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Abstract 

Human Novelty Assessment Systerns: Positron Emission Tomographie Evidence 

Reza Habib 

Doctor of Philosophy 

Graduate Department of Psychology 

University of Toronto 

2000 

One of the most fundamental and adaptive mental faculties any organism can 

possess is the ability to differentiate novel things from familiar things. Novelty 

assessment is the name given to the collection of neural processes which supports 

this ability. The goal of this thesis was to examine the workings of novelty 

assessment using positron emission tornography (PET). This was done in two parts 

- a multi-study analysis which examined recognition of novel and familiar words and 

pictures across five PET studies and an original study which examined encoding of 

novel and familiar words under semantic and non-semantic encoding instructions. 

The multi-stud y analysis exam ined novelty assessment across five PET studies of 

recognition memory. The objective was to determine whether a common novelty 

assessment system operates within the brain. The results revealed a cornmon 

pattern of brain activation across four of the five studies. This common pattern 

distinguished between regions whose activity was greatest when subjects 

recog nized novel items (novelty activations) and reg ions whose activity was g reatest 



when su bjects recognized familiar items (familiarity activations). Novelty activations 

were observed within the right hippocampus, bilateral middte and superior temporal 

gyri, and left prefrontal cortex. The findings of the multi-study analysis suggested 

that a task-, modality-, and stimulus-independent novelty assessrnent network may 

operate within the brain. 

Next, an original PET study was carried out to examine semantic and non- 

semantic encoding of visually and auditorily presented novel and familiar words. 

The objective of this experiment was to examine implicit novelty assessment. The 

main findings from this study suggested that implicit novelty assessment modulated 

the activity of task-specific (semantic and non-semantic encoding) brain networks 

rather than relying on a dedicated brain network. 

These findings suggest that explicit and implicit novelty assessrnent may rely 

on different underlying neural mechanisms. In the former case. the results of the 

multi-study analysis suggested that novelty assessment may be implemented as a 

dedicated brain network, whereas in the latter case, the results of the novelty- 

encoding experiment suggested that novelty assessrnent may modulate task- 

specific activations. These results are discussed in relation to current views about 

the neural mechanisms underlying novelty assessment. 
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Introduction 

Our conscious experienœs are filled with a collage of external sensations and 

interna1 thoughts. These sensations and thoughts each have rnany different 

properties, some of which are common and some of which differ. One common 

property is novelty - a property which describes whether something has been 

previously experienced. There is, however, a critical difference between novelty and 

other properties of objects. Whereas a physical property of an object such as its 

colour is independent of the observer of that object, whether something is novel is 

entirely dependent on who the observer is. The same object can be either novel or 

familiar depending on who is experiencing it. Thus novelty is not a property of things 

per se. Rather it represents the outcome of the interaction between an experienced 

item on the one hand, and the prior experiences of the individual experiencing that 

item on the other. 

This thesis is about a neurocognitive process, novelty assessment, which 

underlies the ability to discriminate novel things from familiar things. The study of 

this fundamental ability bridges rnany areas within psychology and neuroscience 

including developrnent, attention, perception, memory, neuropsychology, 

neurophysiology, and systems neuroscience, amongst others. For example, at what 

point during development can children discriminate novel things from farniliar things? 

1s orientation and attention to novel things different from orientation and attention to 

familiar things? Are novel things perceived differently than familiar things? How is 

a decision about novelty and familianty reached? Do certain brain lesions disrupt 

the ability to discriminate novel things from familiar things? What is the 



neurophysiological manifestation of experiencing a novel or familiar item? Are there 

brain systems for the detection and assessment of novel and familiar things? In this 

thesis, the neural basis of novelty assessrnent will be examined using positron 

emission tornography (PET). Because deterrnining whether something is novel 

irnplicitly relies on an individual's long-term memory - to determine whether 

something has been experienced previously, it must be cornpared with an 

individual's collection of previous experiences - the neural mechanisms underlying 

novelty assessment will be considered within the context of long-terni episodic 

memory, both during encoding and retrieval. 

The thesis will begin by first defining and describing novelty and novelty 

assessment. Next, behavioral studies which have both directly and indirectly 

examined novelty and novelty assessment will be reviewed. Then the relevant 

neurophysiological findings from studies of non-human animals will be considered. 

In addition to representing the largest body of work on novelty assessment. these 

studies are also important because they lay the foundation for a candidate biological 

framework of the neural mechanism underlying novelty assessment. In addition to 

studies in non-human animals, the neural substrates of novelty assessment have 

been examined in humans with event related potentials (ERPs), positron emission 

tornography (PET), and functional magnetic resonance imaging (MRI). These tools 

provide a dynamic view of the human brain as it processes information to deterrnine 

whether it is novel. Relevant findings from these areas of research will also be 

reviewed . 



What is Novelty? 

Something is novel if it is not part of an individual's collection of past 

experiences. If it is part of this collection, then it is familiar. Used in this manner, the 

terms novelty and familiarity describe both the outcome of a neurocognitive process 

designed to discriminate new things from previously encountered things, and the 

possible awareness of this outcome. Novelty and familiarity describe 

complementary outcornes - when something is novel, it is not familiar, and vice 

versa. However, these ternis only reflect endpoints of a continuum representing the 

range of possib!e neural responses and states of awareness which occur when an 

individual encounters something . Thus, something can be more or less familiar than 

something else. The terms novelty and familiarity do not, however, refer to the state 

of an object independent of an individual and their collection of past experiences - 
things on their own are neither novel nor familiar. 

Novelty exists in many different forms (Martin, 1999). Things can be novel in 

either an absolute sense or only within a context, being familiar outside of that 

context. A study conducted by Schacter, Reiman, Uecker, Polster, Yun, and Cooper 

(1 995) in which brain activations elicited by the encoding and recognition of three- 

dimensional line drawings demonstrates the former case. In some figures, the 

three-dimensional structure of the object made their existence impossible. Unless 

subjects had previously participated in the study, they never would have 

encountered such impossible objects in their lives. Thus, these three-dimensional 

impossible objects are novel in an absolute sense. The standard yeslno recognition 

paradigm demonstrates the case of contextual novelty. On a yeslno recognition 



test, one group of words would have been studied previously, and are thus familiar 

within the context of the recognition test, whereas another group of words would not 

have been studied previously, and thus are novel within the context of the 

recognition test. Outside of the recognition test, however, both groups of words are 

familiar. This is an exarnple of how the novelty of familiar information can be 

experimentally manipulated. In another example, Dolan and Fletcher (1 997) 

presented subjects a series of categoryexernplar word pain to study. Following this 

initial encoding phase, they presented either the same category-exernplar pairs as 

previously studied, new exernplars paired with the studied categories, new 

categories paired with the studied exemplan, or new exemplars paired with new 

categories. As in the recognition example, the stimuli in this study, English words, 

were al1 familiar to subjects. However, by manipulating the experimental context 

within which stimuli occurred (presence or absence in the initial study list), it was 

possible to alter their experimental novelty. 

