that perceptually oriented tasks, 

where pictures of objects are used as stimuli, elicit a right hemisphere advantage.  

Findings from neuropsychological studies, divided visual field studies, and 

neuroimaging studies have converged to support this finding.  For example, 

neuropsychological studies of patients with unilateral lesions have shown that lesions 

of the right hemisphere, compared to those of the left hemisphere, produce severe 

impairment in: perceptual closure tasks (Viggiano & Pitzalis, 1998; Warrington & 

Taylor, 1973; 1978); identification tasks where objects are presented in foreshortened 

views (Humphreys & Riddoch, 1984); and tasks requiring the mental rotation of 

objects (Farah & Hammond, 1988).  Neuroimaging studies have localised perceptual 

priming effects (or form-specific priming) to the right fusiform cortex (Vuilleumier, 

Henson, Driver, & Dolan, 2002).  Divided visual field studies have similarly shown 

that form-specific object priming is obtained from the right hemisphere (Marsolek, 

1999; Marsolek, Kosslyn, & Squire, 1992; Marsolek, Squire, Kosslyn, & Lulenski, 

1994).   

 Both the LPC old/new effect observed in this study for objects, and in an 

earlier study of this thesis for words (Study 1a), were found to be maximal at the left 

parietal electrode site (compared to other central and parietal electrodes).  Other ERP 

studies have similarly identified LPC old/new effects to be distinct at left posterior 

sites.  For example, Schloerscheidt and Rugg (1997), concurrently tested object and 

word recognition using ERPs, and found that recognised stimuli, independent of type 

(objects or words), elicited a LPC old/new effect at left temporo-parietal sites.  On 

this basis, Schloerscheidt and Rugg contended that the LPC old/new effect may not 
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reflect the operations of the medial temporal lobe memory system which typically 

elicits a left advantage for verbal memory, and a right advantage for picture memory 

(Smith, 1989; Warrington & Taylor, 1973).  Schloerscheidt and Rugg’s premise for 

this assertion was that, if the medial temporal lobe memory system was involved in 

generating the LPC old/new effect then the verbal and object LPC old/new effect 

would be localised to different hemispheres.   

 A further explanation offered by Schloerscheidt and Rugg, of the left 

localisation of the LPC old/new effect (independent of mode of stimuli) was that 

participants used verbal processes to encode and retrieve objects, and therefore the left 

medial temporal region was activated for both modes of stimuli.  However, because 

different frontal patterns were associated with the word and object conditions, 

Schloerscheidt and Rugg argued that the left lateralisation of the LPC old/new effect 

was not due to the verbalisation of objects during the memory process.   

 While these researchers were unable to identify the processes or systems that 

subserve the LPC old/new effect, they provided evidence that indicated that this effect 

was not a correlate of the operations of the medial temporal lobe memory system.  

The observation of this thesis that the LPC old/new effect was markedly distinct at the 

left parietal site for both visually presented words (Study 1a) and objects (Study 3a) 

supports this conclusion.  However, the left lateralisation of the LPC old/new effect 

identified in Study 3a may also be due to participants using verbal memory techniques 

to memorise objects, because the deep encoding task required participants to generate 

a sentence using the name of the object.  Given that words and objects were tested in 

separate studies, ERP effects across other electrodes were unable to be equivalently 

compared (as per Schloerscheidt and Rugg), to determine if a single process or 
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system, such as verbalisation of stimuli, underpins the LPC old/new effect for words 

and objects.    

Electrophysiological Data: Exploratory Analyses 

 P200 Old/New Effect. 

  In the earliest latency period examined, between 150 and 300 ms post-

stimulus, there was a tendency toward an ERP old/new effect being present for the 

deep recognised and shallow unrecognised word conditions at the right parietal site.  

This was evident as both types of old word types were associated with more positive 

amplitudes than correctly identified new words.  Amplitudes associated with words in 

the shallow recognised condition were not different than correctly identified new 

words.  A similar effect was identified in Study 1a at the central and parietal sites. 

 In Study 1a, it was tentatively proposed that this effect may represent an index 

of an early memory search.  Previous studies have identified P200 differences 

between recollection and familiarity (Diana, Vilberg, & Reder, 2005), and implicit 

memory and familiarity (Curran & Dien, 2003).  In these studies, amplitudes 

associated with recollection and implicit memory were more positive than those 

associated with familiarity.  In the previous discussion (Study 1a), it was proposed 

that the difference in old word types may be due to differences in the way stored 

representations are retrieved.  Prior research suggests that to some degree both 

recollection and priming rely upon context specific information associated with the 

stimulus, while familiarity does not.  Perhaps this early memory search reflects this 

difference. 

 Interestingly, in Study 1a and the current study, the P200 old/new effect was 

present at electrode sites where the N400 old/new effect was subsequently identified.  

For example, in Study 1a the P200 was present at parietal sites, as was the N400 
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old/new effect, and in the current study there was a trend for the P200 effect being 

present at the right parietal site which is where the N400 old/new effect was observed 

in the current study.  This similarity across studies might indicate that the early 

memory search (of the P200) is related to the retrieval of perceptual information 

which is subsequently used to facilitate perceptual priming effects.  

Limitations of Study 3a 

  Despite increasing the number of words in each of the deep, shallow, and new 

conditions in the current study (compared to Study 1a) the shallow recognised (M = 

22.81; R = 13-32) and shallow unrecognised conditions (M = 16; R = 10-31) 

continued to elicit, for some participants, a reduced number of trials.  Two strategies 

employed in Study 1a were also used in the current study in an attempt to reduce the 

negative outcomes that might be associated with smaller trial numbers.  The sample 

size of the current study was increased to twenty-one.  A previously used criterion of 

10 artifact-free trials per condition (Finnigan, Humphreys, Dennis, & Geffen, 2002) 

was used as a means of rejecting or accepting a participant’s data.   

  The significant differences identified between conditions in the current study, 

which resemble those identified by Rugg et al. (1998), and the lower variability due to 

the within-subjects nature of the design, suggest that the results represent genuine 

effects.   

 The omnibus ANOVA undertaken to determine N400 old/new effects, resulted 

in an location x hemisphere interaction, indicating that a hemisphere effect was 

differentially affecting the means at the different electrode sites.  On the basis of this 

interaction, and despite the direction of the hypothesis which predicted that a N400 

old/new effect to be present bilaterally across the parietal electrodes, two secondary 

ANOVAs were conducted.  One was restricted to the left centro-parietal electrodes 
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and the other to the right centro-parietal electrodes.  The outcomes of these ANOVAs 

directed the subsequent planned comparisons and from these it was determined that 

the N400 old/new effect was maximal at the right parietal electrode site.  Due to the 

type of analysis undertaken, this conclusion can only be made in reference to the left 

and right central and left parietal sites.  This constraint imposed on the outcomes of 

this study also applies to the findings of the LPC old/new effect, which was maximal 

at the left parietal electrode site, compared to the left and right central sites, and right 

parietal sites.   

Conclusion  

The current study successfully identified neural correlates of the structural 

description subsystem and explicit memory.  A N400 old/new effect (indexing the 

structural description subsystem) was present at the right parietal electrode site, and a 

LPC old/new effect (indexing recollection) was identified bilaterally at the centro-

parietal electrodes (maximal at the left parietal site).  The electrophysiological 

properties of these two effects (i.e., spatial and temporal characteristics) indicate that 

qualitative differences existed between the two correlates.  A further difference is that 

the LOP manipulation differentially modulated the N400 and LPC old/new effects.  

On the basis of these differences, a dissociation between the structural description 

subsystem and recollection memory was identified in the current study.  It is believed 

that this study represents the first reporting of an implicit/explicit memory 

dissociation using objects as stimuli, where methodology suitably controls for task 

effects and where implicit memory effects are identified using a method that suitably 

reduces explicit memory retrieval strategies.   

The current study also identified a number of functional properties of the 

N400 old/new effect which indicate that it is a correlate of the structural description 
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subsystem.  For example, the N400 old/new effect observed in the current study is not 

modulated by the LOP manipulation, it is not dependent on accurate recognition, it 

occurs at an early latency, and it is present after a 30 minute interval.  This evidence 

corroborates that the N400 old/new effect is a correlate of the structural description 

subsystem.  These outcomes converge with the conclusions of neuropsychological and 

behavioural studies concerning the properties of the PRS.  The current study is also 

one of the earliest to report N400 old/new effects when pictures of objects are used as 

stimuli.   

 A further outcome of the current study is that ERP old/new effects were 

observed for object priming and object recollection.  ERP studies of priming and 

recollection have largely included visual words as stimuli, and of those that have used 

pictures of objects as stimuli, these have focussed on recollection.  As a result, the 

N400 old/new effect has not been established as an index of object priming.  The 

current study has shown that the N400 old/new effect is an index of the structural 

description subsystem which is involved in object priming.   
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Study 3b 

 A limitation of the methodology used in Study 3a was that, although an 

electrophysiological correlate of the structural description subsystem was identified 

(i.e., N400 old/new effect), a corresponding behavioural measure of object priming 

was not gained.  Study 3b represents a means of strengthening the assertion that the 

N400 old/new effect observed in Study 3a is indeed a correlate of the structural 

description subsystem of the PRS.  This study is an extension of the methodology 

used by Rugg et al. (1998).   

 The current study employs an object-identification task to elicit behavioural 

and electrophysiological effects associated with object priming.  Because the current 

research is concerned with the functions and properties associated with the PRS, a 

perceptually oriented priming task is used to confirm that the N400 old/new effect 

identified in Study 3a is in fact a correlate of the structural description subsystem of 

the PRS.   

The identification task was chosen because it was perceptually oriented 

(Weldon, 1991; Hashtroudi, Ferguson, Rappold, & Chrosniak, 1988), it could be used 

relatively equivalently with visual and auditory words (Church & Schacter, 1994), and 

objects (Butters, Heindel, & Salmon, 1990), and it could be operationalised for use 

with ERPs.  It was important that each mode of stimuli could be incorporated into the 

priming task, as the current thesis is concerned with identifying correlates of each 

mode of the PRS (i.e., visual word, structural, and auditory word form systems of the 

PRS).  

 In the object-identification test, participants are first exposed to pictures of 

objects in a whole format and are later required to identify these same pictures plus 

new pictures shown in a degraded format (i.e., pixels missing).   Participants are not 
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told prior to completing the test that it is a memory test and priming is said to occur if 

more old objects are accurately identified at test compared to new objects.  This test is 

a perceptually oriented test, as identification involves the process of perceptual 

closure, whereby fragmented objects are perceived as a perceptual whole or gestalt 

(Viggiano & Pitzalis, 1998).  Previous research using this test has shown that stimulus 

identification is improved by a single prior exposure (Butters, Heindel & Salmon, 

1990; Hayes, & Hennessy, 1996; James, Humphrey, Gati, Menon, & Goodale, 2000; 

Mecklenbraeuker, Hupbach, & Wippich, 2001; Vakil, et al., 2000).  The methodology 

used in the current study is a replication of the procedures used in Study 2, with the 

exception that objects are used as stimuli.   

   The aim of Study 3b was to determine if a perceptually oriented priming task 

(i.e., object-identification task) would elicit a N400 old/new effect that was 

qualitatively similar to the N400 old/new effect identified in Study 3a.  This aim is 

based upon the proposition that if the object priming effect identified in Study 3a 

represents the working of the structural description subsystem of the PRS, then a data-

driven or perceptually oriented priming task should elicit a N400 old/new effect with 

similar temporal and spatial characteristics.     

The following hypotheses were set for testing in Study 3b.  A behavioural 

priming effect, characterised by more previously seen fragmented objects being 

identified relative to new fragmented objects, would be observed.   

 It was expected that the electrophysiological analyses would show a N400 

old/new effect evident at the right parietal electrode site.  This would be characterised 

by more positive amplitudes associated with objects in the shallow primed condition 

relative to amplitudes associated with objects in the new condition.   
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Method 

Participants 

Eighteen participants were recruited from Griffith University, School of 

Psychology first year subject pool and received course credit for their participation.  

Participants had a mean age of 19.67 years (SD = 3.43); 14 were female.  All 

participants were right handed, had English as their first language, and reported not 

having a prior injury.  Each gave written informed consent prior to participating in the 

study.  The protocol used in the current study was approved by the Griffith University 

Human Research Ethics Committee (protocol number: PSY/58/03/hec). 

Task and Materials 

 The study employed an object fragment identification test, using a study/test 

paradigm.  Objects were presented during a study period, followed by a test in which 

study (old objects) plus new objects were presented in a fragmented format.  A 

behavioural indicator of object priming would be that more of the old objects 

compared to the new objects are identified.  Participants were not told prior to 

commencing the tasks that they were completing a memory test or that the objects 

seen at study would be repeated in the identification task. 

 The study task consisted of two conditions.  The target condition was a 

perceptual or shallow task (termed here the X task) and involved determining whether 

the left outer-most edge was higher than the right outer-most edge of an object.  

Possible responses were “yes”, “no” or “same”.  The non-target condition was a 

semantic task (termed here the O task) and required the participant to incorporate the 

name of an object into a meaningful sentence and report the sentence aloud.  These 

tasks are the same as the study tasks used in Study 3a. 
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 A group of 116 objects were drawn from the Snodgrass and Vanderwart 

(1980) pool of 260 black and white line drawings of common objects.  These stimuli 

were the pictures of the nouns used in the word fragment identification test of Study 

2.  The mean frequency count (Kucera & Francis, 1967) of the names of objects was 

39.29 (SD = 97.79).  This group was further subdivided into two lists of of 48 objects, 

with lists matched for the frequency count of object names.  Mean word frequency 

was 34.06 (SD = 47.84) counts per million for one set and 34.98 (SD = 67.64) for the 

other.  The lists were counterbalanced so that each object appeared equally often in 

the shallow and new conditions.  As a result, two separate study/test lists were used, 

and these were rotated across participants. 

 A non-target deep study condition was also included in the study.  This was 

introduced to add an appearance of randomness, and to reduce habituation and the 

boredom that may be expected if only one study condition was repeatedly presented.  

Participants completed this task for 12 randomly appearing objects.  These objects did 

not reappear in the test.  Eight fillers were used, four in each of the study and test lists.  

Fillers were presented at the beginning and end of lists.  Fillers at the beginning of 

lists were used to further acquaint participants with the task and reduce primacy 

effects, and fillers at the end of the lists were used to reduce recency effects.  In total, 

64 objects were presented at study and 100 objects at test. 

Objects were fragmented using the Ultrafrag7 computer programme.  This 

programme randomly deletes blocks of pixels from images using methods described 

in Snodgrass et al. (1987).  Pixels are deleted from stimuli at 8 levels, where level 1 

removes most pixels.  In the current study, objects were fragmented at level 4 or 5.  

The level of fragmentation was chosen on the basis that sufficient contour was shown 

                                                 
7 Ultrafrag is published by Life Science Associates: http://lifesciassoc.home.pipeline.com 



 192

to enable the global shape or key features of an object to be recovered (Schendan & 

Kutas, 2002).  Figure 32 displays examples of whole and fragmented objects used in 

Study 2.  Prior research has shown that priming as mediated by the structural 

description system is compromised when an object’s global form is changed between 

study and test (Biederman & Cooper, 1991).   

 

 

           

 

Figure 32.  Examples of whole and fragmented objects (Snodgrass & Vanderwart, 

1980). 

  

 Objects and fragmented objects were shown centrally on a computer screen as 

black lines on a white background. The maximum visual angle subtended was 3° 

horizontally and 0.5° vertically. At study, each trial began with the presentation of the 

pre-item cue, either an X or O character, for 1000 ms.  This cue indicated to the 

participant which study task to complete.  An object followed for 600 ms, and then 
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finally a question mark for 3500 ms during which the participant responded verbally 

to the task.  The total time of each study trial was 5100 ms. At test, a fixation asterisk 

was presented for 2100 ms, followed by a blank screen for 100 ms, an object for 300 

ms, and then a question mark for 2300 seconds.  During the period the question mark 

was on the screen the participant responded by first, pressing either a ‘yes’ or ‘no’ 

marked key on a response pad, and second, by saying either the name of the object, or 

“don’t know”.  The index and middle fingers of the right hand were used to respond.  

The positions of the ‘yes’ and ‘no’ keys were counterbalanced across participants.  

The total time of each test trial was 4800 ms.  The stimuli presentation times for the 

study and test activities were the same as those used in Study 3a.  Participants were 

tested in an electrically shielded room and an intercom was used to determine that 

participants were responding correctly to the study task.  Figure 33 summarises the 

methodology used at study and test. 

 

 

 
 
 

Figure 33.  Diagrammatical view of study and test research methodology. 
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Procedure 

 Upon entry to the laboratory, participants completed an informed consent 

package (see Appendix N) and a medical history pro forma (see Appendix B).  The 

participant entered the shielded room and completed the study activity and was then 

taken to an adjoining preparatory room where the electrode cap was fitted.  The 

participant re-entered the shielded room and completed the recognition test.  An 

interval of approximately 30 minutes separated study and test activities.  Instructions 

for the study task (see Appendix L) and test (see Appendix O) were provided in the 

form of a booklet.  A block of five practice trials preceded the study and test. During 

the test EEG was recorded.  Participants were instructed to remain as still and relaxed 

as possible and maintain fixation on the centre of the computer screen.  Further, 

participants were instructed to blink and move only when the asterisk appeared on the 

screen.  

EEG Recording 

   The procedures used to record EEG are identical to those reported in Study 2.  

Results 

ERP waveforms 

 An inspection of the grand average waveforms, across 26 scalp channels, 

elicited by the shallow primed and new fragmented object conditions (see Figure 34) 

indicated that a P100 effect was present maximally across the occipital and parietal 

scalp sites.  At each of these sites, the P100 onset was about 65 ms which corresponds 

with the P100 onsets observed across occipital sites in Study 3a.  This suggests that 

fragmented objects elicited P100s that were very similar to those elicited by non-

fragmented objects (as used in Study 3a).  The latency of the peaks of the P100s in the 

current study was about 110 to 115 ms.  Interestingly, the peak of the P100 observed 
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at the right parietal electrode appeared to occur slightly earlier at about 100 ms post-

stimulus.  This early processing advantage might be explained in terms of the unique 

function the right parietal region is known to play in object identification.  

 Observation of the data set also showed that a predominant negative-going 

wave was present between 300 to 500 ms post-stimulus, and most markedly at the 

mid-line and right parietal electrodes and at the right centro-parietal electrode site.  

However, the effect was also present across central electrodes and at the left centro-

parietal electrode site.  Of these sites, the right parietal site displayed the largest 

negative slope for both object conditions (about 9 and 8.5 μv base-to-peak for the 

shallow primed and new conditions, respectively), which may indicate a unique 

function associated with object priming at this region.  At these sites differences 

between object conditions were apparent.  The shallow primed object condition 

elicited an attenuated waveform compared to the new object condition.  The polarity, 

latency, and experimental characteristics of this effect indicated that it represented a 

N400 ERP old/new effect, and that an epoch of 300 to 500 ms was a suitable temporal 

window across which this effect could be subsequently analysed.    
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Figure 34.  Grand average ERP amplitudes elicited by the shallow primed and new object 

conditions at scalp electrode sites.  Data are depicted at 26 scalp electrodes that are representative 

of the full 32-channel array.  
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Behavioural Data 

 Significantly more studied fragmented objects (73 %) were correctly identified 

than new fragmented words (57%), t (17) = 8.88, p < .001.  This indicates a priming 

effect.   

Electrophysiological Data 

 The logic determining the analyses of the present study is the same as that 

described in Study 1a.  ERPs were computed for two study/response categories: the 

shallow primed condition and the new condition.  The shallow primed conditions refer 

to old objects encoded using the shallow task, that were correctly identified when 

presented in a fragmented format.  The new condition refers to non-repeated objects 

that were correctly identified when presented in a fragmented format.  The mean 

amplitudes of these conditions were computed for one temporal period: 300 to 500 ms 

(i.e., N400) across six electrode sites: the left and right frontal (F3, F4), central (C3, 

C4), and parietal (P3, P4) electrode sites.  This temporal period is the same as that 

used by Rugg et al. (1998) in the semantic-judgement priming task.  Compared to 

Rugg et al. (1998) two extra electrode sites were included in the analyses (i.e., C3, 

C4).  The inclusion of these electrodes extends Rugg et al.'s (1998) analysis to enable 

detection of the N400 old/new effect at central electrode sites. 

The mean, range and sum of ERP trials per condition were: shallow, 28.56, 

17-38, 514; and new, 23.11, 15-31, 416.  The mean and standard error of the mean for 

each condition are displayed in Table 6.   
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Table 6  

Mean amplitudes (and SEMs) of ERPs (300-500 ms) for the shallow primed and the 

new objects at the left and right frontal (F3, F4), central (C3, C4), and parietal (P3, 

P4) electrode sites 

 F3 F4 C3 C4 P3 P4 

Experimental 
Condition 

M 
(SEM) 

μV 
300 - 500 ms  

 
Shallow Primed -1.65 

(.54) 

-1.35 

(.60) 

.19 

(.62) 

.33 

(.60) 

3.71 

(.94) 

2.88 

(.61) 

New  -2.64 

(.50) 

-2.22 

(.50) 

-.87 

(.53) 

-1.04 

(.46) 

2.90 

(.89) 

1.69 

(.62) 

 
 

 

N400 Old/New Effect. 