How does something which is novel become familiar? The simplest way to 

make something familiar is to repeat it. Therefore, repetition and novelty and 

familiarity are implicitly linked. In fact, many experimental paradigrns designed to 

explore novelty. either directly or indirectly, manipulate the number of times subjects 

experience stimuli. If a relationship exists between repetition and novelty, it raises 

the question of whether the concepts of novelty and repetition can be experimentally 

separated. Are our brains designed to deted novelty, as the presence of a novelty 

assessrnent neural mechan ism suggests, or are t hey merely sensitive to repetition , 

and through a mechanisrn designed to register whether something has been 



repeated, can perform a variety of cognitive operations including novelty 

assessment? 

Distinguishing between these alternative frameworks is d ifficult because of 

the close relationship between novelty and repetition. A theoretical understanding of 

novelty assessment and its neurophysiological mechanism may help differentiate 

between them. Novelty assessment is a long term rnernory-dependent process 

which compares incorning information with an individual's collection of stored 

mernories in order to determine whether current information has been previously 

experienced. If a match is found, a verdict of familiarity is reached; otherwise, a 

verdict of novelty is reached. Although novelty assessment is dependent on long 

term memory, it can be utilized during both long term memory-dependent (e.g. 

learning, recognition) and long term memory-independent (e.g. perception, attention) 

tasks and be haviors. 

The neural mechanisms underlying novelty assessment are not well 

understood although several hypotheses have been proposed. One theory suggests 

that novelty assessment is rnediated by the coordinated activity of dedicated large 

scale neural networks involving the medial temporal regions of the brain (Tulving, 

Markowitsch, Kapur, Habib, & Houle, 1994; Tulving, Markowitsch, Craik, Habib, 8 

Houle, 1 996). Another theory proposes that a comparison between the neural 

activity of rnemory-sensitive and memory-insensitive neurons within inferior temporal 

regions of the brain provides a possible neural mechanism for novelty assessment 

(Li, Miller, & Desirnone, 1 993). Yet another theory is based on neurophysiolog ical 

evidence which demonstrates that neurons in many different regions of the brain are 



sensitive to stimulus repetition (Desimone. 1996; Brown & Xiang, 1998). Such 

neurons have been observed in the spinal cord. nuclei of the brainstem, visual 

cortex, auditory cortex, medial temporal lobes, inferior temporal lobes, and prefrontal 

cortex amongst other regions. Although repetition-sensitive neurons appear to exist 

within rnany different locations of the nervous systern, they do not form large-scale 

repetition-sensitive neural networks. It is hypothesized that these repetition- 

sensitive neurons locally code information which can be used to discriminate novel 

from familiar information. The contrast between a dedicated novelty assessment 

brain system on the one hand, and repetition sensitive neurons coding novelty on 

the other (either in inferior temporal tegions or throughout the nervous system), can 

be used to explore the relationship between novelty and repetition. Does a 

dedicated novelty assessment system exist within the brain or is novelty assessment 

dependent upon a general property of the nefvous systern - sensitivity to repetition? 

These possibilities will be considered in relation to existing data later in the thesis. 

Behavioral Studies of Novelty 

Behavioral studies of novelty assessment fall into two categories: direct and 

indirect. Direct studies refer to experimental paradigms in which the main goal is to 

study novelty assessment. Indirect studies refer to experimental paradigms in which 

the main goal is to study something other than novelty assessment. however, 

because both novel and familiar items are present, the results are also relevant to 

novelty assessment. The psychological history of novelty assessment is quite short, 

thus the majoiity of studies on novelty assessrnent are of the indirect type. 

However. one study which directly tested novelty assessment was conducted by 



Tulving and Kroll (1995). They pre-familiarized subjects to a set of words. Following 

this pre-familiarization phase, a critical encoding list was presented consisting of 

some words from the pre-familiarization list and some new words. Following the 

critical encoding list, subjects' memory was tested with a standard yeslno 

recognition test. On this recognition test, old test items consisted of words subjects 

had seen on the critical encoding list only (defined as the novel set) and words the 

subject had seen during the pre-familiarization phase as well as on the critical 

encoding list (defined as the farniliar set). In addition, new words and words from 

the pre-familiarization phase only were used as lures. Thus, this paradigm tested 

subjects memory for words they had seen once (novel set) or words they had seen 

twice (familiar set) within the experiment (contextual novelty). Tulving and Kroll 

observed that the hit rate for novel words was greater and the false alarm rate lower 

than the respective values for the familiar words. Overall, novel words were 

remembered better than familiar words. This finding supported the novelty I 

encoding hypothesis (Tulving et al., 1 994; Tulving et al., 1 996) which states that 

novelty is a prerequisite for the successful encoding of information into long-term 

memory. 

In general, recognition memory paradigms are direct tests of contextual 

novelty assessment. In these paradigrns, subjects are presented a series of old and 

new stimuli and required to detennine whether each has been previously 

encountered during the experiment. Although not typically discussed within the 

context of novelty assessment, recognition paradigms explicitly require subjects to 

make a novelty decision. Thus, behavioral performance measured during 



recognition tests may be relevant to novelty assessment. For example, recognition 

performance is typically better for low frequency words than high frequency words 

(Anderson & Bower, 1972). lnterpreted within the context of novelty assessment 

(and the novelty I encoding hypothesis), this finding makes good sense because low 

frequency words are more novel than high frequency words and thus more likely to 

be encoded successfully and remembered. 