A three-way within-subjects omnibus ANOVA was conducted on mean 

amplitudes between 300 and 500 ms post-stimulus, for location (frontal, central, and 

parietal), hemisphere (left, right), and object type (shallow primed, new).  This 

revealed main effects for location, F (1.17,19.89) = 25.93, p < .001, and object type, F 

(1,17) = 11.03, p < .01.  The grand average ERP amplitudes elicited by the shallow 

primed and new object conditions at the left and right frontal, central, and parietal 

electrode sites are shown in Figure 35.  Mean averages for experimental conditions 

across the 300 to 500 ms epoch are displayed in Figure 36.  

Planned contrasts were used to determine differences between means for 

object types across the frontal, central, and parietal electrode sites.  Across all sites, 
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the amplitudes associated with the shallow primed condition were more positive than 

the amplitudes for the correctly identified new condition, F (1, 17) = 11.03, ωp2  = 

.39, p < .01.  However, only the mean difference of the shallow primed and new 

condition, at the right central and right parietal electrode sites was found to be 

significantly different to zero (C4: t (17) = 3.58, p < .01; P4: t (17) = 3.05, p < .01).   

The mean difference between the shallow primed and new condition, across 

electrodes, is displayed in Figure 37. 

To further clarify the main effect for location, the means of both object 

conditions (shallow primed, new) were collapsed at each location (frontal, central, 

parietal), and these showed that the highest amplitudes were present at the parietal 

sites, and the lowest at the frontal sites (F3: M = -2.15; F4: M = -1.79; C3: M = -.34; 

C4: M = -.36; P3: M = 3.30; P4: M = 2.38).  These means were not tested to determine 

where significant differences existed, because the outcome was not critical in 

determining whether to accept the hypothesis and to conduct this number of 

comparisons (N = 15) would increase the risk of Type 1 error.    
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Figure 35.  ERP amplitudes elicited by the shallow primed and the new objects at the 

left and right frontal (F3, F4), central (C3, C4), and parietal (P3, P4) electrode sites. 
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Figure 36.  Mean (and SEM) ERP amplitudes elicited by the shallow primed and the 

new object conditions, between 300 and 500 ms post-stimulus at the left and right 

frontal (F3, F4), central (C3, C4), and parietal (P3, P4) electrode sites.   
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Figure 37.  Mean (and SEM) differences between the amplitude of the 300-500 ms 

latency range of ERPs to the new objects and ERPs to the shallow primed objects, at 

the left and right frontal (F3, F4), central (C3, C4), and parietal (P3, P4) electrode 

sites. 

Note. * differs from zero with p < .05; ** differs from zero with p < .005; ^ differs 

from zero with p < .06 
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Discussion 

 The aim of Study 3b was to determine if a perceptually oriented priming task 

(i.e., object-identification task) would elicit a N400 old/new effect that was 

temporally and spatially similar to the N400 old/new effect identified in Study 3a.  

Such an effect would provide evidence to strengthen the proposition that the N400 

old/new effect observed in Study 3a is an index of the perceptually oriented structural 

description subsystem.   

Behavioural Data 

 As hypothesised, the behavioural results of the present study reveal a priming 

effect with more previously seen fragmented objects correctly identified compared to 

new fragmented words.   

Electrophysiological Data: A priori Analyses 

 N400 Old/New Effect. 

 The object-identification priming task used in the current study elicited a N400 

old/new effect that was present at the right central and parietal electrode sites.  This 

supports the hypotheses that a N400 old/new effect, characterised by more positive 

amplitudes associated with objects in the shallow primed condition relative to 

amplitudes associated with objects in the new condition, would be evident at the right 

parietal electrode site.  This result resembles the N400 old/new effect identified in 

Study 3a and provides further evidence that the N400 old/new effect identified in 

Study 3a indexes the perceptual operations of the structural description system.  Like 

the N400 old/new effect identified in Study 3a, the current effect persisted across a 30 

minute interval, which corroborates the proposal that it reflects the workings of a 

long-term memory system, such as the structural description subsystem. 
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 Across the electrodes used in this study (left and right frontal, central, and 

parietal electrode sites), the N400 old/new effect was maximal at the right parietal and 

central sites (see Figure 37).  Despite the restricted number of electrodes used in this 

study, which allows conclusions to be drawn only in reference to frontal, central, and 

parietal sites, the right laterality associated with the N400 old/new effect is consistent 

with the outcomes of other studies of object priming.  For example, Vuilleumier, 

Henson, Driver, & Dolan, (2002) identified repetition-suppression effects (using 

fMRI) at the right fusiform gyrus, elicited by form-specific object priming.  Further, 

Marsolek and colleagues, in a series of divided-field studies, found that greater form-

specific object priming was observed when stimuli was presented to the right 

hemisphere (compared to the left hemisphere)(Marsolek, 1999; Marsolek, Kosslyn, & 

Squire, 1992; Marsolek, Squire, Kosslyn, & Lulenski, 1994).   

Limitations of Study 3b 

 Although Study 3b included methods to reduce participants’ use of explicit 

memory strategies, there was no behavioural evidence to show that explicit memory 

was reduced.  Strategies to overcome this weakness, which was first observed in 

Study 2, were not implemented in the present study because an important aim in this 

thesis was to compare the N400 old/new effects (present in the identification tasks) 

across different modes of stimuli. As a result of this, the design of Study 3b and 4b 

remained unaltered.     

 Despite this limitation, there is evidence to suggest that the N400 old/new 

effect, present in the current study, is an index of object priming and thus an index of 

the structural description subsystem of the PRS.  An inspection of the gross 

morphology of the waveform elicited by the experimental conditions in the present 

study indicated that while a N400 old/new effect was evident in the interval of 300 to 
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500 ms, a later-going LPC old/new effect was not evident between 500 and 800 ms 

post-stimulus (see Figure 35).  If explicit memory, and not priming, facilitated the 

accurate identification of fragmented objects, the typical ‘tag’ of explicit memory in 

ERP studies would be expected, that is the LPC old/new effect.  However, a LPC 

old/new effect, such as that evidenced in Study 3a (see Figures 26, 29) was not 

observed.  That is, between 500 and 800 ms, the old word condition did not appear to 

be markedly more positive than new words, at the left central and parietal sites.  This 

would be expected if identification was facilitated by explicit memory, as the LPC 

old/new effect is typically identified at left posterior locations (Herron, Quayle, & 

Rugg, 2003; for a review see, Donaldson, Allan, & Wilding, 2002; Rugg & Allan, 

2000a,b).  However, this was not the case.  Rather, the magnitude of the difference 

between the old and new waveforms appeared to be relatively constant from 

approximately 300 ms onwards.     

Conclusion 

 Using a priming task considered a ‘pure’ form of perceptual priming (Jacoby 

& Hayman, 1987; Schacter & Buckner, 1998), a behavioural and electrophysiological 

priming effect was elicited that temporally and spatially resembled the N400 old/new 

effect identified in Study 3a.  Study 3b therefore corroborates the perceptual 

operations of the structural description system.   
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CHAPTER FIVE: THE AUDITORY WORD FORM SUBSYSTEM  

Study 4a 

 The auditory word form subsystem is the domain of the PRS that represents 

information about the acoustic and phonological characteristics of spoken words 

(Schacter, 1994).  Like other subsystems of the PRS (i.e., the visual word form and 

structural description subsystems) the auditory word form subsystem is characterised 

by pre-semantic and non-conscious processing of stimuli and is localised to cortical 

brain regions (Tulving & Schacter, 1990).   

 Few electrophysiological studies have used auditory stimuli for the purposes 

of examining priming and explicit memory.  Of these, the majority have targeted 

recollection rather than auditory word priming.  Wilding, Doyle, and Rugg (1995) 

(exp 2) incorporated auditory stimuli into a recognition test.  At study, participants 

were presented with both visual and auditory words, followed by a recognition test 

where old and new words were presented (in an auditory format), and then a source 

judgement task where participants determined whether test words had been heard or 

seen at study.  In this way two, forms of recognition memory could be identified: 

recollection (correct recognition & correct source judgements), and familiarity 

(correct recognition & incorrect source judgements).  Of interest to the current study 

is that between 400 and 800 ms post-stimulus, at the majority of scalp sites (i.e., 

midline frontal, central and parietal sites; and left and right frontal, anterior temporal, 

parietal, temporal, and occipital sites) an ERP old/new effect was evident for correctly 

recognised auditory words associated with correct source judgements (auditory hit-

hit).  This effect was also evident for words seen visually at study which were 

correctly recognised and whose source information was correctly identified (visual 

hit-hit).  These two ‘hit-hit’ conditions were collapsed and compared with the 
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collapsed ‘hit-miss’ conditions (correct recognition/incorrect source judgement 

conditions) and the new condition.  The conditions were collapsed as there were not 

enough trials in the individual hit-miss conditions.  Interestingly, between  400 and 

800 ms post-stimulus there was no difference between the ‘hit-hit’ and ‘hit-miss’ 

conditions, however between 800 and 1100 ms post-stimulus, the ‘hit-hit’ condition 

was significantly more positive than the ‘hit-miss’ condition at all sites.  That is, from 

400 ms post-stimulus, an ERP old/new effect associated with recognition memory 

was present, but from 800 ms, amplitudes associated with correct source judgement 

(i.e., recollection) were more positive than those associated with incorrect source 

judgements (i.e., familiarity).  Therefore, compared to the ERP results associated with 

visual word-recognition tests, the auditory recollection effect appeared to occur at a 

later time.  The LPC old/new effect has been robustly established as commencing at 

approximately 400 ms post-stimulus (Donaldson, Allan, & Wilding, 2002; Herron, 

Quayle, & Rugg, 2003; Johansson & Mecklinger, 2003; Rugg & Allan, 1999).  

However, Wilding, Doyle, and Rugg (1995) found that correct source judgements for 

auditory words appeared between 800 and 1100 ms.  These results have not been 

robustly supported by other research and they may be due to different task conditions. 

 In contrast to Wilding, Doyle, and Rugg (1995), another group of researchers, 

Kayser, Fong, Tenke, and Bruder (2003), in an ERP experiment which was the first to 

concurrently test visual and auditory word recognition, observed LPC old/new effects 

that peaked at 560 ms post-stimulus for both modalities.  Kayser et al. asserted that 

the similarity in the peak latency across modes indicated that a common cognitive 

mechanism mediated the ERP old/new effect.  However different spatial topography 

between modalities indicated that different neural generators may support the effect in 

each modality.   
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 Gonsalves and Paller (1998) also identified an auditory recollection effect (as 

modulated by a LOP manipulation) at an earlier temporal period than Wilding, Doyle, 

and Rugg (1995).  Gonsalves and Paller found that between 600 and 900 ms post-

stimulus, words studied in a deep encoding condition were significantly more positive 

than words studied in a shallow encoding condition.  This effect was evident at 

posterior electrode sites.  Together, the results from these three studies (Gonsalves & 

Paller, 1998; Kayser, Fong, Tenke, & Bruder, 2003; Wilding, Doyle, & Rugg, 1995) 

indicate that auditory recognition tasks elicit an ERP old/new effect which is 

generally similar to that observed for visual word recognition tests.  For example, in 

these auditory tests, recollected words elicited a typical old/new effect.  However, it 

would appear that while the effect has been identified at about 500 ms post-stimulus, 

and at posterior sites, the LPC old/new effect associated with auditory recollection 

may occur at a later temporal window and across a wider spatial array than the same 

effect elicited by visual recollection.  Further, contrary to the visual LPC old/new 

effect, the auditory LPC old/new effect observed in these studies was not localised to 

the left hemisphere. 

 Although an ERP old/new effect has been observed for auditory recollection, a 

N400 old/new effect associated with auditory priming has not similarly been 

established.  However, one study has found that a similar perceptual mechanism may 

mediate visual and auditory word priming.  Vidailhet, Danion, Chemin, and Kazes 

(1999) found that the medication Lorazepam (a benzodiazepine) similarly attenuated 

priming performance in a visual word-stem task and an auditory word-stem task.  One 

explanation of these results, which is consistent with the PRS theory, is that the 

medication caused a disruption in the auditory and visual word form’s ability to 

develop perceptual representations of words.  Consistent with the PRS theory, the 
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Lorazepam should independently affect both subsystems.  Evidence to support the 

separate effect was provided by Vidailhet, Danion, Chemin, and Kazes, who found 

that priming results across modes were not significantly correlated.  

 If the rules of operation of auditory priming are similar to those of visual word 

and object priming, as neuropsychological and behavioural data suggest and as the 

PRS theory predicts, and if ERP priming effects can be established for the visual 

modalities, then it is predicted that an ERP priming effect can be elicited for the 

auditory modality.    

 Study 3a successfully identified neural correlates of the structural description 

subsystem and recollection that were dissociated on the bases of temporal and spatial 

differences.  These results were elicited using an extension of a methodology (Rugg et 

al., 1998) that held task conditions constant and reduced the threat of explicit memory 

contamination in the priming condition.  On this basis, it was believed that the 

methods used by Rugg et al. (1998) could also be extended to empirically consider the 

auditory word form subsystem of the PRS.   

 The aim of Study 4a was to determine if a neural correlate of the auditory 

word form subsystem and a neural correlate of auditory explicit memory could be 

identified, and if these could be dissociated on the basis of temporal and spatial 

characteristics using a methodology that held task conditions constant and reduced the 

chance of explicit memory strategies being employed in the priming condition.   

 One change made in Study 4 was that left and right temporal posterior 

electrode sites (i.e., TP7, TP8) were included in the analysis.  The American 

Electroencephalographic Society (1994) term the “TP” electrode sites as “temporal-

posterior temporal”.  However in the current research, these electrode sites will be 

referred to as “temporal posterior”.  The left and right temporal posterior electrode 
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sites were included in the analysis to accommodate the inclusion of the auditory 

stimuli in the current study.  Primary and secondary auditory cortices are located in 

the temporal cortex.  Therefore, correlates of auditory priming may be identified in 

these cortices.  The TP7 and TP8 electrodes can be identified in Figure 20, displayed 

in Study 2. 

 The hypotheses related to the electrophysiological analyses were directed by 

the outcomes of Studies 1a and 3a and also PRS theoretical constructs.  PRS theory 

asserts that the subsystems of the PRS are unified by the same rules of operation.  

This implies that some of the electrophysiological properties of the N400 old/new 

effects associated with the three different subsystems should overlap.  On this basis, it 

was expected that the temporal characteristics and the spatial distribution of the 

auditory N400 old/new effect would in some part resemble the distribution of the 

visual word and object N400 old/new effects.   

 The following hypotheses were set for testing in Study 4a.  The behavioural 

data elicited by the auditory word-recognition test would show that more of the 

auditory words studied in the deep encoding condition would be recognised relative to 

auditory words studied in the shallow encoding condition.  The following hypotheses 

were related to the electrophysiological analyses.  First, a N400 old/new effect 

(indexing the auditory word form subsystem) would be evident bilaterally across the 

parietal electrode sites.  This effect would be present independent of recognition 

accuracy and not sensitive to the LOP manipulation.  That is, amplitudes associated 

with auditory words in the shallow recognised and shallow unrecognised conditions 

would not differ but would be more positive than those associated with words in the 

new condition.  Further, the magnitude of differences between all old word types and 

the new conditions would be equivalent. Second, a LPC old/new effect (indexing 
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recollection) would be maximal at the left centro-parietal electrode sites.  The effect 

would be sensitive to the LOP manipulation.  That is, amplitudes associated with 

auditory words in the deep recognised condition would be more positive than those 

associated with auditory words in the shallow recognised and new conditions. 

Method 

Participants 

Nineteen participants were recruited from Griffith University, School of 

Psychology first year subject pool and received course credit for their participation.  

Participants had a mean age of 21.79 years (SD = 7.3); 14 were female.  All 

participants were right handed, had English as their first language, and reported not 

having a brain injury.  Each gave written informed consent prior to participating in the 

study.  Ethical approval for the protocol used in the current study was given by the 

Griffith University Human Ethics Committee (protocol number: PSY/58/03/hec). 

Task and Materials 

The study employed an auditory recognition test, using a study/test paradigm.  

Auditory words were presented during a study period, followed by a recognition test 

in which study words (old words) plus new words were presented, and participants 

attempted to recognise old words.  A LOP manipulation was used at study, with half 

of the study words being used in a perceptual or ‘shallow’ task, and half in a semantic 

or ‘deep’ task.  The perceptual task (termed here the X task) required participants to 

determine if the long vowel sounds ‘a’ or ‘e’ were in a word.  Participants responded 

by saying either “yes” or “no”.  The semantic task (termed here the O task) required 

participants to incorporate an auditory word into a meaningful sentence and report the 

sentence aloud. 
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 A group of 154 words were used, which were the word names of the list of 

objects (Snodgrass & Vanderwart, 1980) used in Study 3a.  Three names of objects 

were changed to suit Australian usage: ‘alligator’ changed to ‘crocodile’, ‘baby 

carriage’ changed to ‘pram’, and ‘pitcher’ changed to ‘jug’.  Also, the two worded 

target ‘sailing boat’ was changed to ‘yacht’.  The mean frequency count for words 

(Kucera & Francis, 1967) was 31.64 per million (SD = 57.23).  The mean number of 

syllables was 1.62 (SD = .83), and the mean word length was 5.38 letters (SD = 1.92).  

From this group, three sets of 48 words were formed, with lists matched for 

frequency, number of syllables, and word length.  These lists were the same as those 

used in Study 3a.  As per Study 3a, word lists were counterbalanced so that each word 

appeared equally often in the deep, shallow, and new conditions.  As a result, three 

separate study/test lists were used and these were rotated across participants.  Shallow 

and deep words were randomly interspersed during the study and test.  Four fillers 

were used in the study task, and six in the test.  Fillers at the beginning of lists were 

used to further acquaint participants with the task and reduce primacy effects, and 

fillers at the end of the lists were used to reduce recency effects.  In total, 100 words 

were presented at study and 150 words at test.           

Words were recorded in a quiet room by a single female speaker using the 

Goldwave 
TM (v5.10) wave file editor on a PC computer.  The mean time of the 

spoken words was .563 s (SD = .126 s).  Stimuli were digitised at a sampling rate of 

11 kHz using an analogue-to-digital sound card.  Words were presented through 

closed dynamic stereo headphones (Sennheiser 
TM hd25 SP) at a comfortable hearing 

level.  Apart from auditory stimuli, both study and test tasks included the appearance 

of visual icons (i.e., X, O,?, *, see Figure 38) on a computer monitor.  Visual icons 
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were shown centrally on a screen in black font on a white background.  The maximum 

visual angle subtended was 3o horizontally and 0.5o vertically. 

At study, each trial began with the presentation of the pre-item cue, either an 

X or O character, for 1000 ms.  This cue indicated to the participant which study task 

to complete.  A white screen was then shown on the monitor for 900 ms, during which 

the auditory word was presented.  The onset of this screen and the auditory word was 

simultaneous.  Finally, a question mark was presented for 3500ms, during which the 

participant responded verbally to the task.  The total time of each study trial was 5400 

ms. 

 At test, a fixation asterisk was presented for 2100 ms, followed by a blank 

screen for 100ms, and a white screen for 900 ms, during which the auditory word was 

presented.  Again, the onset of the blank screen and the auditory word was 

simultaneous.  A question mark, presented for 2300 ms followed, during which the 

participant responded by pressing either a ‘yes’ or ‘no’ marked key on a response pad.  

The index and middle fingers of the right hand were used to respond.  The positions of 

the ‘yes’ and ‘no’ keys were counterbalanced across participants.  The total time of 

each test trial was 5400 ms.  Figure 38 illustrates diagrammatically the methodology 

used at study and test. 

Participants were tested in an electrically shielded room, and an intercom was 

used to ensure that participants were completing the correct study task.  The interval 

between study and test was approximately 30 minutes.  The procedure and method of 

EEG recording were identical to those used in Study 3a, except that headphones were 

fitted to participants at the commencement of the study and test periods.  Further, the 

researcher checked that participants could hear the stimuli at a comfortable auditory 

level.  The informed consent package given to participants is included in Appendix P 
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and the instructions for the study task and test are presented in the Appendices Q and 

R, respectively.   

 

 

            

 
Figure 38.  Diagrammatical view of study and test research methodology. 

 

Results 

ERP waveforms 

 The grand average ERP amplitudes elicited by all experimental conditions 

across 26 electrodes (of the full 32-channel array) are displayed in Figure 39.  