In addition to direct studies of novelty assessment, sometimes behavioral 

paradigms designed to study something other than novelty may be relevant. One 

such indirect paradigm is the oddball task, the discovery of which is credited to H. 

von Restorff (Hunt, 1995). In this task, a list in which one item differs from the rest is 

presented to subjects to learn. The typical finding is that memory for the distinctive 

item is better than memory for the other list items. This paradigm differs from other 

novelty assessment paradigms in that al1 list items. including the distinctive item, are 

new - no old items are presented. However, the similarity amongst the non- 

distinctive list items sets up the context within which the distinctive item appears 

more novel and is consequently better learnt and later remembered. This finding 

suggests that apparent f o n s  of stimulus novelty (something which appears more 

novel than its surrounding items, even though they are al1 equally novel) share 

similar properties with real forms of stimulus novelty (i.e. the enhanced memory for 

new items). A modified version of this paradigm has been used in event related 

potential (ERP) experiments to examine the neurophysiological mechanisms 

underlying the enhanced memory for the distinctive list item (Knight, 1984; Knight, 

1997; Knight & Nakada, 1998). Findings from these studies suggest that distinctive 



list items generate a large-amplitude positive scalp potential that is not observed for 

non-distinct list items; this positive scalp potential, labeled the P3a, is maximal over 

frontal regions of the brain and occurs approximately 300 msecs after the 

presentation of the stimulus. 

Relatively little psycholog ica l research has been conducted on novelty and 

novelty assessment. What little research has been done seems to suggest that 

novel information is better remembered than familiar information. This was 

demonstrated in the direct study of novelty assessment by Tulving and Kroll (1995) 

and also in the oddball paradigm [von Restorff effect (Hunt, 1995)l. The finding that 

low frequency words are bettered remembered is also consistent with this 

conclusion, as is the finding that the rate of learning decreases as the number of 

learning trials increases (i.e. a decelerated learning curve - the gain from the first to 

the second learning trial is greater than the gain from the second to the third, and so 

on). These results are consistent with the novelty I encoding hypothesis which 

suggests that novelty is a determinant of encoding success (Tulving et al., 1994; 

Tulving et al., 1996). 

Neurophysiological Manifestations of Novel Information 

The most direct method of measuring neural activity is with electrodes 
b 

implanted directly in the brain. Neither ERPs, which record electrical activity at the 

surface of the scalp nor PET or fMRIt which are haemodynamic techniques, offer the 

spatial and temporal accuracy achieved with single unit recordings. Of course, as 

the name suggests, single unit recording measures activity in individual neurons, 

whereas PET, ERP, and fMRl measure the activity of populations of neurons. 



Whether single unit activity or population activity is more representative of the neural 

mechanisms underlying cognitive processes is an open issue. Furthemore, the 

relationship between single unit activity and population activity has not be fully 

worked out. Thus, the correspondence between single-unit neurophysiological 

studies of novelty assessment and population based ERP and functional 

neuroimaging studies of novelty assessrnent is tentative at best. Neverlbeless, the 

greater spatial and temporal accuracy offered by single unit methods in conjunction 

with the greater control offered by animal models of novelty assessment have led 

many researchen to examine the response of individual neurons to new and old 

information. 

Rolls, Perrett, Caan, and Wilson (1982) examined the activity of individual 

neurons at the anterior border of the thalamus while monkeys performed a visual 

recognition task. On this task, monkeys were shown visual stimuli twice, once when 

they were novel and again after O to 17 intervening items (farniliar). On the initial 

presentation, monkeys were required to withhold licking a tube to avoid receiving 

aversive hypertonic saline. On the second presentation, monkeys could lick the tube 

to receive fruit juice. Thus, this task required monkeys to encode, hold in rnemory, 

and recognize a set of stimuli. By varying the retention interval between the initial 

and repeated presentation, Rolls et al. (1982) were able to estirnate the duration of 

the neuronal response to a familiar item. The results indicated that neurons in the 

anterior border of the thalamus increased their firing rate upon encountering a 

familiar item. This increase in firing rate was independent of the accuracy of the 

monkey's response on that trial. The activity of neurons responding to familiar 



objects decreased as a function of the number of intervening objects between the 

initial and repeated presentations. However, even after 1 7 intervening objects, the 

neuronal activity to the repeated presentation was stiil significantly greater than the 

neuronal activity to the initial presentation. In addition to this enhancement of neural 

activity upon presentation of a repeated item, neurons whose activity declined upon 

presentation of a repeated item were also observed. Typically, however, neurons 

exhibited one or the other response; neurons whose activity both increased and 

decreased as a function of repetition were not observed. Rolls et al. (1 982) took 

these data to suggest that ". .. there is a population of neurons in a region at the 

anterior border of the thalamus with activity related to recognition, in that their 

responses occurred to the presentation of familiar but not novel stimuli." (p. 636). 

Although the activity of these neurons was governed by stimulus familiarity, the fact 

that the activity of these neurons distinguished stimuli which were novel from stimuli 

which were familiar is sufficient to suggest that neurons in this region may perform a 

function related to some fom of novelty assessment. 

Brown, Wilson, and Riches (1987) examined the activity of neurons in the 

monkey inferomedial temporal cortex, hippocampus, and subicular cortex in 

response to the initial and subsequent presentations of visual stimuli on a conditional 

delayed matching task. Monkeys were shown two objects in succession. If the two 

objects were identical, the monkey could receive fruit juice by a right panel prsss. If 

the two objects differed, the monkey could receive fruit juice by a left panel press. 

Thus, this task tested monkeys ability to encode, hoM in memory, and recognize 

visual stimuli. Brown et al. (1 987) observed that the firing rate of 27% of the visually 



responsive neurons in the inferomedial temporal cortex significantly declined upon 

repetition of novel stimuli. No such activity decrements were observed in 

hippocarnpal or subicular neurons. The authors suggest that the declining response 

may be a mechanism by which familiarity and recency information is encoded by 

inferomedial temporal neurons 

The preceding studies have indicated that neurons exist in the inferornedial 

temporal lobe and thalamus whose activity distinguish novel stimuli from familiar 

stimuli. In some instances, neurons respond more vigorously to novel stimuli 

(Brown, Wilson, & Riches, 1987) and in other instances they respond more 

vigorously to familiar stimuli (Rolls, Perrett, Caan, & Wilson. 1982). Both types of 

neural responses, novelty or familiarity enhancement, can be utilized for the 

purposes of novelty assessment. A critical factor appean to the be the localization 

of these neurons - thalamic neurons appear to increase their firing rate upon 

encountering familiar stimuli whereas inferomedial temporal neurons decrease their 

firing rate upon encountering familiar stimuli. 