A N100 ERP component was present at the fronto-central electrode sites.  This effect 

is commonly observed in ERP experiments that incorporate auditory stimuli.  The 

onset of the negative waveform was about 50 ms post-stimulus and it peaked at about 

90 ms.  Like the P100 effect, elicited by visual stimuli in earlier studies of this thesis, 

the N100 effect is associated with ‘bottom-up’ processing of sensory characteristics of 

the stimuli (Luck, 2005). 
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 Two later latency ERP components were also observed in the waveforms.  

Unlike the earlier sensory component, experimental conditions differed across these 

effects.  The first was the N400 old/new effect, which was present maximally across 

the parietal electrodes between about 300 and 500 ms post-stimulus.  Also, apart from 

its appearance bilaterally at parietal electrodes, the N400 old/new effect was also 

apparent at the right frontal, central, and temporal posterior sites.  Like the N400 

effects identified in Study 1a and 3a, amplitudes associated with the old word 

conditions appeared to be attenuated compared to the correctly identified new 

condition.   

 The final component evident, and which was of interest to the hypotheses of 

this study, was the LPC old/new effect.  This effect commenced at about 500 ms and 

continued to the end of the recorded epoch.  Across this temporal window the deep 

recognised condition elicited a more positive-going wave compared to other 

conditions.  This effect was predominant at the left centro-parietal and left parietal 

electrode sites. 

 The appearance of the N400 and LPC old/new effects occurred in temporal 

latencies that prior studies have used to similarly capture these ERP memory effects.  

On this basis, subsequent analyses were undertaken using the following epochs: N400 

old/new effect, 300 to 500 ms; LPC old/new effect, 500 to 800 ms. 
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Figure 39.  Grand average ERP amplitudes elicited by the deep recognised (Deep Rec), shallow 

recognised (Shall Rec), shallow unrecognised (Shall Unrec), and new auditory word conditions at 

scalp electrode sites.  Data are depicted at 26 scalp electrodes that are representative of the full 32-

channel array.  
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Behavioural Data 

 Significantly more words encoded in the deep study condition were recognised 

(89%) than those studied in the shallow condition (54%), t (18) = 10.13, p < .001.  

This reflects a LOP effect (Craik & Lockhart, 1972).  Of the new words, 85% were 

correctly classified as new. 

Electrophysiological Data 

 The logic determining the analyses of the present study is the same as that 

described in Study 1a.  ERPs were computed for 4 study/response categories: the deep 

recognised condition, the shallow recognised condition, the shallow unrecognised 

condition, and the new condition.  For the a priori analyses, the mean amplitudes of 

these conditions were formed across two temporal periods: 300 to 500 ms (i.e., N400), 

and 500 to 800 ms (i.e., LPC) for eight electrode sites: the left and right frontal (F3, 

F4), central (C3, C4), parietal (P3, P4), and temporal posterior (TP7, TP8) electrode 

sites.  These temporal periods are the same as those used by Rugg et al. (1998).   

Compared to Rugg et al. (1998) four extra electrode sites were included in the 

analyses (i.e., C3, C4, TP7, TP8).  The inclusion of these electrodes extends Rugg et 

al.'s (1998) analysis to enable detection of ERP components at central and temporal 

posterior electrode sites. 

 For the exploratory analyses the mean amplitudes of the above conditions 

were formed across one temporal period: 150 to 300 ms (i.e., P200) for eight electrode 

sites: the left and right frontal (F3, F4), central (C3, C4), parietal (P3, P4), and 

temporal posterior (TP7, TP8) electrode sites.   

 The mean, range and sum of ERP trials per condition were: deep recognised, 

26.58, 16-41, 505; new, 27.74, 18-42, 527; shallow recognised, 19.21, 10-32, 365; and 

shallow unrecognised, 17.53, 10-31, 333.  The mean and standard error of the mean 

for each condition are displayed in Table 7.   
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Table 7 

Mean amplitudes (and SEMs) of ERPs (150-300ms, 300-500 ms, 500-800 ms) for the 

deep recognised (Deep Rec), shallow recognised (Shallow Rec), shallow 

unrecognised (Shallow Unrec), and new auditory words at the left and right frontal 

(F3, F4), central (C3, C4), parietal (P3, P4), and temporal posterior (TP7, TP8) 

electrode sites 

  F3 
 

F4 C3 C4 P3 P4 TP7 TP8 

Experimental 
Condition 

M 
(SEM) 

μV 
300 – 500 ms  

 
Deep Rec -3.53 

(.85) 

-2.26 

(.74) 

-3.50 

(.91) 

-3.08 

(.61) 

.60 

(.77) 

.10 

(.65) 

-1.85 

(.71) 

-.74 

(.46) 

Shall Rec -2.76 

(.77) 

-2.41 

(.95) 

-3.99 

(.94) 

-3.53 

(.61) 

-.27 

(.89) 

-.90 

(.66) 

-1.58 

(.64) 

-1.05 

(.46) 

Shall Unrec -3.97 

(.86) 

-1.99 

(.69) 

-4.72 

(.75) 

-3.46 

(.59) 

-.60 

(.99) 

-.59 

(.67) 

-1.97 

(.69) 

-.58 

(.41) 

New -3.90 

(.64) 

-3.53 

(.78) 

-4.94 

(1.07)

-5.43 

(.67) 

-2.23 

(.87) 

-2.97 

(.73) 

-2.40 

(.58) 

-2.58 

(.50) 

500 – 800 ms         

Deep Rec -2.78 

(.66) 

-2.12 

(.60) 

-1.07 

(.50) 

-1.39 

(.60) 

5.38 

(.65) 

3.47 

(.80) 

-.15 

(.46) 

-1.65 

(.54) 

Shall Rec -3.35 

(.60) 

-2.60 

(.75) 

-2.81 

(.73) 

-2.59 

(.63) 

2.95 

(.86) 

2.12 

(.71) 

-.79 

(.41) 

-2.14 

(.59) 

 

Shall Unrec 

 

-4.41 

 

-3.08 

 

-3.75 

 

-3.26 

 

2.41 

 

1.69 

 

-1.78 

 

-2.36 
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  F3 
 

F4 C3 C4 P3 P4 TP7 TP8 

Experimental 
Condition 

M 
(SEM) 

μV 
(.87) (.65) (.56) (.66) (.90) (.85) (.64) (.50) 

New  -3.96 

(.53) 

-3.73 

(.68) 

-4.64 

(.48) 

-4.47 

(.50) 

.41 

(.72) 

-.03 

(.67) 

-1.47 

(.66) 

-3.87 

(.46) 

150 – 300 ms         

Deep Rec .85 

(.75) 

1.12 

(.63) 

2.60 

(.92) 

2.52 

(.66) 

2.99 

(.88) 

2.39 

(.74) 

1.27 

(.75) 

2.82 

(.41) 

Shallow Rec .80 

(.58) 

1.24 

(.64) 

1.73 

(1.04)

2.04 

(.74) 

1.97 

(1.04)

1.45 

(.81) 

1.31 

(.74) 

2.20 

(.53) 

Shall Unrec -.34 

(.77) 

1.04 

(.64) 

.79 

(.72) 

1.86 

(.66) 

1.61 

(.82) 

1.62 

(.69) 

.92 

(.75) 

2.77 

(.48) 

New .35 

(.59) 

.22 

(.52) 

.57 

(.72) 

.64 

(.60) 

.61 

(.87) 

.31 

(.67) 

.89 

(.61) 

1.36 

(.45) 

 

 

 N400 Old/New Effect.  

 The grand average ERP amplitudes elicited by the shallow recognised, shallow 

unrecognised, and new auditory word conditions at electrode sites used in the 

subsequent analysis are displayed in Figure 40.  A bar graph illustrating mean 

differences between the old and new word conditions is presented in Figure 44(A).   
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Figure 40.  ERP amplitudes elicited by the shallow recognised (Shall Rec), shallow 

unrecognised (Shall Unrec), and the new auditory words at the left and right frontal 

(F3, F4), central (C3, C4), parietal (P3, P4) and temporal posterior (TP7, TP8) 

electrode sites. 
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A three-way within-subjects omnibus ANOVA was conducted on mean 

amplitudes between 300 and 500 ms post-stimulus, for location (frontal, central, 

temporal posterior, and parietal), hemisphere (left, right), and word type (shallow 

recognised, shallow unrecognised, new).  This revealed main effects for location, F 

(1.51,27.10) = 9.90, p < .01, and word type, F (2,36) = 6.21, p < .01, and Location x 

Hemisphere, F (3,54) = 2.90, p < .05 and Hemisphere x Word Type interactions, F 

(2,36) = 6.27, p < .01.  Mean averages for the shallow recognised, shallow 

unrecognised, and new conditions across the 300 to 500 ms epoch are displayed in 

Figure 41. 

To further clarify interactions, a two-way within-subjects ANOVA was 

conducted on the above variables restricted to the right hemisphere electrode sites.  

Evident from Figures 40 and 44 (A), was that, while the N400 old/new effect was 

present maximally across the parietal electrodes, it also appeared to be present (albeit to 

a lesser extent) at the right frontal, central, and temporal posterior electrode sites.  On 

this basis, and despite the hypothesis which predicted the N400 old/new effect would be 

present bilaterally at parietal sites, the electrode sites used in the secondary ANOVA 

were extended to include frontal, central, parietal, and temporal posterior electrode sites.  

This enabled the analysis to encompass a broader topographical focus.  

 This revealed main effects for location, F (1.39,24.95) = 7.04, p < .01, and word 

type, F (2,36) = 10.12, p < .001.  Planned comparisons identified differences between 

word types collapsed across electrodes at the right hemisphere.  Amplitudes associated 

with both types of shallow word conditions were not different, but both were associated 

with more positive amplitudes compared to the new condition (shallow recognised: F 

(1,18) = 12.00, p < .01, ωp
2  = .37; shallow unrecognised: F (1,18) = 17.58, p < .01, ωp

2  

= .47).  As per the hypothesis, a planned comparison at the left parietal site similarly 

showed that amplitudes associated with both types of shallow word conditions were not 
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different, but both were more positive than amplitudes associated with the new 

condition (shallow recognised: F (1,18) = 15.34, p < .01, ωp
2  = .43, shallow 

unrecognised: F (1,18) = 7.91, p < .05, ωp
2  = .27).   

Total means of the conditions collapsed across each location at the right 

hemisphere reveal that more positive amplitudes are associated with the temporal 

posterior and parietal locations (temporal posterior: M = -1.41, SEM = .35; parietal: M = 

-1.49, SEM = .60; frontal: M = -2.64, SEM = .72; & central: M = -4.14, SEM = .50). 

A two-way within-subjects ANOVA was conducted on the above variables 

restricted to the left hemisphere electrode sites (P3 not included).  This revealed a main 

effect for location, F (2,36) = 9.71, p < .001.  Total means of the conditions collapsed 

across each location at the left hemisphere revealed that more positive amplitudes were 

associated with the temporal posterior location (temporal posterior: M = -1.98, SEM = 

.54; frontal: M = -3.54, SEM = .55; & central: M = -4.55, SEM = .78).   
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Figure 41.  Mean (and SEM) ERP amplitudes elicited by the shallow recognised (Shall 

Rec), shallow unrecognised (Shall Unrec) and the new auditory word conditions, 300-

500 ms post-stimulus at the left and right frontal (F3, F4), central (C3, C4), parietal (P3, 

P4), and temporal posterior (TP7, TP8) electrode sites. 

 



 222

 LPC Old/New Effect (500-800 ms). 

The grand average ERP amplitudes elicited by the deep recognised, shallow 

recognised and new auditory word conditions, at the left and right frontal, central, 

parietal, and temporal posterior electrode sites are shown in Figure 42.  A three-way 

within-subjects omnibus ANOVA was conducted on mean amplitudes between 500 and 

800 ms post-stimulus, for location (frontal, central, parietal, & temporal posterior), 

hemisphere (left, right), and word type (deep recognised, shallow recognised, new).  

This revealed main effects for location, F (1.42,25.48) = 42.52, p < .001, and word type, 

F (2,36) = 18.84, p < .001, and Location x Hemisphere, F (3,54) = 12.08, p < 

.001, Location x Word Type, F (6,108) = 4.55, p < .001, and Location x Hemisphere x 

Word Type interactions, F (6,108) = 2.46, p < .05.  Mean averages for the deep and 

shallow recognised, and the new conditions, across the 500 to 800 ms epoch, are 

displayed in Figure 43. 

To further clarify interactions, a two-way within-subjects ANOVA was 

conducted on the above variables restricted to the left central and parietal electrode 

sites.  This revealed main effects for location, F (1,18) = 129.73, p < .001, and word 

type, F (2,36) = 30.42, p < .001, and a significant Location x Word Type interaction, F 

(2,36) = 4.10, p < .05.  

 Planned contrasts identified differences between means for word types at the left 

central and parietal electrode sites.  At both electrode sites, amplitudes associated with 

the deep recognised condition were more positive than those associated with both the 

shallow recognised and new conditions (C3: shallow recognised: F (1,18) = 8.42, p < 

.01, ωp2  = .28, new: F (1,18) = 45.61, p < .001, ωp2  = .70; P3: shallow recognised: F 

(1,18) = 17.75, p < .01, ωp2  = .47, new: F (1,18) = 74.56, p < .001, ωp2  = .79).  Also at 

both sites, amplitudes associated with the shallow recognised condition were more 
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positive than the new condition (C3: F (1,18) = 6.74, p < .05, ωp2  = .23; P3: F (1,18) = 

17.97, p < .001, ωp2  = .47).   

 The Location x Word Type interaction (p < .05), appears to reflect location 

differences between responses in the deep recognised and new conditions, relative to 

other word type differences.  At the left parietal site, the mean difference between 

responses in the deep recognised and new condition was 4.97 μv, compared to 3.57 μv 

at the left central site.  Therefore, the difference between these comparisons was 1.40 

μv, which is more positive than the similar differences associated with shallow 

recognised/new comparison (.71 μv), and the deep recognised/shallow recognised 

condition (.68 μv).  Therefore, although differences between word types were in the 

same direction across the left central and parietal electrodes, the magnitude of 

differences was most positive for the deep recognised/new difference at the left parietal 

site.   

 A two-way within-subjects ANOVA was conducted on the above variables 

restricted to the right central and parietal electrode sites.  This revealed main effects for 

location, F (1,18) = 54.72, p < .001,and word type, F (2,36) = 14.40, p < .001.  

 Planned comparisons of word types collapsed across the right central and 

parietal electrode sites, revealed that amplitudes associated with the deep recognised 

condition were more positive compared to the shallow recognised and new conditions 

(shallow recognised: F (1,18) = 4.42, p = .05, ωp2  = .15; new: F (1,18) = 30.15, p < 

.001, ωp2  = .61).  Also, amplitudes associated with the shallow recognised condition 

were more positive than the new condition, F (1,18) = 9.69, p < .01, ωp2  = .31. 

  Figure 44 displays mean ERPs for the three different study/response conditions 

minus the new condition at the N400 and LPC temporal periods.  This figure displays 

the differing effects the LOP manipulation has across temporal windows.  Between 300 
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and 500 ms post-stimulus, at the parietal electrode sites, the mean difference between 

old/new word conditions (referred to here as, Mdiff) is of a similar magnitude (P3: Deep 

Rec, Mdiff = 2.82 μV; Shall Rec, Mdiff = 1.96 μV; Shall Unrec, Mdiff = 1.62 μV; P4: Deep 

Rec, Mdiff = 3.07 μV; Shall Rec, Mdiff = 2.07 μV; Shall Unrec, Mdiff = 2.38 μV).  At the 

subsequent temporal period, 500 to 800 ms post-stimulus, the magnitude of the 

difference associated with the deep recognised conditions at the left parietal and central 

electrode sites is nearly double that of the shallow recognised condition, and more than 

double that of the shallow unrecognised condition (P3: Deep Rec, Mdiff = 4.97 μV; Shall 

Rec, Mdiff = 2.54 μV; Shall Unrec, Mdiff = 2.00 μV; C3: Deep Rec, Mdiff = 3.57 μV; 

Shall Rec, Mdiff = 1.83 μV; Shall Unrec, Mdiff = 0.90 μV).  These results and the 

outcomes of prior studies, which have found the LOP manipulation modulates explicit 

memory, and not implicit memory, corroborate the proposition that the the N400 and 

LPC old/new effects, evident in the current study, are correlates of perceptual priming 

and explicit memory, respectively. 
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Figure 42.  ERP amplitudes elicited by the deep recognised (Deep Rec), shallow 

recognised (Shall Rec) and the new auditory words at the left and right frontal (F3, F4), 

central (C3, C4), parietal (P3, P4), and temporal posterior (TP7, TP8) electrode sites. 
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Figure 43.  Mean (and SEM) ERP amplitudes elicited by the deep and shallow 

recognised (Deep Rec, Shall Rec), and the new auditory words, between 500 and 800 

ms post-stimulus at the left and right frontal (F3, F4), central (C3, C4), parietal (P3, 

P4), and temporal posterior (TP7, TP8) electrode sites.   
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(B) 500 – 800 ms post-stimulus 
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Figure 44.  Mean (and SEM) differences between the amplitude of the 300-500 ms 

(A) and 500-800 ms (B) latency ranges of ERPs to the new auditory words and ERPs 

to the deep recognised (Deep Rec), and the shallow recognised (Shall Rec) and 

unrecognised (Shall Unrec) auditory words, at the left and right frontal (F3, F4), 

central (C3, C4), parietal (P3, P4), and temporal posterior (TP7, TP8) electrode sites. 

Note. * differs from zero with p < .05; ** differs from zero with p < .005. 
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   P200 Old/New Effect. 

 An inspection of the data suggested that word type differences similar to those 

observed in Study 1a and Study 3a may have existed in the current study at the P200 

temporal window for the right temporal posterior site.  Therefore, exploratory post 

hoc analyses were conducted to determine if differences existed between word types 

at the TP8 electrode site between 150 and 300 ms post-stimulus.  Three single-df 

comparisons were conducted therefore, and, consistent with the Bonferonni t 

correction, the alpha was set at .017.   

 Single-df within-subjects ANOVAs were used to determine differences 

between the deep recognised, shallow recognised, shallow unrecognised and new 

conditions at the TP8 electrode site.  The deep recognised condition was significantly 

more positive than the new condition, F (1,18) = 11.05; p < .01, ωp2  = .34, and there 

was a tendency toward the shallow unrecognised condition being significantly more 

positive than the new condition F (1,20) = 6.25, p = .022, ωp2  = .22.  No difference 

existed between the shallow recognised and new condition. 
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Discussion 

 The aim of Study 4a was to determine if neural correlates of the auditory word 

form subsystem (i.e., N400 old/new effect) and auditory word explicit memory (i.e., 

LPC old/new effect) could be identified, and if the qualitative properties of these 

correlates were independent from each other.  It was predicted that the LOP 

manipulation would differentially modulate that N400 and LPC old/new effects, 

indicating a perceptual/conceptual dissociation between memory types.  Further, it 

was hypothesised that the N400 old/new effect would be insensitive to correct 

recollection, and would persist over a 30 minute interval (indicating a long-term 

memory function).  

Behavioural Data 

 As expected, more words encoded using a conceptual or ‘deep’ study task 

were recognised than those encoded using a perceptual or ‘shallow’ task.  In 

accordance with the LOP theory, this memory advantage results from the elaborative 

rehearsal strategies used when completing the deep encoding task (Craik & Lockhart, 

1972).  The behavioural outcomes of the current study validate the participants’ 

correct use of the study tasks and the resultant effect is evidence of episodic memory.   

Electrophysiological Data: A priori Analyses 

 N400 Old/New Effect. 

 As hypothesised, a N400 old/new effect was present bilaterally across the 

parietal electrodes.  This ERP component was also present at the right frontal, central, 

and temporal posterior electrode sites.  At these sites, between 300 and 500 ms post-

stimulus, amplitudes associated with the shallow recognised and shallow 

unrecognised conditions did not differ, but both were more positive than amplitudes 

associated with the new conditions.   
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  A number of the qualitative properties of the N400 old/new effect provide 

evidence to support the proposition that it is an index of the auditory word form 

subsystem.  The perceptual function of this ERP component is corroborated by the 

fact that ERPs elicited by old word types at the 300 to 500 ms interval (at parietal, and 

right frontal, central, and temporal posterior sites), were not modulated by the LOP 

manipulation.  LOP effects are typically not demonstrated in perceptual priming tests, 

an outcome which highlights the non-semantic means by which priming is facilitated.  

 The N400 old/new effect observed in the current study was also found to occur 

independently of recollection as, between 300 and 500 ms post-stimulus, no 

difference existed between forgotten and recognised auditory words.  However, all 

were associated with more positive amplitudes compared to auditory words in the new 

condition.  This indicates that the N400 old/new effect was not dependent upon 

conscious recognition.   

 Further, the N400 old/new effect persisted across a 30 minute interval between 

first and second viewing of the target objects.  As previously discussed, prior studies 

have shown that ERP old/new effects associated with priming only persist for 

approximately 15 minutes (Rugg, 1995), despite the fact that priming effects in 

behavioural tests persist across days.  The longer-lasting N400 old/new effect present 

in the current study indicates that this old/new effect is a correlate of the long-term 

PRS, in this instance the auditory word form subsystem.  A final reason why the N400 

old/new effect evident in the current study is an index of the auditory word form 

subsystem is that its operations occurred at an earlier latency than explicit memory.  

The N400 old/new effect was present between 300 and 500 ms post-stimulus, while 

the LPC old/new effect was present between 500 and 800 ms post-stimulus.  The 
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earlier occurring operations of the structural description subsystem imply a pre-

semantic and perceptually oriented operation.    

 LPC Old/New Effect (500-800 ms).  

 As hypothesised, a LPC old/new effect was present between 500 and 800 ms 

post-stimulus across central and parietal electrodes and maximal at the left centro-

parietal sites.  This effect was characterised by more positive amplitudes associated 

with words in the deep recognised condition, compared to words in the shallow 

recognised and new conditions.  The effect was maximal at the left hemisphere 

electrodes as there was evidence to suggest that the LOP manipulation modulated the 

LPC old/new effect at these electrodes more than those at the right hemisphere.  The 

difference between the deep recognised and shallow recognised conditions at the left 

hemisphere electrodes (C3: p = .009; P3: p = .001) was more significant than that 

displayed across the collapsed right hemisphere central and parietal electrodes (p = 

.05).   

 Of the left hemisphere electrodes, the difference between the deep recognised 

and new condition was greatest at the parietal site, relative to the central site.  

Therefore, the LPC old/new effect was maximal at the left parietal site.  This outcome 

is consistent with the findings of prior ERP recognition studies, which have used 

visual words (Herron, Quayle, & Rugg, 2003; Neville, Kutas, Chesney, & Schmidt, 

1986; Rugg et al., 1998; Rugg & Nagy, 1989) and objects (Schloerscheidt & Rugg, 

1997; Tsivilis, Otten, Rugg, 2001) as stimuli, and which have similarly identified LPC 

old/new effects maximal at left posterior sites.  In a previous ERP recognition study 

that has incorporated auditory words as stimuli, the LPC old/new effect has been 

localised to bilateral posterior sites (Gonsalves & Paller, 1998).  
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 Dissociation between Implicit and Explicit Memory. 

As hypothesised, spatial and temporal differences between implicit and 

explicit memory effects were identified.  The N400 old/new effect (indexing the 

auditory word form subsystem) was present bilaterally across the parietal electrodes, 

and also across all electrodes on the right hemisphere, while a LPC old/new effect 

(indexing recollection) was present across centro-parietal electrodes but maximal at 

the left hemisphere.  Further, the LOP manipulation differentially modulated the LPC 

and N400 old/new effects.  Figure 44 indicates that the magnitude of the memory 

effects at the parietal sites for the three classes of studied objects (deep recognised, 

shallow recognised, and shallow unrecognised) differs across the N400 and LPC time 

windows .  Although the N400 old/new effect generally remained unaffected by the 

study task, the LPC old/new effect was modulated by the LOP manipulation.  On this 

basis, a dissociation between implicit and explicit memory has been identified.  This 

dissociation has been established under conditions that ensure differences are not due 

to different task constraints and where explicit memory strategies have not 

contaminated priming results.  This result provides convincing evidence that the PRS 

is an independent memory system.     

 Hemispherical Asymmetries. 

 Although the N400 old/new effect (identified in the current study) was present 

across parietal sites, in relation to electrode sites examined in this study (left and right 

frontal, central, parietal, and temporal posterior sites), it was present maximally at the 

right electrode sites.  This might implicate neural mechanisms, primarily located at 

the right hemisphere, as subserving the aurally elicited N400 old/new effect.  This is 

an outcome which is consistent with propositions by Schacter and Church (1992) and 

Schacter (1994), who found evidence to suggest that that the auditory word form 
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subsystem was localised to the right hemisphere.  Further, Bergerbest et al. (2004), 

using fMRI, found that auditory priming tests incorporating environmental sounds 

elicited a priming effect in the auditory cortex that was relatively right lateralised.  

Bergerbest et al.’s finding is important as non-verbal stimuli were used, and results 

likely represent perceptual processing of acoustic and prosodic features of sounds, 

rather than semantic processing of sound.  Therefore, the observation of the current 

study, that the N400 old/new effect was maximal at the right frontal, central, parietal, 

and temporal posterior electrodes, provides electrophysiological evidence that is 

consistent with behavioural and neuroimaging outcomes.  

 In the current study the LPC old/new effect was present across centro-parietal 

electrode sites at both hemispheres but was maximal at the left parietal electrode.  The 

verbal nature of the deep encoding task may have elicited verbal memory processes 

that subsequently elicited a LPC old/new effect that was distinct at the left 

hemisphere.  Neuropsychological studies have robustly identified that the left 

hemisphere supports verbal memory (Smith, 1993).    

Electrophysiological Data: Exploratory Analyses 

 P200 Old/New Effect. 

 In the earliest latency period, between 150 and 300 ms post-stimulus a P200 

old/new effect was present at the right temporal posterior electrode site that resembled 

the P200 old/new effect previously identified in Study 1a, and Study 3a.  At the TP8 

site, the response in the deep recognised condition was significantly more positive 

than in the new condition, while a strong tendency existed for the responses in the 

shallow unrecognised condition to be significantly more positive than responses in the 

new condition.  Like Study 1a and 3a, there was no difference between the responses 

in the shallow recognised and new conditions.    
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 In Study 1a and 3a it was tentatively proposed that this effect may be an index 

of early memory search.  In these studies, the P200 old/new effect was evident at sites 

at which the N400 old/new effect was subsequently present (pp. 184-185).  This 

P200/N400 association was, to a lesser extent, also evident in the current study, as the 

P200 effect was identified at the TP8 electrode, one site at which the N400 old/new 

effect was subsequently present.  This may provide further evidence to support the 

proposal that the P200 old/new effect may represent the retrieval of perceptual 

information that is subsequently associated with the function of the N400 old/new 

effect.    

Limitations of Study 4a 

  Despite increasing the number of words in each of the deep, shallow, and new 

conditions in the current study (compared to Study 1a), the shallow recognised (M = 

19.21; Range = 10-32) and shallow unrecognised conditions (M = 17.53; Range = 10-

31) continued to elicit, in some participants, few correct responses.  Two strategies 

employed in Study 1a and 3a were also used in the current study in an attempt to 

reduce the impact that might be associated with smaller trial numbers.  The sample 

size of the current study was increased to twenty-one.  Further, a previously used 

criterion of 10 artifact-free trials per condition (Finnigan, Humphreys, Dennis, & 

Geffen, 2002) was used as a means of rejecting or accepting participant’s data.   

 The significant differences identified between conditions in the current study 

which resemble those identified by Rugg et al. (1998), and the lower variability due to 

the within-subjects nature of the design, suggest that the results represent reliable 

effects. 

 In the current study, the analysis associated with the N400 old/new effect was 

restricted to left and right frontal, central, parietal, and temporo-parietal electrodes, 
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while the analysis associated with the LPC old/new effect was restricted to the central 

and parietal electrodes.  On this basis, conclusions drawn in relation to the 

topographical appearance of these ERP components are limited to these sites.  

However, an inspection of the grand average ERP waveforms of Study 4a indicate 

that the N400 old/new effect appeared to be maximal at parietal sites, while the LPC 

ERP old/new effect was markedly apparent at the left central and parietal sites. 

Conclusion  

The current study successfully identified neural correlates of the auditory word 

form subsystem and auditory word explicit memory.   A N400 old/new effect 

(indexing the auditory word form subsystem) was present bilaterally across the 

parietal electrodes and all electrodes at the right hemisphere, while a LPC old/new 

effect (indexing recollection) was identified bilaterally at the centro-parietal 

electrodes (maximal at the left parietal site).  The electrophysiological properties of 

these two effects (i.e., spatial and temporal characteristics) indicate that qualitative 

differences exist between the two correlates.  It is believed that this study represents 

the first reporting of an implicit/explicit memory dissociation using auditory words as 

stimuli, where methodology suitably controls for task effects and where implicit 

memory effects are identified using a method that suitably reduces explicit memory 

retrieval strategies.   

The current study also identified a number of functional properties of the 

N400 old/new effect which indicate that it is a correlate of the auditory word form 

subsystem.  For example, the N400 old/new effect observed in the current study is not 

modulated by the LOP manipulation, it is not dependent on accurate recognition, it 

occurs at an early latency, and persists across a 30 minute interval.  These properties 

are consistent with those identified for the structural description subsystem in Study 
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3a.   

 A further outcome of the current study is that an ERP old/new effect was 

observed for auditory word-form priming.  ERP studies of priming and recollection 

have largely included visual words as stimuli, and of those that have used auditory 

words as stimuli, these have focussed on recollection.  As a result, the N400 old/new 

effect has not been established as an index of auditory priming.  The current study has 

provided evidence to support the proposition that the N400 old/new effect is an index 

of the auditory word form subsystem which mediates auditory priming.    

 Another outcome of this study was that a N400 old/new effect was present at 

the right temporal posterior electrode site, an interesting outcome in light of fMRI 

studies that have generally identified auditory priming effects localised to visual and 

multimodal areas.  On this basis, the results of the current study corroborate the 

proposition that auditory word priming depend upon lexical and phonological 

representations rather than acoustic representations.  The presence of a N400 old/new 

effect at the right temporal posterior electrode site (in the current study) may suggest 

that participants processed the perceptual characteristics of the word (i.e., acoustic 

properties) thereby eliciting a response from auditory regions rather than associative 

language areas.  However, a caveat to this explanation is that as ERPs have poor 

spatial resolution the N400 old/new effect present at the right temporal posterior 

electrode site may not necessarily represent neural activity associated with the 

temporal lobe. 
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Study 4b 

 The aim of Study 4b was to determine if a perceptually oriented priming task 

(i.e., auditory word-identification task) would elicit a N400 old/new effect that was 

qualitatively similar to the auditory N400 old/new effect identified in Study 4a.  This 

is based upon the proposition that, if the N400 old/new effect identified in Study 4a 

represents the working of the auditory word system of the PRS, then a data-driven or 

perceptually-oriented priming task should elicit a N400 old/new effect with similar 

temporal and spatial characteristics.  Thus, Study 4b provides a means of 

corroborating the assertion that the N400 old/new effect observed in Study 4a was a 

correlate of the auditory word form subsystem of the PRS.   

 The current study employed an auditory word-identification task to elicit 

behavioural and electrophysiological effects associated with auditory priming.  This 

task included a study and test period.  Initially auditory words were presented to 

participants in a whole format, and after an interval, old words and new words were 

presented to participants but in a degraded format (e.g., low pass filtered).  

Participants then attempted to identify words.  Participants were not told prior to 

completing the test that it was a memory test, and priming was said to occur if more 

old words were accurately identified at test compared to new words.  Previous 

research using this test has shown that stimulus identification is improved by a single 

prior exposure (Verfaellie, Keane, & Johnson, 2000; Church & Schacter, 1994; 

Schacter, Church, & Treadwell, 1994).   

 In the current study, words were acoustically degraded using a low pass filter 

which reduced the decibel level of a distribution of frequencies above a chosen cut-off 

point.  This filtering process generally leaves fundamental frequency and prosodic 

contour information intact while reducing the higher frequency information available 
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in the speech signal (Church & Schacter, 1994).  Subjectively, words that have been 

low pass filtered sound muffled.   

 This method of degrading auditory words was chosen as it does not diminish 

the fundamental acoustic properties of the target words.  In a series of studies of 

auditory priming, Schacter and Church (1992) found that behavioural indices of 

priming were attenuated when key acoustic properties of the target (at test) were 

removed.  This is consistent with the operations of the PRS where the efficient 

processing of repeated stimuli, as evidenced in priming, is believed to be due to the 

matching (across study and test sessions) of key perceptual features of the target 

(Schacter, 1990).  Schacter and Church found that priming effects were not attenuated 

when auditory words were degraded using a low pass filter.     

  The following hypotheses were set for testing in Study 4b.  A behavioural 

priming effect, characterised by more previously seen filtered words being identified 

relative to new filtered words, would be observed.   

 It was expected that the electrophysiological analyses would show that a N400 

old/new effect would be evident bilaterally across the parietal electrode sites.  This 

would be characterised by more positive amplitudes associated with auditory words in 

the shallow primed condition relative to amplitudes associated with auditory words in 

the new condition.   

Method 

Participants 

Sixteen participants were recruited from Griffith University, School of 

Psychology first year subject pool and received course credit for their participation.  

Participants had a mean age of 24.13 years (SD = 9.88); all were female.  All 

participants were right handed, had English as their first language, and reported not 
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having a brain injury.  Each gave written informed consent prior to participating in the 

study.  The protocol used in Study 4b was given ethical clearance by the Griffith 

University Human Research Ethics Committee (protocol number: PSY/58/03/hec). 

Task and Materials 

The study employed an auditory identification test, using a study/test 

paradigm.  Auditory words were presented during a study period, followed by a test in 

which study (old words) plus new words were presented in a degraded format.  A 

behavioural indication of implicit memory was that more of the degraded old words 

compared to the degraded new words were identified.  Participants were not told prior 

to commencing the tasks that they are completing a memory test or that the words 

seen at study would be repeated in the identification task. 

 The study task consisted of two conditions.  The target condition was a 

perceptual or shallow task (termed here the X task) and involved determining if the 

long vowel sounds ‘a’ or ‘e’ were in a word.  Participants responded by saying either 

“yes” or “no”.  The non-target condition was a semantic task (termed here the O task) 

required participants to incorporate an auditory word into a meaningful sentence and 

report the sentence aloud.  These tasks are the same as the study tasks used in Study 

4a.   

A group of 116 words were used, which were the same as those used in Study 

2, and the names of the objects (Snodgrass & Vanderwart, 1980) used in Study 3b.  

The mean frequency count for words (Kucera & Francis, 1967) was 39.29 per million 

(SD = 97.79).  The mean number of syllables was 1.63 (SD = .73).  The mean word 

length was 5.49 letters (SD = 1.98).  As per Study 2 and 3b, from this group two lists 

of 48 words were formed and matched for frequency count, number of syllables and 

length.  The word lists were counterbalanced so that each word appeared equally often 
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in the shallow primed and new conditions.  As a result, two separate study/test lists 

were used and these were rotated across participants.   

A non-target deep study condition was also included in the study.  This 

procedure was identical to Study 2 and 3b.  Eight fillers were used, four in each of the 

study and test lists.  Fillers were presented at the beginning and end of lists.  Fillers at 

the beginning of lists were used to further acquaint participants with the task and 

reduce primacy effects, and fillers at the end of the lists were used to reduce recency 

effects.  In total, 64 words were presented at study and 100 words at test 

Words were recorded in a quiet room by a single female speaker using the 

Goldwave 
TM (v5.10) wave file editor on a PC computer.  The mean time of the 

spoken words was .649 s (SD = .122 s).  Stimuli were digitised at a sampling rate of 

11 kHz by an analogue-to-digital sound card (16 bit).  Low pass filtering (via the 

above mentioned wave file editor) was used to degrade test words (Church & 

Schacter, 1994; Sheffert, 1998; Sommers, 1999).  Frequencies above 10 kHz were 

attenuated causing words to sound muffled.  Figure 45 illustrates the change in 

frequency observed between a normally presented word and a word filtered at 10 kHz.

 Words were presented (via closed dynamic stereo headphones (Sennheiser 
TM 

hd25 SP) at at a comfortable hearing level.  Apart from auditory stimuli, both study 

and test tasks included the appearance of visual icons (i.e., X, O, ?, *, see Figure 46) 

on a computer monitor.  Visual icons were shown centrally on a screen in black font 

on a white background.  The maximum visual angle subtended was 3o horizontally 

and 0.5o vertically. 
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      A.              B. 

 
 

Figure 45.  Diagrammatical view of the frequencies associated with the word 

“paintbrush” presented in a single female voice (A), and when low passed filtered at 

10 kHz (B). 

 

At study, each trial began with the presentation of the pre-item cue, either an 

X or O character, for 1000 ms.  This cue indicated to the participant which study task 

to complete.  A white screen followed for 900 ms, during which the auditory word 

was presented. The onset of the white screen and the auditory word occurred at the 

same time.  Finally, a question mark for 3500ms was presented during which the 

participant responded verbally to the task.  The total time of each study trial was 5400 

ms. 

At test, a fixation asterisk was presented for 2100 ms, followed by a blank 

screen for 100ms, a white screen for 900 ms (during which the degraded auditory 

word was presented at the same onset), and then a question mark for 2300 ms. During 

the period the question mark was on the screen the participant responded by first, 

pressing either a ‘yes’ or ‘no’ marked key on a response pad, and second, by saying 

either the name of the word, or “don’t know”.  The index and middle fingers of the 

right hand were used to respond.  The positions of the ‘yes’ and ‘no’ keys were 

counterbalanced across participants.  The total time of each test trial was 5400 ms.  

The stimuli presentation times for the study and test activities were the same as those 
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used in Study 4a.  Figure 46 diagrammatically illustrates the methodology used at 

study and test.  Participants were tested in an electrically shielded room, and an 

intercom was used to ensure that participants were completing the correct study task.  

Headphones were fitted to participants prior to the study task and test, and the 

participants were asked if they could comfortably hear the stimuli during the practice 

trials.  The interval between study and test was approximately 30 minutes.  The 

experiments procedure is identical to that used in Study 3b, while the methods of EEG 

recording were identical to those used in Studies 2 and 3b.  Informed consent was 

gained using the package presented in Appendix S, and instructions for the study task 

and test are provided in Appendices Q and T, respectively. 

 

 

 

            

 
Figure 46.  Diagrammatical view of study and test research methodology. 
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Results 

ERP waveforms 

 The obtained grand average ERP waveforms for the shallow primed and new 

filtered auditory conditions, across 26 scalp electrodes, are displayed in Figure 47.  

Apparent in the anterior waveforms was the P50 auditory ERP potential.  This 

component displayed a peak latency of about 60 ms, with an onset of about 35 ms.  

The P50 auditory ERP component has been studied extensively and is believed to be 

an index of sensory gating during the initial processing of stimuli (Freedman et al., 

1987).  The ‘gating’ process is a mechanism that facilitates automatic prescreening 

and filtering of the environment.  Interestingly, the P50 component was not similarly 

present in the waveforms elicited by the non-filtered stimuli of Study 4a.  Perhaps the 

muffled form of the words used in the current study caused them to be novel, which 

evoked heightened attention and the P50 effect.  A N100 auditory ERP component, 

with a peak latency of about 120 ms, was also evident in the lateral scalp sites.   

 Between approximately 300 and 500 ms, a N400 old/new effect was markedly 

present across the central, centro-parietal, parietal, and temporal posterior electrode 

sites.  Across this epoch, the negative-going wave elicited by the shallow primed 

condition was attenuated relative to the waveform elicited by the new condition.  
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Figure 47.  Grand average ERP amplitudes, elicited by the shallow primed and new auditory word 

conditions, at scalp electrode sites.  Data are depicted at 26 scalp electrodes that are representative of 

the full 32-channel array. 
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Behavioural Data 

 Significantly more studied filtered words (65 %) were correctly identified than 

new filtered words (57%), t (15) = 4.68, p <.001.  This reflected a priming effect. 

Electrophysiological Data 

The logic determining the analyses of the present study is the same as that 

described in Study 1a.  ERPs were computed for two study/response categories: the 

shallow primed condition and the new condition.  The shallow primed condition refers 

to auditory words encoded using the shallow task, that were correctly identified at 

test, when presented in a degraded format.  The new condition refers to non-repeated 

auditory words that were correctly identified when presented in a degraded format.   

 The mean amplitudes of these conditions were computed for one temporal 

period: 300 to 500 ms (i.e., N400) across eight electrode sites: the left and right 

frontal (F3, F4), central (C3, C4), parietal (P3, P4), and temporal posterior (TP7, TP8) 

electrode sites.  This temporal period is the same as that used by Rugg et al. (1998) 

(Experiment 2: semantic-judgement priming task).  Compared to Rugg et al. (1998) 

four extra electrode sites were included in the analyses (i.e., C3, C4, TP7, TP8).  The 

inclusion of these electrodes extends Rugg et al.'s (1998) analysis to enable detection 

of the N400 old/new effect at central and temporal posterior electrode sites. 

The mean, range and sum of ERP trials per condition were: shallow primed, 

21.31, 16-26, 341; and new, 19.06, 14-23, 305.  The mean and standard error of the 

mean for each condition are displayed in Table 8.   
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Table 8 

Mean amplitudes (and SEMs) of ERPs (300-500 ms) for the shallow primed and the 

new auditory words at the left and right frontal (F3, F4), central (C3, C4),  parietal 

(P3, P4), and temporal posterior (TP7, TP8)  electrode sites.  