Riches, W~lson, and Brown (1 991) examined both types of neuronal 

responses. With electrodes implanted in the hippocampal formation, the rhinal 

cortex, the medial and anterior inferior temporal cortex, and areas TF and TH of the 

parahippocampal gyrus of monkeys, these authors examined the response of 

neurons during the performance of a delayed match to sample task in which two 

stimuli were shown in succession. Monkeys were trained to receive fruit juice by 

pressing a right-hand panel if the two objects were the same or pressing a left-hand 

panel if the two objeds were different. An interaction between recording site and 



type of response was observed. In the hippocampal formation and parahippocampal 

gyrus, 71 % of neurons responded more strongly to the second presentation of an 

object than ta the first, whereas 66% of anterior inferior temporal and rhinal cortex 

neurons responded more strongly to the first presentation of an object than to the 

second. Thus, although neurons in both regions may participate in some form of 

novelty-assessment by distinguishing novel stimuli from familiar stimuli, clearly the 

function they perform is different. 

In a follow-up study, Fahy, Riches, and Brown (1993) distinguished between 

two forms of inferotemporal neurons - one whose activity was sensitive to recency 

and one whose activity was sensitive to familiarity. In the former case, neural 

activity was greatest for the initial encounter and gradually declined as a function of 

the duration since the previous encounter. In the latter case, neural activity was 

stronger for novel stimuli than for familiar stimuli, but was not rnodulated by the 

length of the duration since the previous encounter. Interestingly, these two classes 

of neurons were mutually exclusive - familiarity neurons were not sensitive to 

recency and recency neurons were not sensitive to farniliarity. Information coded by 

both familiarity and recency neurons can be used to discriminate novel things from 

familiar things; which is used may depend on whether a decision is being made 

about contextual novelty or absolute novelty. 

Miller, Li, and Desimone (1 991 ) distinguished two different neural 

mechanisms in the inferior temporal cortex, one underlying working memory and the 

other underlying recognition memory. Both mechanisrns can be used to distinguish 

novel stimuli from familiar stimuli. Monkeys were trained on a delayed matching-to- 



sample task. On each trial, a sample stimulus was presented followed by the 

sequential presentation of one to five test stimuli. The monkey was required to 

indicate which of the test stimuli matched the sample by releasing a response bar. It 

was observed that for nearly al1 the recorded cells, the neural response to the 

matching stimulus was smaller than the neural response to the non-matching 

stimulus. The difference between the matching and non-matching responses 

decreased as the number of intervening stimuli increased. Miller et al. (1991) 

suggested that this mechanism could underlie working memory processes since the 

neural response reflects the active maintenance of an item across the presentation 

of a series irrelevant items in anticipation of the matching item. For exploration of 

the neural response underlying recognition memory. the change in neural activity 

over many repeated trials of the test stimuli was examined. It was observed that 

over one third of recorded inferior temporal cortex neurons exhibited a systematic 

decrease in activity levels as the animals gradually becarne more familiar with the 

test stimuli. Based on these results, Miller et al. (1991) proposed a dual role for 

neurons in the inferior temporal (IT) cortex. First, these neurons serve working 

memory by maintaining an active representation of an item across a series of task- 

irrelevant intervening stimuli. Second, these neurons serve long-term memory by 

distinguishing items an organism has previously encountered from novel items. 

An important finding in a follow-up to the study by Miller et al. (1 991) 

demonstrated that the decrement in neural activity observed in IT cortex and 

proposed to underlie long-term recognition memory does not reflect the operations 

of a general novelty assessment mechanism. Li, Miller, and Desimone (1 993) 



demonstrated that the decrement in neural activity as a function of increasing 

familiarity is not general to al1 of the stimuli the monkeys encountered; rather the 

neural activity of specific neurons decreased for specific objects. Li et al. (1993) 

concluded that these neurons do not respond to stimulus novelty and farniliarity in 

general, but rather respond to novelty and familiarity for specific objects. 

In another follow-up, Miller and Desimone (1994) discovered that in their 

standard working memory delayed match-to-sample paradigrn in which monkeys 

were required to hold an item in memory and respond when a matching stimulus 

appeared, monkeys were making their responses using a simple repetition heuristic 

- respond whenever an item is repeated - rather than by comparing the test stimuli 

to the sample held in memory. Using a rnodified delayed match-to-sample paradigm 

in which not only the sample stimuli were repeated but also the non-matching stimuli 

(i.e. A 6 B A type lists), Miller and Desimone (1994) observed that simple stimulus 

repetition resulted in the typically observed decrement in neural activity. However, 

the active cornparison of the sample to the match resulted in an enhanced neural 

response in a different group of IT cortex neurons. That is, the activity of IT cortex 

neurons declined from the first to the second non-match ing stimulus, but the activity 

of other neurons in the same region increased from the sample to its match. Miller 

and Desimone (1994) concluded What the IT cortex wntains at least two 

mechanisrns operating in parallel that could mediate visual STM. One, the 

suppression (or adaptive filtering mechanisrn), is engaged by simple stimulus 

repetition. The second mechanism, enhancement, is engaged when primates 

deliberately use the context of their working memory to search for a particular object 



occurring at an unknown time." (p. 522). Both mechanisms. by distinguishing 

between novel and familiar stimuli, can underlie novelty-assessment. 

The preceding studies have each demonstrated candidate neural 

mechanisms underlying novelty assessment. In a variety of monkey paradigms, 

single unit recordings obtained from different regions of the inferior temporal lobes 

(Brown et al., 1987; Riches, Wilson, & Brown, 1991 ; Miller, Li, & Desimone, 1991 ; 

Fahy, Riches. & Brown, 1993; Li et al., 1993; Miller 8 Desimone, 1994), medial 

temporal lobes (Brown et al.. 1987; Riches et al.. 7991). thalamus (Rolls et al., 

l98Z), and prefrontal cortex (Miller. 1999) have identified neurons that distinguish 

the initial encounter with an item from subsequent encounters with that item. In 

some instances. the neural response indicating novelty and farniliarity is an 

enhancement in firing rate when a familiar object is encountered. In other instances, 

the neural response indicating novelty and familiarity is an enhancement in firing rate 

to novel objects with a gradual decrease as the object becomes familiar. Both types 

of responses have been observed and both can convey information about stimulus 

novelty and familiarity. The finding that novelty assessment can be rnediated by 

different types of neural responses may indicate that it is not a unitary process but is 

rather made up of several parallel processing mechanisms. 