 

  F3 
 

F4 C3 C4 P3 P4 TP7 TP8 

Experimental 
Condition 

M 
(SEM) 

μV 
300 -500 ms  

 
Shallow Primed -2.60 

(.63) 

-1.33 

(.53) 

-2.88 

(.59) 

-2.29 

(.60) 

-.16 

(.68) 

-.05 

(.64) 

-.01 

(.77) 

.09 

(.47) 

New -3.94 

(.71) 

-2.26 

(.78) 

-5.09 

(.73) 

-4.37 

(.76) 

-1.77 

(.62) 

-1.83 

(.56) 

-1.83 

(.68) 

-1.04 

(.70) 

 

 

 N400 Old/New Effect. 

 A three-way within-subjects omnibus ANOVA was conducted on mean 

amplitudes between 300 and 500 ms post-stimulus, for location (frontal, central,  

parietal, temporal posterior), hemisphere (left, right), and word type (shallow primed, 

new).  This revealed main effects for location, F (3,45) = 18.46, p < .001, and word 

type, F (1,15) = 11.48, p < .01.  The grand average ERP amplitudes elicited by the 

experimental conditions at the left and right frontal, central, parietal, and temporal 

posterior electrodes are displayed in Figure 48.  Mean averages are displayed in 

Figure 49, and the mean differences between the new and shallow primed conditions 

are presented in Figure 50. 
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   The mean of the shallow primed condition, collapsed across all electrode 

sites (frontal, central, parietal, temporal posterior), was compared with the mean of 

the new word condition, collapsed across all electrode sites, and it was found that  the 

amplitudes associated with the shallow primed condition were significantly more 

positive than those associated with new words, F (1,15) = 11.48, ωp
2  = .43, p < .01.  

The mean differences between the shallow primed and new word conditions for the 

left and right central and parietal electrode sites, and the left temporal posterior site, 

were significantly greater than zero, indicating that the auditory word priming effect 

was of a greater magnitude at these sites compared to the frontal and the right 

temporal posterior sites (as displayed in Figure 50).    

 Total means of the word conditions (shallow primed, new) collapsed at the 

four locations (frontal, central, parietal, temporal posterior) show that amplitudes at 

the temporal posterior and parietal locations were more positive relative to frontal and 

central locations (temporal posterior: M = -.70 μV, SEM = .49; parietal: M = -.95 μV, 

SEM = .47; frontal: M = -2.53 μV, SEM = .53; and central: M = -3.66 μV, SEM = .53).   
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Figure 48.  ERP amplitudes elicited by the shallow primed and the new auditory 

words at the left and right frontal (F3, F4), central (C3, C4), parietal (P3, P4), and 

temporal posterior (TP7, TP8) electrode sites. 
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Figure 49.  Mean (and SEM) ERP amplitudes elicited by the shallow primed and the 

new auditory word conditions, between 300 and 500 ms post-stimulus at the left and 

right frontal (F3, F4), central (C3, C4), parietal (P3, P4), and temporal posterior (TP7, 

TP8) electrode sites. 
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Figure 50.  Mean (and SEM) differences between the amplitude of the 300-500 ms 

latency range of ERPs to the new auditory words and ERPs to the shallow primed 

auditory words, at the left and right frontal (F3, F4), central (C3, C4), parietal (P3, 

P4), and temporal posterior (TP7, TP8) electrode sites. 

Note. * differs from zero with p < .05; ** differs from zero with p < .005. 
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Discussion 

 The aim of Study 4b was to determine if a perceptually oriented priming task 

(i.e., auditory word-identification task) would elicit a N400 old/new effect that was 

temporally and spatially similar to the auditory N400 old/new effect identified in 

Study 4a.  Such an effect would provide evidence to strengthen the proposition that 

the N400 old/new effect observed in Study 4a is an index of the perceptually oriented 

auditory word form subsystem. 

Behavioural Data 

 As hypothesised, the behavioural results of the present study reveal a priming 

effect with more previously seen filtered words being identified, compared to new 

filtered words.   

Electrophysiological Data: A priori Analyses 

 N400 Old/New Effect. 

 The auditory word-identification priming task used in the current study 

elicited a N400 old/new effect that was present across left and right frontal, central, 

parietal, and temporal posterior electrode sites.  The effect was maximal at the central, 

parietal, and the left temporal posterior sites.  This partly supports the hypotheses that 

a N400 old/new effect, characterised by more positive amplitudes associated with 

words in the primed recognised condition relative to amplitudes associated with words 

in the new condition, would be evident bilaterally across the parietal electrodes.  The 

presence of the N400 old/new effect bilaterally across the parietal electrodes 

resembles the N400 old/new effect identified in Study 4a, and provides further 

evidence that the N400 old/new effect identified in Study 4a indexes the perceptual 

operations of the auditory word form subsystem.  Consistent with the findings of 

Study 4a, the N400 old/new effect persisted across a 30 minute interval.  This 
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suggests that the effect is an index of long-term implicit memory and not a short-term 

representational memory store.   

 Across Studies 4b and 4a, the auditory N400 old/new effect was present at the 

left and right parietal electrode sites.  In general, however, a topographical difference 

was elicited across studies.  The priming task used in the current study elicited a 

bilateral N400 old/new effect at central and parietal sites, and at the left temporal 

posterior site.  In comparison, the N400 old/new effect observed in Study 4a, elicited 

not only a bilateral effect across parietal electrodes, but a right hemisphere asymmetry 

at frontal, central, and temporal posterior locations.  It is unclear as to why this 

topographical difference existed between the two auditory studies.  Perceptual 

priming tests using auditory words have been shown to elicit a right hemisphere 

asymmetry (Schacter, 1994; Schacter & Church, 1992).  However, bilateral auditory 

priming effects have also been observed in the literature.  For example, Badgaiyan et 

al. (1999) observed an aural priming effect bilaterally across the extrastriate cortex 

and at the right angular gyrus.   

Limitations of Study 4b 

 One limitation of the current study, present also in Study 2 and 3b, is that 

while methods were incorporated into the study to reduce participants’ use of explicit 

memory strategies, there were no behavioural indicators that showed explicit memory 

was reduced.  However, there are a number of properties relating to the ERP 

waveform (elicited by the priming task used in the current study), that indicate that a 

priming effect rather than an explicit memory effect was observed.  First, a LPC 

old/new effect, characterised by an increased positivity in amplitudes, onsetting about 

500 ms post-stimulus at the left parietal site, was not evident in the waveforms (see 

Figures 47 and 48).  In ERP studies, the LPC old/new effect is a very robust indicator 
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of explicit memory (even when auditory words are used as stimuli), and this effect 

was not present in the current data.  If explicit memory strategies were used in the 

current study, a LPC old/new effect should have been evident.  However, this was not 

the case, as the magnitude of the difference between the old and new waveforms 

appeared to be relatively constant from approximately 300 ms onwards. 

 Further, the properties of the N400 old/new effect elicited in the current study 

are consistent with it being an indicator of a pre-semantic function.  For example, it 

occurs within a 300 to 500 ms epoch, which is relatively early in the hierarchical 

order of cognitive processing, and thus indicates a pre-semantic function.  More 

conceptually-oriented functions, such as recollection memory which is enhanced with 

deeper-levels of encoding, typically elicit ERP components at later temporal windows 

(e.g., LPC old/new effect).  Also, an inspection of the grand average ERP amplitudes 

across the scalp electrodes (see Figure 47) indicated that the N400 old/new effect 

observed in the current study was present bilaterally across electrode sites.  The fact 

that it was present bilaterally across sites, and was not maximal at the left site as 

might be expected for an explicit effect (as observed for the LPC old/new effect), 

suggests it does not represent an explicit effect.   

Conclusion 

 Using a priming task considered a ‘pure’ form of perceptual priming (Jacoby 

& Hayman, 1987; Schacter & Buckner, 1998) a behavioural and electrophysiological 

priming effect was elicited that temporally, and in part spatially, resembled the N400 

old/new effect identified in Study 4a.  Study 4b therefore provides evidence to support 

the perceptual operations of the auditory word form subsystem.   
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CHAPTER SIX: GENERAL DISCUSSION 

 This research programme has provided a clear demonstration of the 

differences between implicit and explicit memory.  Qualitative differences have been 

observed between the three subsystems of the PRS and explicit memory, which 

indicates independent operations.  This dissociation has been achieved when the two 

types of memory are tested concurrently, rather than using different tasks, and in a 

way that minimises the possible confounding of implicit, by explicit, memory.   

Studies 1a, 1b, and 2, reported in Chapter 3, were directed to replicating the findings 

of Rugg et al. (1998) using highly similar procedures.  Visually presented words were 

used to identify neural correlates of priming and explicit memory.  The substantial 

success of these studies made possible an extension of the experimental work of the 

study to include objects as stimuli (Studies 3a and 3b, reported in Chapter 4) and 

words presented aurally (Studies 4a and 4b, in Chapter 5).  Thus the three subsystems 

of the PRS were examined using theoretically appropriate stimuli.  Prior to this 

research programme, there have not been any replications of the findings of Rugg et 

al. (1998) reported in the literature and no attempts to use stimuli in domains other 

than the visual.  This research programme has therefore closed this gap in the 

literature.  This chapter will summarise the key findings of this research programme, 

discuss the contribution of these findings, and consider the limitations and areas of 

further research associated with them.   

Summary of Findings: A Priori Analyses 

Study 1 & 2: Visual Word Form Subsystem 

 The outcomes of Study 1 substantially replicate those of Rugg et al. (1998).  

Rugg et al. (1998), using ERPs, were the first to dissociate the visual word form 

subsystem from explicit memory using methods that concurrently tested both types of 
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memory and minimised explicit memory retrieval strategies in the implicit memory 

condition.  Rugg et al. (1998) observed two qualitatively different ERP old/new 

effects associated with visual word-form priming and recollection memory.  These 

effects are the N400 and LPC old/new effects, respectively.  First, a N400 old/new 

effect was present at bilateral parietal sites between 300 and 500 ms post-stimulus.  

This was identified as an index of visual word-form priming as it was present 

independent of conscious recognition and was insensitive to the LOP manipulation.  

Both of these characteristics have previously been shown, in neuropsychological and 

behavioural studies, to be associated with visual word-form priming.  Rugg et al. 

(1998) confirmed the functional significance of this effect using the outcomes of a 

standard priming task, the semantic-judgement priming task. 

 A second ERP old/new effect observed by Rugg et al. (1998) was the LPC 

old/new effect, which was maximal at the left parietal site between 500 and 800 ms 

post-stimulus.  The LPC old/new effect was an index of recollection memory, as word 

conditions across this temporal window (500 to 800 ms) were influenced by the LOP 

manipulation.  That is, more positive amplitudes were associated with words 

previously studied in a deep encoding condition, relative to words studied in a shallow 

encoding condition.  Behavioural studies have consistently shown that recollection is 

positively associated with the LOP manipulation, that is, words studied using deeper 

processing generally elicit better retention than words studied using perceptual 

processes (Craik & Lockhart, 1972; Jacoby & Dallas, 1981).   

Study 1 of this research programme, using methods that were highly similar to 

Rugg et al. (1998), observed ERP old/new effects which were spatially and 

temporally consistent with those identified by Rugg et al. (1998).  A N400 old/new 

effect, present bilaterally across the parietal electrode sites between 300 and 500 ms 
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post-stimulus was found to be insensitive to recognition accuracy and the LOP 

manipulation.  Further, a LPC old/new effect, present at left centro-parietal sites 

between 500 and 800 ms post-stimulus, was influenced by the LOP manipulation.  

 The qualitative properties of the N400 old/new effect identified in Study 1 

provide evidence to support the proposition that this effect is an index of the visual 

word form subsystem.  For example, the N400 old/new effect was not sensitive to the 

LOP manipulation or accurate recollection, and its early temporal appearance 

indicates a perceptual, non-conscious mechanism (relative to a later going semantic 

and conscious mechanism).  These results converge with conclusions from 

neuropsychological and behavioural studies concerning the properties of the visual 

word form subsystem. 

 In Study 2, a perceptually oriented priming task (i.e., word-identification task) 

was used to corroborate the functional significance of the N400 old/new effect 

identified in Study 1a.  Because the current research was concerned with the functions 

and properties associated with the PRS, a perceptually oriented priming task was used 

to confirm the functional significance of the priming effect observed in Study 1a.   

The task elicited a N400 old/new effect that was temporally and spatially similar to 

the N400 old/new effect identified in Study 1a.  This provided further support for the 

conclusion that the N400 old/new effect identified in Study 1a was a correlate of the 

visual word form subsystem.   

Study 3: The Structural Description Subsystem 

Study 3 was directed to extending Rugg et al.’s (1998) methods to examine the 

structural description subsystem of the PRS.  In this study, pictures of objects were 

used as stimuli.  Consistent with the outcomes of Study 1a, N400 and LPC old/new 

effects were observed and these were influenced by recognition accuracy and the LOP 
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manipulation in an expected way.  However, unlike Study 1a, the N400 old/new effect 

observed in Study 3a was only present at the right parietal site.  This effect supports 

the findings of neuropsychological studies, divided visual field studies, and 

neuroimaging studies, that have identified an object-identification advantage 

associated with the right hemisphere.  

Although a spatial difference existed in the location of the N400 old/new 

effect between Study 1a and 3a, no such effect was evidenced with the LPC old/new 

effect.  Across both studies, the LPC old/new effect was maximal at left posterior 

sites.  Prior studies have observed similarly located LPC old/new effects associated 

with explicit memory tests which incorporate objects as stimuli (Schloerscheidt & 

Rugg, 1997; Tsivilis, Otten, Rugg, 2001).  The left lateralisation of the LPC old/new 

effect observed in Study 3a may be due to participants using verbal processes to 

encode and retrieve objects, thereby activating the left medial temporal lobe, which is 

thought to be engaged to a greater extent than the right medial temporal lobe in verbal 

memory.   

  The qualitative differences that exist between the N400 and LPC old/new 

effects in Study 3a indicate a dissociation between object priming and explicit 

memory.  This result represents the first reported dissociation between object priming 

and explicit memory when the method employed to do this reduced explicit memory 

retrieval strategies in the priming condition, and tests were presented concurrently. 

The qualitative properties of the N400 old/new effect identified in Study 3a 

indicate that this effect is a correlate of the structural description subsystem.  These 

properties were generally consistent with those identified in Study 1a, and associated 

with the visual word form subsystem.  Across both studies, the N400 old/new effect 

was not sensitive to the LOP manipulation, it was not reliant upon accurate 
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recollection, and its early temporal appearance indicates the workings of a perceptual, 

non-conscious mechanism (relative to a later going semantic and conscious 

mechanism).  Further, the N400 old/new effect elicited in Study 3a was longer-lasting, 

persisting across a 30 minute interval.  This supports the proposition that this effect is 

a correlate of a long-term PRS, namely the structural description subsystem.   

Consistent with Study 1a, two subcomponents of the ERP old/new effect were 

identified in Study 3a: the N400 and LPC old/new effects.  The LPC old/new effect 

has been previously identified in ERP studies of object recognition but the N400 

old/new effect believed to index priming had not been observed.  This study has 

elicited two properties concerning this subcomponent of the ERP old/new effect.  

First, the effect is present when objects are used in priming tests.  Second, it persists 

across a 30 minute interval, indicating a long-lasting effect that is consistent with 

behavioural outcomes of priming  

  In Study 3b, a perceptually oriented priming task elicited a N400 old/new 

effect that was observed at the right parietal site.  The temporal and spatial properties 

of this effect are consistent with those associated with the N400 old/new effect 

identified in Study 3a.  Further, similar to Study 3a, the N400 old/new effect was 

present after a 30 minute interval.  This provides evidence to support the conclusion 

that the N400 old/new effect identified in Study 3a, at the right parietal electrode site, 

was a correlate of the perceptually oriented structural description subsystem of the 

PRS.  

Study 4: The Auditory Word Form Subsystem 

Study 4 was directed to extending Rugg et al.’s (1998) methods to examine the 

auditory word form subsystem of the PRS.  In this study, auditory words were used as 

stimuli.  Consistent with the outcomes of Study 1a and 3a, N400 and LPC old new 
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effects were observed and these were influenced by recognition accuracy and the LOP 

manipulation in an expected way.  In Study 4a, a N400 old/new effect was present at 

bilateral parietal sites and across right hemisphere sites (frontal, central, and temporal 

posterior sites) between 300 and 500 ms post-stimulus.  This result was consistent 

with the outcomes of other studies which have observed a right hemisphere advantage 

associated with perceptual auditory priming.  A LPC old/new effect, which was 

sensitive to the LOP manipulation, was maximal at the left centro-parietal sites 

between 500 and 800 ms post-stimulus.  The fact that the LPC old/new effect was 

maximal at left centro-parietal sites (relative to right frontal, central, parietal, and 

temporal posterior sites), suggests that this effect might be elicited by verbal memory 

processes. 

  The qualitative differences that exist between the N400 and LPC old/new 

effects in Study 4a indicate a dissociation between auditory priming and explicit 

memory.  This result represents the first reported dissociation between auditory 

priming and explicit memory, when the method employed to do this reduced explicit 

memory retrieval strategies in the priming condition, and tests were presented 

concurrently.  

The qualitative properties of the N400 old/new effect identified in Study 4a 

indicate that this effect is a correlate of the auditory word form subsystem.  These 

properties were consistent with those identified in Study 3a.  Across Study 3a and 4a, 

the N400 old/new effect was not sensitive to the LOP manipulation, it was not reliant 

upon accurate recollection, its early temporal appearance indicates the workings of a 

perceptual, non-conscious mechanism (relative to a later-going semantic/conscious 

mechanism), and the long-lasting temporal persistence of the effect indicates it is 

subserved by a long-term memory system.  Compared to the N400 old/new effects 
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elicited in Study 1a and 3a, the aurally elicited N400 old/new effect was present 

across a greater array of spatial sites.  The qualitative similarities and spatial 

differences across priming modes provides convincing evidence to support the view 

that, although each of the subsystems of the PRS have common rules of operation, 

they are subserved by unique loci which facilitates the discrete functions of each 

domain.  The presence of the N400 old/new effect at the right temporal posterior 

electrode site suggests that secondary auditory areas may play a role in mediating 

auditory word priming. 

Two subcomponents of the ERP old/new effect were identified in Study 4a: 

the N400 and LPC old/new effects.  The LPC old/new effect has been previously 

identified in other ERP studies of auditory word recognition.  However, the aurally 

elicited N400 old/new effect, believed to index priming, has not previously been 

observed.  Like the N400 old/new effect elicited by object priming, this effect 

persisted across 30 minutes indicating the long-term memory nature of the effect.  

  In Study 4b, a perceptually oriented priming task elicited a N400 old/new 

effect that was maximal at bilateral central and parietal sites and the left temporal 

posterior site.  The temporal and spatial properties of this effect are generally 

consistent with those associated with the N400 old/new effect identified in Study 4a.  

Further, consistent with Study 4a, the N400 old/new effect was present after a 30 

minute interval.  The similarlity of these properties across Study 4a and 4b, provides 

evidence to support the conclusion that the N400 old/new effect identified in Study 4a 

was a correlate of the perceptually oriented auditory word form subsystem of the PRS.  
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Comparisons Across A priori Analyses 

Recognition Tasks (Study 1a, 3a, 4a) 

 Priming and explicit memory effects were identified in each recognition test.  

In the visual word, object, and auditory word-recognition tests the explicit memory 

effect was evident at the LPC temporal window and was maximal at left parieto-

central regions.  The left asymmetry of the LPC old/new effect observed in this thesis 

is consistent with the findings of other ERP studies.  For example, the LPC old/new 

effect using visual words as stimuli is robustly identified at left posterior regions (for 

reviews see Donaldson, Allan, & Wilding, 2002; Rugg & Allan, 2000a,b).  Studies 

have also identified a similar left laterality associated with the LPC old/new effect for 

objects (Schloerscheidt & Rugg, 1997; Tsivilis, Otten, Rugg, 2001).  Where auditory 

words have been used as stimuli in recognition tests, LPC old/new effects have been 

identified but at more bilateral regions (Gonsalves & Paller, 1998).  

 A N400 old/new effect that appeared to index priming was also present across 

each mode of the recognition tests.  Spatially, this effect was present most consistently 

across tests at parietal sites and specifically the right parietal site.  This may suggest 

that a common area that subserves the PRS is located in the posterior regions of the 

cortex.  These outcomes are consistent with findings from neuroimaging studies that 

have identified priming-associated repetition-suppression effects associated with 

visual word (Buckner, et al., 1995; Halgren et al., 1997; Schacter & Buckner, 1998), 

object (Buckner et al., 1998, 2000; Henson, Shallice, & Dolan, 2000; Meister et al., 

2005; Reber, Gitelman, Parrish, & Mesulam, 2005; Simons et al., 2001, 2003), and 

auditory word (Badgaiyan, Schacter, & Alpert, 1999; Badgaiyan, Schacter, & Alpert, 

2001; Buckner, Kouststaal, Schacter, & Rosen, 2000; Carlesimo et al., 2003; Wheeler, 
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Petersen, & Buckner, 2000) priming tasks in secondary sensory and associative areas 

of the cortex.   