Event Related Potentials and Novelty Assessrnent 

Event related potentials (ERP) allow recording of electrical field potentials 

generatd within the brain by placing electrodes on the scalp. These field potentials 

are produced by the action potentials of neurons as information is processed and 

transrnitted frorn one region to another. By placing many electrodes on the scalp, 1 



is possible to approximate the location of the generator of the field potentials within 

the brain. However, precise localization is not possible because electrical field 

potentials are generated by millions of murons and are attenuated as they pass 

through the skull. Without sophisticated statistical source analysis, localization is 

often restricted to stating from which lobe and hemisphere a signal is likely to have 

been generated. Although the spatial resolution of ERPs is very poor in cornparison 

to modern functional imaging tools such as positron emission tomography (PET) and 

functional rnagnetic resonance imaging (fMRI), they do offer the ability to record 

signal changes with millisecond accuracy. This is not possible with haemodynamic 

techniques such as PET and fMRl because blood flow changes lag several seconds 

behind activity changes. 

The late positive scalp potential discovered by Sutton et al. (Sutton. Braren. 

Zubin, & John, 1965; Sutton, Tueting, Zubin, & John, 1967) and labeled the P300 

has been linked to cognitive processes which deliver significant task-related 

information. Since its discovery, ERP researchers have attempted to characterize 

the specific experimental conditions under which P300 scalp potentials can be 

observed. One experimental paradigm in which P300 scalp potentials are reliably 

observed is target detection. In this paradigm, subjects are required to respond to a 

target item presented randomly amongst a series non-target items. A P300 scalp 

potential is observed for target items but not for non-target items. This evidenœ has 

been used to link the P300 scalp potential to decision-based cognitive processes. 

Within novelty assessrnent paradigms, several researchers have confirmed 

the existence of the P300 scalp potential. This suggests, that one other deteninant 



of the P300 scalp potential is whether incoming information is novel or familiar. 

Before discussing a sample of these studies, the typical paradigm used to examine 

the relationship between the P300 and novelty assessment will be described. Unlike 

the functional neuroimaging studies to be discussed later, ERP studies of novelty 

assessment have typically not employed memory paradigms. Rather, since one of 

the strongest deteminants of the P300 scalp potential is target detection, novelty 

assessment has been mainly measured within this context. In a typical study, 

subjects are shown a series of repeating stimuli that serve as the background 

against which infrequently occurring target stimuli are presented. The ratio of 

background to target stimuli diffen across studies but usually is on the order of 10 to 

1. During the task, subjects are required to make a response when they encounter 

an infrequent target item. Occasionally, another type of stimulus is also presented. 

These are task-irrelevant in the sense that the subject does not need to respond to 

them, yet because they differ fundamentally from the background or target stimuli, 

they are unexpected. For example, if the background stimuli are low tones, and the 

infrequent target stimuli are high tones, then the task-irrelevant stimuli may be the 

sound of a dog barking (Knight, 1984). Wthin such an experimental paradigm, scalp 

potentials are recorded for each type of stimulus and averaged across al1 

occurrences of that stimulus. 

In this experimental paradigm, both the infrequent target items and the 

unexpected task-irrelevant items are considered novel in the context of a familiar 

background stimulus. Although this paradigm may involve noveîty assessment 

processes, it is different from paradigms used to study novelty assessment with PET 



and fMRI. In those, noveity assessment is measured within the context of episodic 

memory - either encoding or retrieval. Whether these two different paradigms rely 

on a common novelty assessment mechanisrn or whether novelty assessment within 

the ERP oddball paradigm differs from novelty assessment within the context of 

episodic memory is a question which needs to be addressed by future research if 

the results from ER? studies are to be related to the results from PET and MR!  

studies. 

In one of the earliest ERP studies of novelty assessment, Squires, Squires, 

and Hillyard (1975) examined the P300 in response to soft and loud tones under 

conditions in which subjects either ignored the tones (read a book) or counted either 

the soft or loud tones. For the present purposes the most relevant finding was a 

distinction between two difierent P300 potentials. Squires et al. (1 975) observed 

that when subjects were asked to ignore the tones altogemer, the tones which 

occurred infrequently generated an early P300 potential which most strong ly 

occurred over frontal and central electrodes. On the other hand, when subjects 

were required to count the infrequent tones, in addition to this early P300 scalp 

potential, they observed a later P300 potential which was maximal over parietal 

electrodes. The authors labeled the former P300 potential P3a and the latter 

potential P3b. Further analysis, based on both the latency and spatial localization of 

the maximal peak, suggested that these two P300 potentials were indeed distinct 

from each other with different neural generaton. It thus appears that the P3a 

potential may refiect novelty assessment type processes, whereas the P3b potential 

more likely reflects decision- or attention-related processes. Alternatively, the 



contrast between the P3a and P3b potentials may be akin to the contrast between 

the rnemory-sensitive and memory-insensitive neurons in the inferior temporal cortex 

of monkeys as reported by Li et al. (1993). Whether such neurons are the 

generators of the P3a and P3b is not known at the present. 

Courchesne, Hillyard, and Galambos (1 975) conducted a similar experiment 

in the visual modality. Subjects were shown a series of numben. The rnajority of 

these numbers consisted of the number 2. A minority of them were the number 4. 

Subjects were rnerely told to look at these numbers while ERPs were recorded from 

several scalp locations. The authors observed larger P300 scalp potentials for the 

infrequent stimuli (4s) than the frequently occurring 2s. In a different experiment, 

subjects were required to count the infrequently occurring 4s. lnterspened in this 

sequence of frequently occurring 2s and infrequently occumng 4s were several 

novel non-numerical stimuli. Subjects were not informed about these stimuli prior to 

the experiment and after encountering them initially, were told to simply ignore them. 

As before, the authors observed larger P300 potentials for the infrequently occurring 

targets (the counted 4s) than the background 2s. However, the novel stimuli 

generated the largest P300 potentials. The P300 potentials for the novel stimuli 

were localized more anteriorly than the P300 potentials for either the 2s or the target 

4s. The authors also compared the amplitude of the P300 potential for the first three 

presentations of the novel stimuli. They observed that the amplitude of the P300 

dropped by 50% from the first to the second presentation and by 60.1 % from the first 

to the third presentation of the novel stimulus - thus, the P300 potential habituated 

to the repeated presentation of the novel stimulus (even though the novel stimulus 



differed on each trial). Another test of the habituated P300 potential came when the 

authots repeatedly presented the same novel stimulus. They observed that the 

P300 potential was 300% larger in amplitude at the frontal electrode for the initial 

presentation of the novel stimulus than the repeated presentation. Based on the 

scalp localization and experimental conditions, the authors interpreted these results 

as reflecting hrvo different P300 generators. One generator, producing parietally 

localized P300 scalp potentials was related to target detection, whereas another 

generator producing frontally localized P300 scalp potentials was related to novelty 

assessrnent of task-irrelevant stimuli. 

The previous two studies suggest that there are at least two different 

generators for the P300 scalp potential: a frontally mediated novelty related 

generator and a parietally mediated decision or attention related generator. To 

better characterize the source of the P300 novelty generators, Knight (1 984) tested 

patients with frontal lobe damage and normal controls on the oddball paradigm. 

During this task, subjects were presented a series of tones. The majority of the 

tones were high frequency; a few low frequency tones, designated as targets, were 

randomly interspersed amongst the high frequency tones. Subjects were required to 

press a button whenever a target tone was presented. In addition to the two types of 

tones, subjects were randomly presented a simulated dog bark; this was designated 

as the novel stimulus. In control subjects, the low frequency infrequently occurring 

target tones generated a parietally distributed P300 potential with a mean latency of 

389 msecs. The novel stimuli (dog bark) also generated a P300 scalp potential, 

however, it had a different mean latency and scalp distribution. The novelty-induced 



P300 was maximally localized over frontal and central electrodes and had a mean 

latency of 340 mecs. This novelty-induced P300 potential decreased by 27% in 

amplitude from the first to the fifth presentation, demonstrating a habituation effect. 

In the frontal patients, the results were different. While no group differences were 

observed in the amplitude, scalp distribution, and mean latency of the P300 potential 

produced by detection of the low frequency target stimuli, there were group 

differences with respect to the novelty-induced P300 potential. In control subjects, 

but not frontal patients, the mean latency and scalp distribution differed between 

target-induced P300 potentials and novelty-induced P300 potentials. This was 

confirmed by a direct comparison of the novelty-induced P300 potential between 

control and frontal patients. The analysis showed that the novelty-induced P300 

potential in frontal patients was significantly smaller in amplitude at frontal sites in 

comparison to control groups. Interestingly, it appean as thoug h the loss of tissue 

in frontal regions is not the source of this difference between patients and controls. 

No selective decrease of P300 potentials were observed over the damaged cortex in 

comparison to the non-lesioned frontal cortex. From these observations, Knight 

(1984) concluded that the prefrontal cortex is not the main generator of the novelty- 

induced P300 scalp potential. Rather, prefrontal cortex modulates the P300 

potential produced by generaton in other parts of the brain. 

Another candidate generator of the P300 is the medial temporal lobe. Palier, 

Zola-Morgan, Squire, and Hillyard (1988) tested this using a monkey model of the 

novelty-induced P300 scalp potential. They tested control and bilaterally lesioned 

hippocampal monkeys in an oddball paradigm similar to that used with humans. In 



addition, ERPs were recorded from human subjects for comparison purposes. In the 

first experiment, subjects were presented mainly high frequency pure tones with a 

few low frequency pure tones interspersed in the sequence. In addition to the high 

and low frequency pure tones, a few complex tones were presented as well. No 

explicit task demands were made on the subjects and ERPs were recorded with 

implanted and scalp electrodes in monkeys and scalp electrodes in humans. The 

three subject groups, hippocampal monkeys, control monkeys, and humans 

produced remarkably similar patterns of scalp potentials. In al1 three groups, the 

complex tones elicited the largest amplitude P300 potentials maximal over central 

electrodes. The low frequency infrequently occurring pure tones generated the next 

largest P300 amplitudes also maximal over central electrodes. The mean latency of 

this potential occurred 50 mecs earlier than the P300 potential elicited by cornplex 

tones. The frequent tones did not produce a P300 scalp potential. 

These findings are in general agreement with other findings reported earlier 

with the addition that bilateral hippocampal lesions do not appear to affect the P300 

novelty-induced scalp potential. In the second experiment, Paller et al. (1 988) tested 

hippocampal monkeys, control monkeys, and humans in an active oddball detection 

paradigm. lnstead of passively listening to tones, subjects were now required to 

respond to infrequently occurring target stimuli. Once again, the results across the 

three su bject groups were rernarkably similar. The authors concluded "The 

elicitation of PB-like ERPs in monkeys did not require the integrity of the 

hippocampus, amygdala. or adjacent cortical areas. ERPs elicited from monkeys 



with bilateral lesions of the medial temporal lobe retained the basic similarities to 

human P3 waves that were demonstrated in intact monkeys." (p. 722). 

Results contray to those presented above were reported by Knight (1 996). 

Using the oddball target detection paradigm with interspersed novel stimuli (both 

auditory and sornatosensory), Knight recorded scalp ERPs from control subjects and 

patients with unilateral posterior hippocarnpal damage. In control subjects, target 

stimuli elicited parietal-centered P3b potential as well as small frontal-centered P3a 

potentials. Novel stimuli generated shorter latency enhanced amplitude P3a 

potentials with fronto-central distributions. Hippocampal patients demonstrated 

comparable P3b potentials to target stimuli, but the novelty-induced P3a potential 

was sig n ificantly reduced (with the most prominent reduction occurring over frontal 

regions). Based on these findings, Knig ht (1 996) concluded that the human 

hippocampal region is a critical cornponent of a novelty detection system. The 

discrepancy between the findings of Knight and those of Paller et al. (1 988) may 

indicate that although the monkey scalp potentials appear sirnilar to human P300 

potentials, they in fact represent a different neural mechanism. 

Yamaguchi and Knight (1 991) extended the domain of the P300 novelty 

response to the somatosensory modality . Using the oddball paradig m, subjects 

received frequent finger taps to the second finger and infrequent target finger taps to 

the fifth finger. In addition, frequent non-target finger taps were made to the third 

and fourth finger. The novel stimulus in the experiment consisted of weak electric 

shocks to the wrist. As expecled, correctly detected target stimuli generated a 

parietally maximal P300 potential with a mean latency of 335 msew. Non-target 



infrequent tactile stimuli generated a P300 potential maximal at centto-parietal 

electrodes. The shock novel stimuli generated a centrally-maximal P300 potential 

with the largest amplitude and shortest latency of any stimulus class. This novelty 

induced P300 response habituated by 17% from the first 3 presentations 

(presentations 1 - 3) to the next three presentations (presentations 4 - 6) and by 

24% to the next six presentations (presentations 7 - 12). The P300 potential 

generated by target detection did not habituate over trials. The similarity of these 

data to novelty induced P300 in the visual and auditory modalities suggest that the 

novelty-induced P300 potential occurs in many different sensory modalities and may 

reflect the operations of a modality-general novelty assessment mechanism. 