 Each mode of priming displayed N400 old/new effects at the right hemisphere, 

a spatial distribution that was not generally evident for the explicit memory correlates.  

The N400 old/new effects observed at the right hemisphere electrodes are also 

consistent with the proposition that the right hemisphere, compared to the left, is more 

engaged in perceptual priming.  This observation has been consistently identified in 

studies across each mode of priming and across neuropsychological, behavioural, and 

neuroimaging studies.   

Summary of Findings: Exploratory Analyses 

P200 Old/New Effect 

 Although the functional significance of the P200 old/new effect in relation to 

memory remains unclear, the current research programme provides evidence to 

suggest that the P200 old/new effect may index an initial memory search for the target 

stimulus.  Across each recognition test and independent of mode, a similar P200 

old/new effect was evident at sites where the subsequent priming effect was elicited.  

The effect was characterised by stimuli in the deep recognised and shallow 

unrecognised condition eliciting more positive amplitudes than the new condition.  

The shallow recognised condition was not significantly different to the new condition.  

Therefore, it was tentatively suggested that this effect may represent an early search 

for context specific information (possibly perceptual in nature) which recollection 

memory and priming appear (or are able) to utilise, whereas familiarity is not reliant 

on this information. 

 Although the effect was evident across each mode of the recognition test, it 

was maximally present in the visual word-recognition test.  This may have been due 
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to task differences between Study 1a and the other tests.  For example, relative to 

other studies, Study 1a included a much shorter interval between study and test 

periods and participants were not told prior to the study period that they were 

completing a memory test.    

Contributions of this Research Programme 

 Evidence to support the PRS has come from a number of sources: 

neuropsychological studies of brain injured patients, experimental dissociations in 

non-clinical samples between explicit memory and priming, and neuroimaging studies 

in which priming has been associated with decreased neural activity at specific 

anatomical sites.  Although informative with respect to the theory, each of these 

methodologies has its own limitations.  This research programme has overcome a 

number of previous limitations of studies of priming, enabling the examination of the 

domain specific subsystems of the PRS.  As a result, qualitative differences have been 

observed between the three subsystems of the PRS and explicit memory, which 

indicate independent operations.  This dissociation has been achieved when the two 

types of memory are tested concurrently, rather than using different tasks, and in a 

way that minimises the possible confounding of implicit by explicit memory.   On this 

basis, convincing evidence is provided to support the MMS theory.   

 Further, the methods of this research programme (based on Rugg et al., 1998) 

have been shown to be a sensitive tool for studying the properties of the PRS 

postulated by Tulving and Schacter as underlying priming.  The priming effect 

elicited by each of the three subsystems was characterised by pre-semantic and non-

conscious processing of the perceptual features of stimuli.  The priming effect elicited 

by objects and aural words was also found to be longer-lasting effects (> 30 min).  

This provided evidence to support the long-term nature of the subsystems underlying 
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priming.  Further, they converge with the conclusions of neuropsychological and 

behavioural studies in relation to the characteristics of the subsystems of the PRS.  

Taken together, the characteristics of the three subsystems of the PRS identified in 

this research provide evidence to support the PRS and MMS theories.  These results 

confirm the MMS theory, because operations and properties of the PRS have been 

identified, which converge with the conclusions that other research perspectives have 

similarly associated with the PRS.  Schacter and Tulving (1994) identified three 

criteria for identifying different memory systems: class inclusion operations, 

properties and relations, and convergent dissociations.  On the basis that evidence has 

been provided that satisfies these three criteria, the results of this research programme 

strongly support the view that multiple memory systems mediate human memory.   

A final contribution of this research programme relates to ERP methods and 

memory.  ERP studies of memory have consistently identified ERP old/new effects.  

In recent years, two subcomponents of this effect have been identified: the LPC 

old/new effect that appears to relate to recollection, and the N400 old/new effect that 

subserves priming.  Of these components, the LPC old/new effect has been most 

robustly identified in ERP studies.  However, evidence is accumulating in the 

literature which supports the involvement of the N400 old/new effect in visual word-

form priming.  This research programme has observed N400 old/new effects across 

three modes of priming.  This outcome is important as there are no reports in the 

literature of N400 old/new effects associated with object and auditory priming.  These 

results provide evidence to support the functional significance of the N400 old/new 

effect as an index of the PRS subsystems that support priming.     
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Limitations and Areas of Future Research 

Limitations  

 Two design limitations can be identified in this thesis, and these were 

considered in the discussion sections of each study.  The first limitation was that, in 

each of the recognition tests, both shallow encoding conditions (i.e., shallow 

recognised and shallow unrecognised) elicited few correct responses in some 

participants.  A second limitation was that perceptual priming tasks used across modes 

(i.e., visual word, object, and auditory word-identification tasks) did not include a 

manipulation that differentially influenced explicit memory and priming.  Despite 

these limitations, evidence was provided to support the proposition that the N400 

old/new effects, observed in the recognition and identification tests, indexed the 

operations of the subsystems of the PRS.  This evidence supports the view that this 

effect was not due to explicit memory retrieval strategies.   

 There are two other weaknesses of this research programme, which are 

associated with the type of analyses undertaken.  The first of those relate to the means 

by which ERP components were identified.  Recently, a number of authors have 

highlighted the advantages of using PCA to identify ERP components (Munte, 

Urbach, Duzel, Kutas, 2000; Van Boxtel, 1998), with two ERP researchers suggesting 

that we were currently experiencing a “renaissance” of PCA in ERP studies (Kayser 

& Tenke, 2005).  As part of this development, optimal methods for using PCA with 

ERP data have been identified (Dien , 2006; Kayser & Tenke, 2003).    

 There are a number of advantages that PCA offers ERP studies which are 

pertinent to the current thesis.  These include its ability to parsimoniously decompose 

an entire data set (i.e., all participants, electrodes, sampling points, and experimental 

conditions) and to identify latent and independent ERP components.  In the current 
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thesis, running an initial PCA on the data from each study would have been a useful 

“pre-processing” step, whereby identified principal components could have informed 

subsequent analyses.  For example, the PCA method would have been an ideal means 

of identifying the epochs across which grand average ERP means were calculated.  In 

the current thesis, epochs were chosen on the basis of a priori knowledge about 

component latency and visual inspection of the data, methods consistent with the large 

majority of ERP old/new memory effect studies.  Results from a PCA, however, could 

have provided a more precise (and objective) means of choosing these temporal 

windows.   

 The gross morphology of the N400 and LPC old/new effects present in Study 

1a were relatively distinct, and this enabled quite a ‘simple’ quantification of mean 

differences across specific epochs.  This method has been particularly successful in 

identifying cognitive ERP effects, such as the ‘oddball effect’ and old/new effects 

(Kayser & Tenke, 2005).  Increasingly however, PCA provides a more precise means 

of extracting ERP components from dense electrode arrays, particularly when 

component characteristics are not evident after a thorough inspection of the 

waveforms.  Although PCA is not without its weaknesses, for example, the temporal 

PCA is unable to separate variance due to amplitude differences and variance due to 

latency differences (Munte, Urbach, Duzel, Kutas, 2000), in general it appears as 

though the PCA will be the method of choice for identifying ERP components and 

associated generators in ERP studies.  Further, these methods go beyond using PCA 

for descriptive purposes to summarise whole data sets but include a wide array of 

methodological outcomes that facilitate the quantification of ERP data.   

 A final weakness associated with the analyses of the current thesis, concerns 

the use of within-subjects ANOVAs to determine differences between conditions.  It 
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must be acknowledged that an alternative strategy would have to undertake a analysis 

at all sites rather than those of interest in the light of previous work.  Such an 

exploration may well have thrown up effects at sites other than those that were the 

focus of the present investigation, although determining the reliability of such effects 

would depend on replication in subsequent studies.  Testing a large number of 

interactions for significance does increase the likelihood of Type 1 errors.  That said, 

a more extensive exploration of effects than attempted here awaits further work. 

Areas of Future Research 

 Evidence from this thesis indicates that the ERP old/new effect is a useful 

means of examining different types of memory.  In the last 20 years there has been a 

surge of interest in ERP old/new effects and this has largely focussed on eliciting LPC 

old/new effects in recognition tasks, identifying non-mnemonic effects in the LPC 

old/new effect, dissociating ERP old/new effects associated with recollection and 

familiarity, and identifying the functional significance of the LPC old/new effect.  

Few studies have focused on N400 old/new priming effects and, of those that have, 

all, apart from the current research programme, have focused on visual word-form 

priming.  Further, no studies have concurrently tested different modes of priming.  It 

would be useful to determine characteristics of different types of priming when task 

constraints remained the same.  ERPs are ideally suited for use in priming as they 

enable covert functions to be examined.  Common priming paradigms used in 

behavioural studies could be converted for use in ERP studies to achieve these 

outcomes.      

 An associated area of future research is the study of the mnemonic P200 

old/new effect.  This research programme has identified a P200 old/new effect which 

appears to be present for recollection and priming, but not familiarity.  Additional 
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observation of this effect may lead to further insight into the way the three types of 

memory interact with each other, and if some aspects of the memory systems overlap 

in their function.  
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APPENDIX A 
 
The informed consent package used in Study 1a and 1b8  
 

C O N S E N T  F O R M  
 

Information Sheet 
 

 Chief Investigators .......................  Professor John O’Gorman, PhD 
  .......................  Dr David Shum, PhD 
 Assistant Investigator .......................  Jill Harris BA(Hons) 
 School .......................  Applied Pyschology 
 Telephone .......................  07 3875 3333 
 

This project is a partial requirement for the degree of Doctor of Philosophy, in the 
School of Applied Psychology, Faculty of Health Sciences at Griffith University. 

It is a research project and is not a part of the curriculum or normal school activity. 
 

Neuroelectric Activity Associated with Various Cognitive Tasks. 
 

The aim of this study is to use electrical recordings of brain activity to 
investigate the neural processes underpinning various cognitive tasks. 

You will be asked to complete two tasks.  Both tasks involve the use of a 
computer screen and keyboard.  You will be shown words on a computer screen and 
asked to respond to these words using the keyboard.  The tasks are not a measure of 
intelligence, but are used to stimulate different brain processes. 

The study uses an Electroencephalograph (EEG) to measure brain function.  It 
does this by analysing the scalp electrical activity generated by brain structures.  EEG 
recordings are taken using electrodes that are attached to the scalp using an electrode 
cap and conductive gel.  The small electrical signals detected by the electrodes are 
amplified thousands of times, then stored to computer memory. 

The EEG used is commercially designed and meets regulated safety standards.  
The assistant researcher will follow recommended procedures for recording EEG and 
will follow published guidelines for safety.  Participants will remain anonymous in 
this project.  Data will not include the participants’ name, or any information that 
could identify them.  Participants will be referred to using a code number.  Your 
participation in the project is completely voluntary.  Your refusal to participate will 
involve no penalty or loss of benefits to which you might otherwise be entitled.  You 
may discontinue participation at any time without penalty or without providing an 
explanation. 
This study will take approximately 90 minutes to complete.  This includes the time 
taken to place the electrode cap onto your head.   

You may contact the chief investigators about any matter of concern regarding 
the research on the contact number provided.  If you have any complaints concerning 
the manner in which this study is conducted please discuss these issues with the 
assistant investigator.  If however an independent person is preferred you can contact 
either: 

 

                                                 
8 The information sheet and consent form were printed on Griffith University letterhead. 
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The University’s Research Ethics Officer 
Office for Research 
Bray Centre 
Griffith University 
Kessels Road 
 NATHAN  QLD  4111 
(07) 3875 6618 

Pro-Vice-Chancellor (Administration) 
Bray Centre 
Griffith University 
Kessels Road 
NATHAN  QLD  4111 
(07) 3875 7343 

 
 
 A summary of the overall outcomes of the research work will be made 
available to you at the completion of the research project.  If you would like to receive 
this please notify the researcher.  Thankyou for your participation in this research, it is 
greatly appreciated.   Participation in this research allows you to earn first year subject 
credits. 
 
Thank-you, 
 
Jill Harris 
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C O N S E N T  F O R M  
 

Neuroelectric Activity Associated with Various Cognitive Tasks. 

  

The aim of this study is to use electrical recordings of brain activity to 
investigate the neural processes underpinning various cognitive tasks. 

You will be asked to complete two tasks.  Both tasks involve the use of a 
computer screen and keyboard.  You will be shown words on a computer screen and 
asked to respond to these words using the keyboard.  The tasks are not a measure of 
intelligence, but are used to stimulate different brain processes. 

The study uses an Electroencephalograph (EEG) to measure brain function.  It 
does this by analysing the scalp electrical activity generated by brain structures.  EEG 
recordings are taken using electrodes that are attached to the scalp using an electrode 
cap and conductive gel.  The small electrical signals detected by the electrodes are 
amplified thousands of times, then stored to computer memory. 

A summary of the overall outcomes of the research work will be made 
available to you at the completion of the research project.  If you would like to receive 
this please notify the researcher. 

 
I, the undersigned, acknowledge that: 

My involvement in this research is entirely voluntary and I am under no 
obligation to participate in this study. As a participant I retain the right, at any time, to 
discontinue participation at any time without penalty or without providing an 
explanation.  

Participants will remain anonymous in this project.  Data will not include the 
participants’ name, or any information that could identify them.  Participants will be 
referred to using a code number.  At no time will any data be used by anyone except 
the Chief Investigators or Assistant Investigator. 

I have read the information sheet and the consent form.  I agree to participate 
in the above mentioned research project and give my consent feely.  I understand that 
the study will be carried out as described in the information statement, a copy of 
which I have retained.  I realize that whether or not I decide to participate is my 
decision and will not affect my studies.  I also realize that I can withdraw from the 
study at any time and that I do not have to give any reasons for withdrawing.  I have 
had all questions answered to my satisfaction. 

 
 

 

______________________  /   / 

Participant    Date 

 

 

______________________  /   / 

Investigator    Date 
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APPENDIX B 

The medical history pro forma used in all of the studies completed in this thesis 

 

 
P A R T I C I P A N T  Q U E S T I O N N A I R E  

 
 
 
 

PART 1: General Information 
 
 
DATE: ...................................  

AGE: ...................................  

GENDER: ...................................  

 

PART 2: Medical History 
 
 
1. Have you ever experienced any of the following neurological conditions? 

a. Epilepsy        Yes / No 

b. Stroke         Yes / No 

c. Tumour        Yes / No 

d. Encephalitis        Yes / No 

e. Other (please list)       Yes / No 

 ...........................................................  

 ...........................................................  

2. Have you ever been unconscious after an injury?   Yes / No 

3. Do you wear glasses to correct your vision?    Yes / No 

4. Do you have any hearing problems?     Yes / No 

5. Which hand do you use to write?     Left/ Right 
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APPENDIX C 
 
The instructions for the study task used in Study 1a, 1b, and 29,10 
 
 In the following activity you will be shown a word on the computer screen and 

directed to complete one of two tasks - an “X” or “O” task, using the word.  Prior to a 

word appearing on the screen, a symbol (“X” or “O”) will appear on the screen.  This 

symbol will indicate which of the two tasks you will complete.  These symbols will 

appear randomly.   

The “X” Task 

 If an “X” precedes the word your task is to decide whether the first and last 

letters of the word are in alphabetical order.  You respond to this task by saying aloud 

either “YES”, “NO” or “SAME”. 

Say “YES” if the first and last letter of the word are in alphabetical order. 

Say “NO” if the first and last letter of the word are not in alphabetical order. 

Say “SAME” if the first and last letter of the word are the same. 

For Example  

If “X” precedes the word “dream”, the correct response is “YES”, as ‘d’ and ‘m’ are 

in alphabetical order. 

If “X” precedes the word “made”, the correct response is “NO”, as ‘m’ and ‘e’, are 

not in alphabetical order. 

If “X” precedes the word “deed”, the correct response is “SAME”, as ‘d’ is the first 

and last letter. 

The “O” Task 

                                                 
9 Instructions for each study task / test across studies were presented in a booklet format 
10 The Study 1a and 1b instruction booklet noted that the “?” remained on the computer screen for 10 
seconds, while the Study 2 instruction booklet stated that the “?” was on the screen for 6 seconds. 
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 If an “O” precedes the word your task is to make a meaningful sentence using 

the word.  You respond to this task by saying the sentence aloud.  You cannot repeat 

sentences.    

For Example  

If an “O” precedes the word ‘elephant’, a correct response is “An elephant is larger 

than a lion.” 

If an “O” precedes the word ‘home’, a correct response is “Most days I get home from 

work at 6pm”. 

If an “O” precedes the word ‘capsicum’ an incorrect response is “A capsicum is 

grown under the ground”. 

 After a word has appeared on the screen a question mark (“?”) will appear.  

Respond to both tasks only when the “?” appears on the screen.  Remember, make 

your response to both tasks verbally.  The “?” will stay on the screen for 10 seconds.  

If you have not responded to the task in this time, the symbol (“X” or “O”) indicating 

the task for the next word will automatically appear on the screen.  This indicates that 

you must move onto the next word.  Complete the task as quickly and as accurately as 

possible.  Five practice trials will now follow.  Do you have any questions?  Ask the 

researcher now.  When you’re ready press the space bar to start the practice trials. 

Participant completes practice trials 

 Well Done!  You have successfully completed five practice trials.  Do you 

have any further questions regarding this activity? Remember, respond to each task 

only when you see the “?” on the screen.  Press the space bar when you are ready to 

begin. 
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APPENDIX D 

The instructions for the recognition test used in Study 1a 

 In the following activity a word will be shown on the computer screen.  Your 

task is to decide whether or not it was used in the first experiment you did today.  

You make your response by pressing one of two keys on the keyboard.   

If you think the word was used in the previous experiment, press the key with “yes” 

written on it.  If you think the word was not used in the previous experiment, press the 

key with “no” written on it. Press the key using either your left or right forefinger.   

Respond as accurately and as quickly as you can.  Make your response only when a 

question mark “?” appears on the screen. 

 Prior to the each word appearing on the screen an asterisk “*” will appear on 

the computer screen for 2 seconds.  Then the word will appear, then the “?” will 

appear on the screen. 

 It is important that during this experiment you remain as still and relaxed as 

possible.  It is also important that you maintain fixation on the centre of the computer 

screen.  It is important that you blink and move only when the “*” appears on the 

screen. 

 Six practice trials will now follow.  Do you have any questions?  Ask the 

researcher now.  When you’re ready press the space bar to start the practice 

trials.actice 1. 

Participant completes practice trials 

 Well Done!  You have successfully completed 6 practice trials.  Do you have 

any further questions regarding this activity?  Remember, respond to each task only 

when you see the “?” on the screen.  Also, refrain from movement and eye blinking 
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apart from when the “*” appears on the screen.  Press the space bar when you are 

ready to begin. 
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APPENDIX E 
 
The exploratory and a priori route used to explain significant omnibus ANOVA 
interactions 
 
ANOVA analyses: Exploratory Route 

 
 
 
ANOVA analyses: A priori Route 
 

 
 
  

Contrast 
(not significant)   

Contrast 
(significant) 

as determined by a priori hypotheses 

Level 1 

Level 2 

Level 3 

Level 4 
single df tests 

3 way Omnibus ANOVA 
(significant interaction)

2 way ANOVA 
(not significant)   

2 way ANOVA 
(significant) 

1 way ANOVA 
(not significant)   

1 way ANOVA 
(significant) 

Level 1 

Level 2 

Level 3 

Level 4 
Single-df tests 

3 way Omnibus ANOVA 
(significant interaction)

2 way ANOVA 
(significant) 

Planned 
Comparison 

(not significant)  

Planned 
Comparison 
(significant) 
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APPENDIX F 
A comparison of the N400 ERP old/new effect (A) and the LPC ERP old/new effect (B) 
elicited by the recognition test used by Rugg et al. (1998) and from Study 1a of the current 
thesis.   
A: The grand average ERP amplitudes for the shallow recognised, shallow unrecognised, and new 
word conditions at the frontal and parietal electrode sites, from the Word Recognition Test used by 
Rugg et al. (1998)a and Study 1a of this thesisb.  These word conditions highlight an N400 ERP 
old/new implicit memory effect. 
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B.The grand average ERP amplitudes for the deep recognised, shallow recognised, and new word 
conditions at the frontal and parietal electrode sites, from the Word Recognition Test used by Rugg 
et al. (1998)a and Study 1a of this thesisb.  These word conditions highlight a LPC ERP old/new 
explicit memory effect. 
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APPENDIX G 
A comparison of the N400 ERP old/new effect elicited by the semantic-judgement priming task 
used by Rugg et al. (1998) and from Study 1b of the current thesis.   

 
The grand average ERP amplitudes for the deep, shallow, and new word conditions at the frontal 
and parietal electrode sites, from the Semantic Judgement Task used by Rugg et al. (1998)a and 
Study 1b of this thesisb. 
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APPENDIX H 

The instructions for the test used in Study 1b  

 In the following activity a word will be shown on the computer screen.  Your 

task is to decide whether it is an animate or inanimate object.  An animate object is 

one that is living or has life.  For example a person, an animal, or a plant.  An 

inanimate object is one that is not living.  For example, clothing, a toy or a tool. 