Collectively, these studies suggest that a distributed network of brain 

structures consisting of frontal, temporo-parietal, and medial temporal including 

hippocampus participate in novelty assessment. The signature of this novelty 

assessment process is the P3a scalp potential - an early, frontally distributed, 

amplitudeenhanced scalp potential observed when subjects encounter task- 

irrelevant novel stimuli. A thorough review of this literature has been conducted by 

Knight (1 997; 1998). Whether this distributed neural system also underlies novelty 

assessment processes measured within the context of episodic memory paradigms 

remains to be established in future studies. 

Functional Neuroimaging and Novelty Assessrnent 

Modem functional neuroimaging techniques such as positron emission 

tomography (PET) and functional magnetic resonance imaging (fMRI) have provided 

researchers highly advanced tools with which to study brain function. PET and fMRl 



techniques are tools which measure, in different ways, blood flow circulation in the 

brain. Because measurements are taken from within the brain directly, the spatial 

resolution of such techniques is superior to what could be achieved with scalp 

recording techniques. This superiority in spatial resolution cornes at the cost of poor 

temporal resolution. Because haemodynamic changes lag several seconds behind 

changes in electrical activity. it is impossible to attain temporal resolution better than 

a few seconds (with fMRI). 

PET can provide spatial maps of haemodynamic changes across the entire 

volume of the brain by recording, with photon detector crystals placed around the 

head, the location in the brain where a positron collides with an electron. Positrons 

are emitted from within the brain because the radioactive tracer injected into the 

bloodstrearn (often H,o'=) is unstable, and in order to return to stability, must give off 

a single positron which then travels a short distance through the brain before it 

collides with an electron. More positrons are emitted at sites within the brain which 

are active during a task because these sites receive greater volumes of blood due to 

increased oxygen demands. 

Functional neuroirnaging allows the functional neuroanatomy of specific 

cognitive processes to be accurately mapped. The goal of functional neuroimaging 

is not to identify absolute changes in blood flow resuîting from cognition. This is 

because many regions of the brain, including sensory and motor structures, are 

always active during any cognitive operation. To isolate those regions specifically 

related to a cognitive process of interest, blood flow from two tasks, one containing 

the cognitive process of interest (target task) and the other not (reference task), 



must be cornpared (Petersen, Fox, Posner. Mintun, & Raichle, 1988; Petenen, Fox, 

Posner, Mintun, & Raichle, 1989; Buckner & Tulving, 1995). ldeally these two tasks 

will be identical with the exception of the specific cognitive process under study. 

When blood flow recorded during the reference task is subtracted frorn blood Row 

during the target task, the resulting pattern of brain activations is assumed to 

represent the functional neuroanatomy of the isolated cognitive operation. This 

technique is known as the subtraction rnethod, and underlying it is the assumption of 

additivity of neural processes. For the subtraction technique to yield meaningful 

results, it rnust be assumed that cognitive processes can be added and subtracted 

frorn a task linearly - that is, inserting a cognitive process into a task does not alter 

the activity pattern resulting from the remaining processes, it merely adds certain 

structures to the pattern. Sirnilarly , subtracting a cognitive process merely removes 

specific activations, otherwise leaving the activation pattern unaltered. For this 

assumption to be valid, brain function must be strictly localized within specific 

reg ions. 

Evidence against this assumption has been provided by Jennings, Mclntosh, 

Kapur, Tulving, and Houle (1997). They demonstrated that the pattern of activations 

resulting frorn the subtraction of a non-semantic encoding task from a semantic 

encoding task is dependent on how the subjects respond during the task (with a 

mouse, verbally, or none at all). If brain function was strictly localizable and additive, 

changing the method by which subjects responded should not have altered the 

functional mapping of semantic encoding. Because it did, these data argue against 

a strictly additive model of brain function, and cast doubt on the subtraction method. 



Fortunately, modern experimental designs employing factorial approaches 

circumvent the problems associated with the subtraction method. 

Tuhring et al. (1994; 1996) defined novelty activations as brain structures that 

are revealed when a condition with familiar stimuli is subtracted from a condition with 

novel stimuli. Thus, novelty activations would be revealed in a study which 

cornpared recognition of new words to recognition of old words. However, novelty 

activations would also be revealed in a study which compared encoding to 

recognition. This is because during encoding, the stimuli are novel within the 

experimental context, but on the recognition test. they are familiar. Activations 

revealed in the encoding - recognition subtraction may not be ideally suited for 

examining novelty assessment. These activations would likely reflect encoding 

processes or some interaction between encoding and novelty assessment; they 

would not reflect novelty assessment independently of encoding, however. 

Therefore, to eliminate potential confounds arising from subtractions such as 

encoding - recognition, a further stipulation will be added to the above definition: the 

cognitive process subjects perform du ring the novel condition s hould be 'nominal ly' 

the same as the cognitive process perfoned during the familiar condition. Wth this 

additional req uirement, encoding - recognition and similar subtractions would no 

longer reveal novelty activations as defined by Tulving et al. (1 994; 1 996). 

The rnodified definition of novelty activations eliminates one fonn of 

ambiguity, yet at least one other remains. Consider a typical implicit memory test. 

To reveal priming, unprimed test performance is subtracted from primed test 

performance. To study the neural correlates of priming, blood flow measured during 



primed test performance has been subtracted from blood flow measured during 

unprirned test performance (Squire, Ojemann, Miezin, Petersen, Videen, & Raichle, 

1992). At first glance, it would appear that such a subtraction would reveal novelty 

activations since a condition with farniliar stimuli (primed condition) is compared to a 

condition with novel stimuli (unprimed condition). However, on most tests of implicit 

memory, the physical format of the test cue is different from the physical format of 

the studied item. For example, on word stem completion, subjects study a series of 

words but are later tested with only the beginning stem of the word (e.g. for the 

studied word House, subjects would be tested with the cue Hou ). Because the 

physical format of the test cues differ from the physical format of the studied items 

they represent, at the tirne of the test, subjects will not have previously encountered 

the test cues in either the primed or unprimed condition (although they will have 

encountered the words the primed cues represent). At the level of the physical 

stimulus, both the primed and unprimed conditions contain new stimuli, and thus a 

cornparison between these conditions would not reveal novelty activations. To 

explicitly eliminate such comparisons, a second stipulation will be added to the 

original definition of novelty activations: for a novel item to become familiar upon 

repeated presentation, its initial physical format and its repeated physical format 

must be the same. In the following paragraphs, studies of novelty assessment will 

be reviewed which not only meel the original definition (Tulving et al., 1994: Tulving 

et al., 19Q6), but the two additional requirements as well. 