 You make your response by pressing one of two keys on the keypad.  If you 

think the word represents an animate object, press the key with “yes” written on it.  If 

you think the word represents an inanimate object, press the key with “no” written on 

it.  Press the key using either your left or right forefinger.  Respond as quickly and as 

accurately as you can.  Make your response only when a question mark “?” appears 

on the screen. 

 Prior to the each word appearing on the screen an asterisk “ * ” will appear on 

the computer screen for 2 seconds.  Then the word will appear, then the “?” will 

appear on the screen.   

 It is important that during this activity you remain as still and relaxed as 

possible.  It is also important that you maintain fixation on the centre of the computer 

screen.  It is important that you blink and move only when the “ * ” appears on the 

screen.  Six practice trials will now follow.  Do you have any questions?  Ask the 

researcher now.  When you’re ready press the space bar to start the practice trials. 

Participant completes practice trials 

Well Done!  You have now completed 6 practice trials.  Do you have any further 

questions regarding this activity?  Remember only respond to each task when you see 

the “?” on the screen.  Also, refrain from movement and eye blinking apart from when 

the “ * ” appears on the screen. Press the space bar when you are ready to begin. 
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APPENDIX I 
 
The informed consent package used in Study 2 
 

Neura l  Co r r e l a t e s  o f  t he  Pe rc e p t ua l  R e p r e s e n t a t i o n  S y s t e m 
 

INFORMATION SHEET 
 
 

Names ......... Assoc Prof  David Shum, Dr Tim Cutmore, Jill Harris 
 
School ......... School of Psychology (Mt Gravatt) 
 
Contact Phone ......... (07) 387 53358, (07) 387 53370, (07) 387 53353 
 
Email ......... d.shum@griffith.edu.au; t.cutmore@griffith.edu.au; 

jill.harris@griffith.edu.au  
 
Why is the research being conducted? 
The aim of this study is to use electrical recordings of brain activity to investigate the 
neural processes underpinning various cognitive tasks. 

 
What you will be asked to do 

You will be asked to complete two tasks.  Both tasks involve the use of a 
computer screen and keypad.  Words and fragmented words will be presented to you 
on a computer screen and you will be asked to respond to them in different ways.  The 
tasks are not a measure of intelligence, but are used to stimulate different brain 
processes. 

While you are completing this task, brain activity will be recorded using the 
electroencephalograph (EEG).  The EEG has been used by Doctors and researchers 
for decades to record electrical activity of the brain.  During this procedure, electrical 
activity is conducted from the scalp to electrodes in an Electrode Cap.  A small 
amount of saline gel is placed into each electrode chamber, forming a medium 
between the electrode and the scalp.  Signals are then amplified and digitised and 
saved to a computer hard drive.   

The EEG used is commercially designed and meets regulated safety standards.  
It definitely cannot transmit electrical current back to you as all of the EEG equipment 
is connected to electrical outlets via an isolation transformer.   
Therefore, EEG tests are completely safe and non-invasive.  The experimenter will 
follow published guidelines for safety. During the recording participants are able to 
speak to the experimenter via an intercom.   

It takes about 30 minutes to set up the cap and apply the gel, and a further five 
to10 minutes to ensure that it is possible to record good quality EEG data.  The task 
will take a further 30 minutes.  Therefore the experiment will take 90 minutes to 
complete. 

The experiment will be conducted in the Cognitive Psychophysiology 
Laboratory at Griffith University, at the Mt Gravatt Campus (Building: M24; Room 
4.45).   

You can assist in preparing for the experiment by observing the following 
points.  First, you will be asked to remove any facial jewellery (i.e., earrings, nose 
rings, etc) as these can interfere with the recording.  Second, please relax, keep as still 
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as possible, and try your best to minimise eye blinks and movements during the EEG 
recording.  This is because the EEG is very sensitive to interference from movement.  
The researcher can instruct you about the best times to blink/move during the test. 

 
The basis by which participants will be selected or screened 

To be involved in this experiment, participants must meet all of the following criteria: 
1. Speak English as a first language 
2. Are right handed 
3. Have not experienced the following neurological disorders: 

• Stoke 
• Tumour 
• Epilepsy 
• Encephalitis 

4. Have not been unconscious after an injury 
 

Risks to you 
This experiment involves no risk to the participant.  The EEG equipment is commercially 
designed to isolate participants from electrical systems.  Our procedures for recording 
EEG follow published safety guidelines.  The behavioural task used in this experiment 
has been used in other laboratories, and involves no risk to participants. 
 
Your confidentiality 
Participants will remain anonymous in this project.  Data will not include your name, or 
any information that could identify you.  You will be referred to using a code number, 
and your data and your identifying code will be stored separately.  At no time will any 
data be used by anyone except the Chief or assistant investigator. 
 
Your participation is voluntary 
Your involvement in this experiment is entirely voluntary and you are under no obligation 
to participate in this study.  You retain the right, at any time, to discontinue participation 
without penalty or without providing an explanation.  If you decide to discontinue 
participation, and are a student of Griffith University, it can be assured that this decision 
will not impact upon your relationship with the university. 

 
Questions / further information 
After the experiment is over your experimenter will explain the purpose of the experiment 
to you.  If you want further information about the experiment you are also able to contact 
Dr Tim Cutmore.   
 
The ethical conduct of this research 
Griffith University conducts research in accordance with the National Statement on 
Ethical Conduct in Research Involving Humans.  If potential participants have any 
concerns or complaints about the ethical conduct of the project they should contact the 
Manager, Research Ethics on 3875 5585 or research-ethics@griffith.edu.au. 

 
Feedback to you 
A summary of the overall outcomes of the research will be made available to you at 
the completion of the research project. 
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Neura l  Co r r e l a t e s  o f  t he  Pe rc e p t ua l  R e p r e s e n t a t i o n  S y s t e m 
 

CONSENT FORM 
 

Names ......... Assoc Prof  David Shum, Dr Tim Cutmore, Jill Harris 
 
School ......... School of Psychology (Mt Gravatt) 
 
Contact Phone ......... (07) 387 53358, (07) 387 53370, (07) 387 53353 
 
Email ......... d.shum@griffith.edu.au; t.cutmore@griffith.edu.au; 

jill.harris@griffith.edu.au  
 
 

This project is a partial requirement for the degree of Doctor of Philosophy, in the 
School of Applied Psychology, Faculty of Health Sciences at Griffith University. 

It is a research project and is not a part of the curriculum or normal school activity. 
 

The aim of this study is to use electrical recordings of brain activity to investigate the 
neural processes underpinning various cognitive tasks. 

By signing below, I confirm that I have read and understood the information package 
and in particular that: 

• I understand that my involvement in this research will include  

 the completion of two cognitive tasks using whole and fragmented words 
 the use of the electroencephalograph to record brain activity during this task. 

• I have had any questions answered to my satisfaction;  
• I understand the risks involved;  
• I understand that there will be no direct benefit to me from my participation in this 

research;  
• I understand that my participation in this research is voluntary;  
• I understand that if I have any additional questions I can contact the research 

team;  
• I understand that I am free to withdraw at any time, without comment or penalty;  
• I understand that I can contact the Manager, Research Ethics, at Griffith 

University Human Research Ethics Committee on 3875 5585 (or research-
ethics@griffith.edu.au) if I have any concerns about the ethical conduct of the 
project; and  

• I agree to participate in the project.  

 
.................................................................. ..................................... 
Participant       Date 
 
 
 
.................................................................. ..................................... 
Investigator       Date 
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APPENDIX J 
 
The instructions for the test used in Study 2 
 
 In the following activity a fragmented word will be shown on the computer 

screen.  Your task is to decide whether or not you can identify the word.  

A fragmented word is simply a word with some of the pixels removed.   

For example the word “MICROPHONE” looks like this when it is fragmented:  

 

The word “HOPE” looks like this when it is fragmented: 

 

 Once you have seen the fragmented word, you respond to the task by pressing 

either “yes” or “no” on the keypad, and then by saying the word aloud.  If you don’t 

know the word then say, “don’t know”.   Respond as accurately and as quickly as you 

can.  However, make your keypad and verbal responses only when a question mark 

“?” appears on the screen. 

 Prior to each word appearing on the screen an asterisk “*” will appear on the 

computer screen for 2 seconds.  Then the fragmented word will appear.  Following 

this a “?” will appear on the screen, and this is when you make your response. 

 It is important that during this experiment you try to remain as still and relaxed 

as possible and that you maintain fixation on the centre of the computer screen.  Also 

it is important that you blink and move only when the “*” appears on the screen. 

Five practice trials will now follow.  Do you have any questions?  Ask the researcher 

now.  When you’re ready press the space bar to start the practice trials. 

Participant completes practice trials 
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 Well Done!  You have successfully completed 5 practice trials.  Do you have 

any further questions regarding this activity?  Remember, respond to each task only 

when you see the “?” on the screen. Press the space bar when you are ready to begin. 
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APPENDIX K 
 
The informed consent package used in Study 3a 
 

Neu ra l  Co r r e l a t e s  o f  t he  Pe rc e p t ua l  R e p r e s e n t a t i o n  S y s t e m 
 

INFORMATION SHEET 
 

Names ......... Assoc Prof  David Shum, Dr Tim Cutmore, Jill Harris 
 
School ......... School of Psychology (Mt Gravatt) 
 
Contact Phone ......... (07) 387 53358, (07) 387 53370, (07) 387 53353 
 
Email ......... d.shum@griffith.edu.au; t.cutmore@griffith.edu.au; 

jill.harris@griffith.edu.au  
 
Why is the research being conducted? 
The aim of this study is to use electrical recordings of brain activity to investigate the 
neural processes underpinning various cognitive tasks. 

 
What you will be asked to do 

You will be asked to complete a picture recognition test.  This involves two 
activities: a study activity, followed by a recognition activity.  During the recognition 
activity you will be shown words from the study activity plus new words and your 
task is to try to remember the study words.  Both of these activities involve the use of 
a computer screen and keypad.  The tasks are not a measure of intelligence, but are 
used to stimulate different brain processes. 

While you are completing this task, brain activity will be recorded using the 
electroencephalograph (EEG).  The EEG has been used by Doctors and researchers 
for decades to record electrical activity of the brain.  During this procedure, electrical 
activity is conducted from the scalp to electrodes in an Electrode Cap.  A small 
amount of saline gel is placed into each electrode chamber, forming a medium 
between the electrode and the scalp.  Signals are then amplified and digitised and 
saved to a computer hard drive.   

The EEG used is commercially designed and meets regulated safety standards.  
It definitely cannot transmit electrical current back to you as all of the EEG equipment 
is connected to electrical outlets via an isolation transformer.   
Therefore, EEG tests are completely safe and non-invasive.  The experimenter will 
follow published guidelines for safety. During the recording participants are able to 
speak to the experimenter via an intercom.   

It takes about 30 minutes to set up the cap and apply the gel, and a further five 
to10 minutes to ensure that it is possible to record good quality EEG data.  The task 
will take a further 30 minutes.  Therefore the experiment will take 90 minutes to 
complete. 

The experiment will be conducted in the Cognitive Psychophysiology 
Laboratory at Griffith University, at the Mt Gravatt Campus (Building: M24; Room 
4.45).   

You can assist in preparing for the experiment by observing the following 
points.  First, you will be asked to remove any facial jewellery (ie earrings, nose rings, 
etc) as these can interfere with the recording.  Second, please relax, keep as still as 
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possible, and try your best to minimise eye blinks and movements during the EEG 
recording.  This is because the EEG is very sensitive to interference from movement.  
The researcher can instruct you about the best times to blink/move during the test. 

 
The basis by which participants will be selected or screened 
To be involved in this experiment, participants must meet all of the following criteria: 
5. Speak English as a first language 
6. Are right handed 
7. Have not experienced the following neurological disorders: 

• Stoke 
• Tumour 
• Epilepsy 
• Encephalitis 

8. Have not been unconscious after an injury 
 

Risks to you 
This experiment involves no risk to the participant.  The EEG equipment is 
commercially designed to isolate participants from electrical systems.  Our procedures 
for recording EEG follow published safety guidelines. 
The behavioural task used in this experiment has been used in other laboratories, and 
involves no risk to participants. 

 
Your confidentiality 
Participants will remain anonymous in this project.  Data will not include your name, 
or any information that could identify you.  You will be referred to using a  
code number, and your data and your identifying code will be stored separately.  At 
no time will any data be used by anyone except the Chief or assistant investigator. 
 
Your participation is voluntary 
Your involvement in this experiment is entirely voluntary and you are under no 
obligation to participate in this study.  You retain the right, at any time, to discontinue 
participation without penalty or without providing an explanation.  If you decide to 
discontinue participation, and are a student of Griffith University, it can be assured 
that this decision will not impact upon your relationship with the university. 

 
Questions / further information 
After the experiment is over your experimenter will explain the purpose of the 
experiment to you.  If you want further information about the experiment you are also 
able to contact Dr Tim Cutmore.   
 
The ethical conduct of this research 
Griffith University conducts research in accordance with the National Statement on 
Ethical Conduct in Research Involving Humans.  If potential participants have any 
concerns or complaints about the ethical conduct of the project they should contact the 
Manager, Research Ethics on 3875 5585 or research-ethics@griffith.edu.au. 

 
Feedback to you 
A summary of the overall outcomes of the research will be made available to you at 
the completion of the research project. 
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Neura l  Co r r e l a t e s  o f  t he  Pe rc e p t ua l  R e p r e s e n t a t i o n  S y s t e m 
 

CONSENT FORM 
 

Names ......... Assoc Prof  David Shum, Dr Tim Cutmore, Jill Harris 
 
School ......... School of Psychology (Mt Gravatt) 
 
Contact Phone ......... (07) 387 53358, (07) 387 53370, (07) 387 53353 
 
Email ......... d.shum@griffith.edu.au; t.cutmore@griffith.edu.au; 

jill.harris@griffith.edu.au  
 

This project is a partial requirement for the degree of Doctor of Philosophy, in the 
School of Applied Psychology, Faculty of Health Sciences at Griffith University. 

It is a research project and is not a part of the curriculum or normal school activity. 
 

The aim of this study is to use electrical recordings of brain activity to investigate the 
neural processes underpinning various cognitive tasks. 

By signing below, I confirm that I have read and understood the information package 
and in particular that: 

• I understand that my involvement in this research will include  

 the completion of two cognitive tasks using pictures 
 the use of the electroencephalograph to record brain activity during this task. 

• I have had any questions answered to my satisfaction;  
• I understand the risks involved;  
• I understand that there will be no direct benefit to me from my participation in this 

research;  
• I understand that my participation in this research is voluntary;  
• I understand that if I have any additional questions I can contact the research 

team;  
• I understand that I am free to withdraw at any time, without comment or penalty;  
• I understand that I can contact the Manager, Research Ethics, at Griffith 

University Human Research Ethics Committee on 3875 5585 (or research-
ethics@griffith.edu.au) if I have any concerns about the ethical conduct of the 
project; and  

• I agree to participate in the project.  

 
.................................................................. ..................................... 
Participant       Date 
 
 
 
.................................................................. ..................................... 
Investigator       Date 
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APPENDIX L 
 
The instructions for the study task used in study 3a and 3b 
 
 This experiment is a recognition test.  Two activities make up a recognition 

test: a study activity, and then a recognition activity.  During the recognition activity 

you will be shown objects from the study activity plus new objects and your task is to 

try to recognise the study objects.   

 So your first task is the study activity, and these instructions follow. 

In the following activity you will be shown an object on the computer screen and 

directed to complete one of two tasks using the object: an “X” or “O” task.  Prior to an 

object appearing on the screen, a symbol (“X” or “O”) will appear on the screen.  This 

symbol will indicate which of the two tasks you will complete using that object.  

These symbols will appear randomly.   

The “X” Task 

 If an “X” precedes the object your task is to decide if the left outer most edge 

of theobject is higher from the bottom of the screen than the right outer most edge.  

You respond to this task by saying either “yes”, “no” or “same”.   

For example, if “X” preceded   a correct response would be “yes”. 
 

If “X” preceded , a correct response would be “no”. 
 

If “X” preceded  , a correct response could be “same”. 
 
 
The “O” Task 
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 If an “O” precedes the object your task is to make a meaningful sentence using 

the name of the object.  You respond to this task by verbally giving your response.  

You cannot repeat sentences.     

For example, if an “O” preceded  , a correct response is “A camera is used 

to take photos.” 

If an “O” preceded  , a correct response is “A canoe is a kind of 

boat”. 

If an “O” preceded the picture , a incorrect response is “A goldfish is a 

kind of mammal”. 

  

 After the object has appeared on the screen a question mark “?” will appear. 

You make your response to both tasks only when this “?” appears on the screen.   

Remember, both tasks require you to give a verbal response.  The “?” will stay on the 

screen for 3.5 seconds.  If you have not responded to the task in this time, the symbol 

(“X” or “O”) indicating the task for the next object will automatically appear on the 

screen.  This indicates that you must move onto the next object.   Please complete the 

task as accurately as possible.  Five practice trials will now follow.  Do you have any 

questions?  Ask the researcher now. 
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APPENDIX M 

The instructions for the test used in study 3a  

 In the following activity an object will be shown on the computer screen.  

Your task is to decide whether or not the object was in the study activity.  You make 

your response by pressing a key on the keypad.  Press “yes” if you think the object 

was in the study activity.  Press “no” if you do not think it was in the study activity.  

Respond as accurately and as quickly as you can.  

 Make your response only when a question mark “?” appears on the screen. 

Prior to the each object appearing on the screen an asterisk “*” will appear on the 

computer screen for 2 seconds.  Following this a “?” will appear on the screen. 

When the object and question mark “?” are on the screen please be as still as possible.   

Also during this time, please stay focussed on the screen and do not blink. 

Please try to refrain your blinking to the period when the asterisk “*” is on the screen. 

Five practice trials will now follow.   

Do you have any questions?  Ask the researcher now. 
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APPENDIX N 

The informed consent package used in Study 3b 

Neu ra l  Co r r e l a t e s  o f  t he  Pe rc e p t ua l  R e p r e s e n t a t i o n  S y s t e m 
 

INFORMATION SHEET 
 

Names ......... Assoc Prof  David Shum, Dr Tim Cutmore, Jill Harris 
 
School ......... School of Psychology (Mt Gravatt) 
 
Contact Phone ......... (07) 387 53358, (07) 387 53370, (07) 387 53353 
 
Email ......... d.shum@griffith.edu.au; t.cutmore@griffith.edu.au; 

jill.harris@griffith.edu.au  
 
 
 
Why is the research being conducted? 
The aim of this study is to use electrical recordings of brain activity to investigate the 

neural processes underpinning various cognitive tasks. 
 

What you will be asked to do 
You will be asked to complete two tasks.  Both tasks involve the use of a 

computer screen and keypad.  Pictures and fragmented pictures will be presented to 
you on a computer screen and you will be asked to respond to them in different ways.  
The tasks are not a measure of intelligence, but are used to stimulate different brain 
processes. 

While you are completing this task, brain activity will be recorded using the 
electroencephalograph (EEG).  The EEG has been used by Doctors and researchers 
for decades to record electrical activity of the brain.  During this procedure, electrical 
activity is conducted from the scalp to electrodes in an Electrode Cap.  A small 
amount of saline gel is placed into each electrode chamber, forming a medium 
between the electrode and the scalp.  Signals are then amplified and digitised and 
saved to a computer hard drive.   

The EEG used is commercially designed and meets regulated safety standards.  
It definitely cannot transmit electrical current back to you as all of the EEG equipment 
is connected to electrical outlets via an isolation transformer.   
Therefore, EEG tests are completely safe and non-invasive.  The experimenter will 
follow published guidelines for safety. During the recording participants are able to 
speak to the experimenter via an intercom.   

It takes about 30 minutes to set up the cap and apply the gel, and a further five 
to10 minutes to ensure that it is possible to record good quality EEG data.  The task 
will take a further 30 minutes.  Therefore the experiment will take 90 minutes to 
complete. 

The experiment will be conducted in the Cognitive Psychophysiology 
Laboratory at Griffith University, at the Mt Gravatt Campus (Building: M24; Room 
4.45).   
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You can assist in preparing for the experiment by observing the following 
points.  First, you will be asked to remove any facial jewellery (ie earrings, nose rings, 
etc) as these can interfere with the recording.  Second, please relax, keep as still as 
possible, and try your best to minimise eye blinks and movements during the EEG 
recording.  This is because the EEG is very sensitive to interference from movement.  
The researcher can instruct you about the best times to blink/move during the test. 

 
The basis by which participants will be selected or screened 
To be involved in this experiment, participants must meet all of the following criteria: 
1. Speak English as a first language 
2. Are right handed 
3. Have not experienced the following neurological disorders: 

• Stoke 
• Tumour 
• Epilepsy 
• Encephalitis 

4. Have not been unconscious after an injury 
 

Risks to you 
This experiment involves no risk to the participant.  The EEG equipment is commercially 
designed to isolate participants from electrical systems.  Our procedures for recording 
EEG follow published safety guidelines. 
The behavioural task used in this experiment has been used in other laboratories, and 
involves no risk to participants. 
 
Your confidentiality 
Participants will remain anonymous in this project.  Data will not include your name, or 
any information that could identify you.  You will be referred to using a  
code number, and your data and your identifying code will be stored separately.  At no 
time will any data be used by anyone except the Chief or assistant investigator. 
 
Your participation is voluntary 
Your involvement in this experiment is entirely voluntary and you are under no obligation 
to participate in this study.  You retain the right, at any time, to discontinue participation 
without penalty or without providing an explanation.  If you decide to discontinue 
participation, and are a student of Griffith University, it can be assured that this decision 
will not impact upon your relationship with the university. 

 
Questions / further information 
After the experiment is over your experimenter will explain the purpose of the experiment 
to you.  If you want further information about the experiment you are also able to contact 
Dr Tim Cutmore.   
 
The ethical conduct of this research 
Griffith University conducts research in accordance with the National Statement on 
Ethical Conduct in Research Involving Humans.  If potential participants have any 
concerns or complaints about the ethical conduct of the project they should contact the 
Manager, Research Ethics on 3875 5585 or research-ethics@griffith.edu.au. 

 
Feedback to you 
A summary of the overall outcomes of the research will be made available to you at 
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the completion of the research project. 
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Neura l  Co r r e l a t e s  o f  t he  Pe rc e p t ua l  R e p r e s e n t a t i o n  S y s t e m 
 

CONSENT FORM 
 

Names ......... Assoc Prof  David Shum, Dr Tim Cutmore, Jill Harris 
 
School ......... School of Psychology (Mt Gravatt) 
 
Contact Phone ......... (07) 387 53358, (07) 387 53370, (07) 387 53353 
 
Email ......... d.shum@griffith.edu.au; t.cutmore@griffith.edu.au; 

jill.harris@griffith.edu.au  
 
 

This project is a partial requirement for the degree of Doctor of Philosophy, in the 
School of Applied Psychology, Faculty of Health Sciences at Griffith University. 

It is a research project and is not a part of the curriculum or normal school activity. 
 

The aim of this study is to use electrical recordings of brain activity to investigate the 
neural processes underpinning various cognitive tasks. 

By signing below, I confirm that I have read and understood the information package 
and in particular that: 

• I understand that my involvement in this research will include  

 the completion of two cognitive tasks using pictures 
 the use of the electroencephalograph to record brain activity during this task. 

• I have had any questions answered to my satisfaction;  
• I understand the risks involved;  
• I understand that there will be no direct benefit to me from my participation in this 

research;  
• I understand that my participation in this research is voluntary;  
• I understand that if I have any additional questions I can contact the research 

team;  
• I understand that I am free to withdraw at any time, without comment or penalty;  
• I understand that I can contact the Manager, Research Ethics, at Griffith 

University Human Research Ethics Committee on 3875 5585 (or research-
ethics@griffith.edu.au) if I have any concerns about the ethical conduct of the 
project; and  

• I agree to participate in the project.  

.................................................................. ..................................... 
Participant       Date 
 
 
 
.................................................................. ..................................... 
Investigator       Date 



 328

APPENDIX  O 

The instructions for the test used in Study 3b 

 In the following activity a fragmented picture will be shown on the computer 

screen.  Your task is to try to identify it.  A fragmented picture is simply a picture 

with some of the pixels removed.   

 
For example a picture of a cat looks like this when it is fragmented:  
          

        
fragmented 
 
 
 
 
 

 After the fragmented picture, a “?” appears.  While the “?” is on the screen 

you respond by pressing either “yes” or “no” on the keypad.  “Yes” if you can identify 

the picture, and “no” if you don’t.  Once you have pressed a key, you then respond by 

saying the name of the picture aloud.  However, if you can’t recognise the picture, say 

“don’t know”.  Respond as accurately and as quickly as you can.  

  Remember, please only make your keypad and verbal responses when the 

“?”appears on the screen.  Prior to each fragmented picture appearing on the screen an 

asterisk “*” will appear for 2 seconds.  Then the fragmented picture will appear.  

Following this the “?” will appear, and this is when you make your responses. 

 During this part of the experiment EEG is being recorded.  Therefore, it is 

important that you blink and move only when the “*” appears on the screen. Also, it is 

important that you try to maintain fixation on the centre of the computer screen.  

Five practice trials will now follow.   

Do you have any questions?  Ask the researcher now. 

Thank-you for your participation. 
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APPENDIX P 
 

The informed consent package used in Study 4a 
 

Neu ra l  Co r r e l a t e s  o f  t he  Pe rc e p t ua l  R e p r e s e n t a t i o n  S y s t e m 
 

INFORMATION SHEET 
 

Names ......... Assoc Prof  David Shum, Dr Tim Cutmore, Jill Harris 
 
School ......... School of Psychology (Mt Gravatt) 
 
Contact Phone ......... (07) 387 53358, (07) 387 53370, (07) 387 53353 
 
Email ......... d.shum@griffith.edu.au; t.cutmore@griffith.edu.au; 

jill.harris@griffith.edu.au  
 
Why is the research being conducted? 
The aim of this study is to use electrical recordings of brain activity toinvestigate the 
neural processes underpinning various cognitive tasks. 

 
What you will be asked to do 

You will be asked to complete an auditory word recognition test.  This 
involves two activities: a study activity, followed by a recognition activity.  During 
the recognition activity you will hear words from the study activity plus new words 
and your task is to try to identify the study words.   Both of these activities involve the 
use of headphones, a computer screen and keypad.    The tasks are not a measure of 
intelligence, but are used to stimulate different brain processes. 

While you are completing this task, brain activity will be recorded using the 
electroencephalograph (EEG).  The EEG has been used by Doctors and researchers 
for decades to record electrical activity of the brain.  During this procedure, electrical 
activity is conducted from the scalp to electrodes in an Electrode Cap.  A small 
amount of saline gel is placed into each electrode chamber, forming a medium 
between the electrode and the scalp.  Signals are then amplified and digitised and 
saved to a computer hard drive.   

The EEG used is commercially designed and meets regulated safety standards.  
It definitely cannot transmit electrical current back to you as all of the EEG equipment 
is connected to electrical outlets via an isolation transformer.   
Therefore, EEG tests are completely safe and non-invasive.  The experimenter will 
follow published guidelines for safety. During the recording participants are able to 
speak to the experimenter via an intercom.   

It takes about 30 minutes to set up the cap and apply the gel, and a further five 
to10 minutes to ensure that it is possible to record good quality EEG data.  The task 
will take a further 30 minutes.  Therefore the experiment will take 90 minutes to 
complete. 

The experiment will be conducted in the Cognitive Psychophysiology 
Laboratory at Griffith University, at the Mt Gravatt Campus (Building: M24; Room 
4.45).   

You can assist in preparing for the experiment by observing the following 
points.  First, you will be asked to remove any facial jewellery (ie earrings, nose rings, 



 330

etc) as these can interfere with the recording.  Second, please relax, keep as still as 
possible, and try your best to minimise eye blinks and movements during the EEG 
recording.  This is because the EEG is very sensitive to interference from movement.  
The researcher can instruct you about the best times to blink/move during the test. 

 
The basis by which participants will be selected or screened 
To be involved in this experiment, participants must meet all of the following criteria: 
1. Speak English as a first language 
2. Are right handed 
3. Have not experienced the following neurological disorders: 

• Stoke 
• Tumour 
• Epilepsy 
• Encephalitis 

4. Have not been unconscious after an injury 
 

Risks to you 
This experiment involves no risk to the participant.  The EEG equipment is commercially 
designed to isolate participants from electrical systems.  Our procedures for recording 
EEG follow published safety guidelines. 
The behavioural task used in this experiment has been used in other laboratories, and 
involves no risk to participants. 

 
Your confidentiality 
Participants will remain anonymous in this project.  Data will not include your name, or 
any information that could identify you.  You will be referred to using a  
code number, and your data and your identifying code will be stored separately.  At no 
time will any data be used by anyone except the Chief or assistant investigator. 
 
Your participation is voluntary 
Your involvement in this experiment is entirely voluntary and you are under no obligation 
to participate in this study.  You retain the right, at any time, to discontinue participation 
without penalty or without providing an explanation.  If you decide to discontinue 
participation, and are a student of Griffith University, it can be assured that this decision 
will not impact upon your relationship with the university. 

 
Questions / further information 
After the experiment is over your experimenter will explain the purpose of the experiment 
to you.  If you want further information about the experiment you are also able to contact 
Dr Tim Cutmore.   
 
The ethical conduct of this research 
Griffith University conducts research in accordance with the National Statement on 
Ethical Conduct in Research Involving Humans.  If potential participants have any 
concerns or complaints about the ethical conduct of the project they should contact the 
Manager, Research Ethics on 3875 5585 or research-ethics@griffith.edu.au. 

 
Feedback to you 
A summary of the overall outcomes of the research will be made available to you at 
the completion of the research project. 
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Neu ra l  Co r r e l a t e s  o f  t he  Pe rc e p t ua l  R e p r e s e n t a t i o n  S y s t e m 

 
CONSENT FORM 

 
Names ......... Assoc Prof  David Shum, Dr Tim Cutmore, Jill Harris 
 
School ......... School of Psychology (Mt Gravatt) 
 
Contact Phone ......... (07) 387 53358, (07) 387 53370, (07) 387 53353 
 
Email ......... d.shum@griffith.edu.au; t.cutmore@griffith.edu.au; 

jill.harris@griffith.edu.au  
 
 

This project is a partial requirement for the degree of Doctor of Philosophy, in the 
School of Applied Psychology, Faculty of Health Sciences at Griffith University. 

It is a research project and is not a part of the curriculum or normal school activity. 
The aim of this study is to use electrical recordings of brain activity to investigate the 

neural processes underpinning various cognitive tasks. 

By signing below, I confirm that I have read and understood the information package 
and in particular that: 

• I understand that my involvement in this research will include  

 the completion of two cognitive tasks using spoken words 
 the use of the electroencephalograph to record brain activity during this task. 

• I have had any questions answered to my satisfaction;  
• I understand the risks involved;  
• I understand that there will be no direct benefit to me from my participation in this 

research;  
• I understand that my participation in this research is voluntary;  
• I understand that if I have any additional questions I can contact the research 

team;  
• I understand that I am free to withdraw at any time, without comment or penalty;  
• I understand that I can contact the Manager, Research Ethics, at Griffith 

University Human Research Ethics Committee on 3875 5585 (or research-
ethics@griffith.edu.au) if I have any concerns about the ethical conduct of the 
project; and  

• I agree to participate in the project.  

.................................................................. ..................................... 
Participant       Date 
 
 
.................................................................. ..................................... 
Investigator       Date 
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APPENDIX Q 

The instructions for the study task used in Study 4a and 4b 

 In this activity you will hear words (via headphones) and will be asked to 

complete one of two tasks (an “X” or “O” task) using the words.  Prior to hearing a 

word, a symbol (“X” or “O”) will appear on the computer screen.  This symbol will 

indicate which of the two tasks you will complete using that word.  These symbols 

will appear randomly.  

The “X” Task 

 If an “X” precedes the word your task is to decide if the word has any ‘a’, or 

‘e’ long vowel sounds in it.  You respond to this task by saying “yes”, or “no”.  

For example, if “X” preceded the word “Mate”, a correct response would be “yes”, as 

the “a” in this word is a long vowel sound. If “X” preceded the word “Mat”, a correct 

response would be “no”, as the “a” in this word is a short vowel sound. 

If “X” preceded the word “Meet”, a correct response would be “yes”, as the “e” in this 

word is a long vowel sound.  If “X” preceded the word “Met”, a correct response 

would be “no”, as the “e” in this word is a short vowel sound. 

The “O” Task 

 If an “O” precedes the word your task is to make a meaningful sentence using 

the word.  You respond to this task by verbally giving your response.  You cannot 

repeat sentences.    

For example, if an “O” preceded the spoken word “Camera”, a correct response is “A 

camera is used to take photos.” 

If an “O” preceded the spoken word “Canoe”, a correct response is “A canoe is a kind 

of boat”. 
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If an “O” preceded the spoken word “Goldfish”, an incorrect response is “A goldfish 

is a type of dog”. 

 After you hear the word a question mark “?” will appear on the monitor.  You 

respond to the task only when the “?” is on the screen.  The “?” stays on the screen for 

3.5 seconds.  If you haven’t responded to the task in this time, the symbol (“X” or 

“O”) for the next word will automatically appear on the screen.  This indicates that 

you must move on to complete the task for the next word.  Please complete the task as 

accurately as possible.  Five practice trials will now follow.  Do you have any 

questions?  Ask the researcher now. 
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APPENDIX R 

The instructions for the test used in Study 4a 

 In the following activity you will hear a word (via the earphones).  Your task 

is to decide whether or not you heard the word in the study activity. After you hear the 

word a “?” appears. 

While this is on the monitor you respond by pressing either “yes” or “no” on the 

keypad.  “Yes” if you think the word was in the previous activity and “No” if you 

don’t.  Respond as accurately and as quickly as you can.   

 Remember, please only make your responses when the “?”appears on the 

screen.  Prior to hearing each word an asterisk “*” will appear for 2 seconds.  Then, 

following the word, the “?” will appear, and this is when you make your responses.  

 During this part of the experiment EEG is being recorded.  Therefore, it is 

important that you blink and move only when the “*” appears on the screen.  Also, it 

is important that you try to maintain fixation on the centre of the computer screen.  

Five practice trials will now follow.  Do you have any questions?  Ask the researcher 

now. 
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APPENDIX S 

 The informed consent package used in Study 4b 

Neu ra l  Co r r e l a t e s  o f  t he  Pe rc e p t ua l  R e p r e s e n t a t i o n  S y s t e m 
 

INFORMATION SHEET 
 
 

Names ......... Assoc Prof  David Shum, Dr Tim Cutmore, Jill Harris 
 
School ......... School of Psychology (Mt Gravatt) 
 
Contact Phone ......... (07) 387 53358, (07) 387 53370, (07) 387 53353 
 
Email ......... d.shum@griffith.edu.au; t.cutmore@griffith.edu.au; 

jill.harris@griffith.edu.au  
 
 
Why is the research being conducted? 
The aim of this study is to use electrical recordings of brain activity toinvestigate the 
neural processes underpinning various cognitive tasks. 

 
What you will be asked to do 

You will be asked to complete two tasks.  Both tasks involve the use of a 
computer screen, keypad, and headphones.  You will hear words and muffled words 
and you will be asked to respond to them in different ways.  The tasks are not a 
measure of intelligence, but are used to stimulate different brain processes. 

While you are completing this task, brain activity will be recorded using the 
electroencephalograph (EEG).  The EEG has been used by Doctors and researchers 
for decades to record electrical activity of the brain.  During this procedure, electrical 
activity is conducted from the scalp to electrodes in an Electrode Cap.  A small 
amount of saline gel is placed into each electrode chamber, forming a medium 
between the electrode and the scalp.  Signals are then amplified and digitised and 
saved to a computer hard drive.   

The EEG used is commercially designed and meets regulated safety standards.  
It definitely cannot transmit electrical current back to you as all of the EEG equipment 
is connected to electrical outlets via an isolation transformer.   
Therefore, EEG tests are completely safe and non-invasive.  The experimenter will 
follow published guidelines for safety. During the recording participants are able to 
speak to the experimenter via an intercom.   

It takes about 30 minutes to set up the cap and apply the gel, and a further five 
to10 minutes to ensure that it is possible to record good quality EEG data.  The task 
will take a further 30 minutes.  Therefore the experiment will take 90 minutes to 
complete. 

The experiment will be conducted in the Cognitive Psychophysiology 
Laboratory at Griffith University, at the Mt Gravatt Campus (Building: M24; Room 
4.45).   

You can assist in preparing for the experiment by observing the following 
points.  First, you will be asked to remove any facial jewellery (ie earrings, nose rings, 
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etc) as these can interfere with the recording.  Second, please relax, keep as still as 
possible, and try your best to minimise eye blinks and movements during the EEG 
recording.  This is because the EEG is very sensitive to interference from movement.  
The researcher can instruct you about the best times to blink/move during the test. 

 
The basis by which participants will be selected or screened 
To be involved in this experiment, participants must meet all of the following criteria: 
1. Speak English as a first language 
2. Are right handed 
3. Have not experienced the following neurological disorders: 

• Stoke 
• Tumour 
• Epilepsy 
• Encephalitis 

4. Have not been unconscious after an injury 
 

Risks to you 
This experiment involves no risk to the participant.  The EEG equipment is commercially 
designed to isolate participants from electrical systems.  Our procedures for recording 
EEG follow published safety guidelines. 
The behavioural task used in this experiment has been used in other laboratories, and 
involves no risk to participants. 
 
Your confidentiality 
Participants will remain anonymous in this project.  Data will not include your name, or 
any information that could identify you.  You will be referred to using a  
code number, and your data and your identifying code will be stored separately.  At no 
time will any data be used by anyone except the Chief or assistant investigator. 
 
Your participation is voluntary 
Your involvement in this experiment is entirely voluntary and you are under no obligation 
to participate in this study.  You retain the right, at any time, to discontinue participation 
without penalty or without providing an explanation.  If you decide to discontinue 
participation, and are a student of Griffith University, it can be assured that this decision 
will not impact upon your relationship with the university. 

 
Questions / further information 
After the experiment is over your experimenter will explain the purpose of the experiment 
to you.  If you want further information about the experiment you are also able to contact 
Dr Tim Cutmore.   
 
The ethical conduct of this research 
Griffith University conducts research in accordance with the National Statement on 
Ethical Conduct in Research Involving Humans.  If potential participants have any 
concerns or complaints about the ethical conduct of the project they should contact the 
Manager, Research Ethics on 3875 5585 or research-ethics@griffith.edu.au. 

 
Feedback to you 
A summary of the overall outcomes of the research will be made available to you at 
the completion of the research project. 
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Neura l  Co r r e l a t e s  o f  t he  Pe rc e p t ua l  R e p r e s e n t a t i o n  S y s t e m 
 

CONSENT FORM 
 

Names ......... Assoc Prof  David Shum, Dr Tim Cutmore, Jill Harris 
 
School ......... School of Psychology (Mt Gravatt) 
 
Contact Phone ......... (07) 387 53358, (07) 387 53370, (07) 387 53353 
 
Email ......... d.shum@griffith.edu.au; t.cutmore@griffith.edu.au; 

jill.harris@griffith.edu.au  
 
 

This project is a partial requirement for the degree of Doctor of Philosophy, in the 
School of Applied Psychology, Faculty of Health Sciences at Griffith University. 

It is a research project and is not a part of the curriculum or normal school activity. 
The aim of this study is to use electrical recordings of brain activity to investigate the 

neural processes underpinning various cognitive tasks. 

By signing below, I confirm that I have read and understood the information package 
and in particular that: 

• I understand that my involvement in this research will include  

 the completion of two cognitive tasks using spoken words 
 the use of the electroencephalograph to record brain activity during this task. 

• I have had any questions answered to my satisfaction;  
• I understand the risks involved;  
• I understand that there will be no direct benefit to me from my participation in this 

research;  
• I understand that my participation in this research is voluntary;  
• I understand that if I have any additional questions I can contact the research 

team;  
• I understand that I am free to withdraw at any time, without comment or penalty;  
• I understand that I can contact the Manager, Research Ethics, at Griffith 

University Human Research Ethics Committee on 3875 5585 (or research-
ethics@griffith.edu.au) if I have any concerns about the ethical conduct of the 
project; and  

• I agree to participate in the project.  

.................................................................. ..................................... 
Participant       Date 
 
 
.................................................................. ..................................... 
Investigator       Date 
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APPENDIX T 

The instructions for the test used in Study 4b 

 In the following activity you will hear spoken words that sound muffled.  Your 

task is to try to identify the words.  After you hear the muffled word, a “?” appears. 

While this is on the screen you respond by pressing either “yes” or “no” on the 

keypad.  “Yes” if you can identify the word and “No” if you can’t.  Once you have 

pressed a key, you then respond by saying the word aloud.  However, if you can’t 

identify the word, say “don’t know”.  Respond as accurately and as quickly as you 

can.  Remember, please only make your keypad and verbal responses when the “?” 

appears on the screen. 

 Prior to hearing each word (via headphones) an asterisk “*” will appear on the 

computer monitor for approximately 2 seconds.  Then you will hear the word.  

Following this, the “?” will appear on the monitor, and this is when you make your 

responses.  

 During this part of the experiment EEG is being recorded.  Therefore, it is 

important that you blink and move only when the “*” appears on the screen.  Also, it 

is important that you try to maintain fixation on the centre of the computer screen – 

especially when you are listening to the word.  Five practice trials will now follow.   

Do you have any questions?  Ask the researcher now. 

Thank-you for your participation. 

 
 
 
 