Two early studies of recognition memory, one using auditorily presented 

sentence stimuli (Tulving, Kapur, Markowitsch, Craik, Habib, 8 Houle, 1994) and the 



other using scenic picture stimuli (Tulving et al., l994), provided the first functional 

neuroirnaging examination of novelty assessment. In both studies, subjects were 

farniliarized with a set of stimuli one day before PET scanning. On the scan day, 

subjects were shown, in different scans, mainly new or mainly old stimuli. Subjects 

were informed of the composition of each test list (mainly old or mainly new) and 

were required to count the number of test items in the minority on that k t .  In both 

studies, recognition of old stimuli was subtracted from recognition of new stimuli, 

revealing novelty activations. In the auditory sentences study, novelty activations 

were observed in bilateral middle temporal gyrus and left insula, whereas novelty 

activations in the scenic pictures study were observed in the extended circuit of 

Papez (Markowitsch. 1995) including the hippocarnpal formation and 

parahippocampal gyrus in the rig ht hernisphere, the medial dorsal thalamus, anterior 

cingulate, medial prefrontal, and orbitofrontal cortices. Tulving et al. (1 994) 

suggested that the activation of the extended Papez circuit during the picture 

recognition study may represent the novelty component of a novelty-encoding 

network. This network would perform novelty assessment on incoming information, 

and that which was deemed novel would be passed on for subsequent processing. 

Similarly, bilateral middle temporal and left insular activations during the auditory 

sentence recognition study may represent the novelty component of a verbal 

novelty-encoding network. 

Tulving et al. (1996) cornbineci the auditory sentences and sœnic pictures 

recognition studies with a study of visual word recognition (Kapur, Craik, Jones, 

Brown, Houle, & Tulving, 1995) to perform a meta-analysis of novelty activations 



across different material type and sensory modalities. Activations in several brain 

structures, including bilateral inferior and middle temporal gyri, bilateral parietal and 

temporal opercula, and bilateral temporo-occipital junctions, were common across al1 

three studies. These results led to the suggestion that these regions may comprise 

a trans-modal novelty assessment system - these structures would serve to 

discriminate new information from old information independently of the modality 

(visual I auditory) and physical form (verbal 1 non-verbal) of the stimuli. Tulving et al. 

(1 996) distinguished this trans-modal novelty assessment system from stimulus- 

specific novelty assessrnent systems such as the extended Papez circuit identified 

for novelty assessment of scenic pictures or the bilateral insular novelty activations 

identified du ring processing of new auditory sentences. The authors extended the 

noveltyencoding hypothesis by suggesting that output from the stimulus-specific 

novelty systern serves as input into the trans-modal novelty system, which in turn 

sends its output for further encoding (if deemed novel) to the left prefrontal regions 

of the brain. 

Several other memory studies have also, either directly or indirectly, 

exarnined novelty assessrnent. Rugg, Fletcher, Frith, Frackowiak, and Dolan (1996) 

subtracted blood flow measured during recognition of mainly old words from blood 

flow measured during recognition of new words. Novelty activations were observed 

in two regions: the left posterior cingulate cortex and the right ventral occipito- 

temporal cortex. Stern, Corkin, Gonzalez, Guimaraes, Baker, Jennings, Carr, 

Sugiura, Vedantham, and Rosen (1 996) exarnined novelty asseument during 

encoding of pictorial stimuli. They compared a condition in which subjects encoded 



new pictures to a condition in which they encoded a single picture repeatedly. 

Subtracting the repeated condition from the new condition, Stern et al. (1996) 

observed bilateral novelty activations in posterior hippocampal formation and 

parahippocampal gyrus as well as the lingual and fusifom gyri. Gabrieli, Brewer, 

Desmond, and Glover (1 997) also found novelty activations during encoding of 

pictures in the posterior hippocampus using a paradigrn similar to Stern's. Dolan 

and Fletcher (1 997) examined encoding of new and repeated categoryexemplar 

word pairs. Subjects encoded either new categories paired with new exemplars, 

repeated categories paired with new exemplars, new categories paired with 

repeated exemplars, or repeated categories and exemplars paired together. 

Activation in the left hippocampal formation was greatest when both the category 

and exemplar were new, less when either the category or the exemplar was new 

and the other repeated, and lowest when both the category and exemplar were 

repeated. Düzel, Cabeza, Picton, Yonelinas, Scheich, Heinze, and Tulving (1 999) 

subtracted blood flow measured during semantic retrieval of words previously 

encountered from blood flow measured during semantic retrieval of new words. 

They observed novelty activations in the right rnedial temporal cortex, left temporal 

cortex, and anterior cingulate. 

Studies of cognitive learning , such as those employ hg  multi-trial learning and 

artificial grammar paradig ms present another opportunity to stud y the mechanisms 

of novelty assessment. In these paradigms, learning occun over many trials. 

Novelty activations are revealed when blood flow measured during learning after the 

first trial is compared to blood fiow measured during initial learning. One of the 



earliest studies of cognitive learning was conducted by Raichle, Fiez, Videen, 

Macleod, Pardo, Fox, and Petersen (1994). They asked subjects to generate verbs 

when given nouns (e.g. Say Climb when shown Ladder) and compared this verb 

generation condition with a condition in which subjects were sirnply asked to repeat 

the nouns. The verb generation task resulted in greater activations in left 

dorsolateral preftontal cortex, anterior cingulate, and right cerebellum when 

compared to the noun reading condition. Following eight practice trials of the verb 

generation and noun repetition tasks, subjects were once again scanned while 

performing the verb generation and noun repetition tasks. The activations observed 

when the task was performed for the first time were no longer evident. Instead, they 

observed activations in bilateral sylvian-insular regions. Following these practiced 

scans, the authors scanned subjects once again while perfoning the verb 

generation and noun repetition tasks, this time however, new nouns and verbs were 

presented during the scans. The subtraction of the noun repetition task from the 

verb generation task with new stimuli resulted in the same pattern of activations as 

when the subtraction was performed for the first time - that is, left prefrontal, anterior 

cingulate, and right cerebellar regions were activated to a greater extent during verb 

generation than noun repetition. 

Berns, Cohen, and Mintun (1997) examined learning in an artificial grammar 

paradigm. Using a five-node finite state grammar, subjects were required to press 

one of three keys on a keypad in correspondence to the appearance of the numben 

1, 2, and 3 on a cornputer rnonitor. As subjects implicitly leamed the grammar, 

reaction times gradually improved. ARer 28 blocks of leaming one grammar, a 



second grammar was introduced, and subjects performed the reaction time task 

based on this new grammar for another 25 trials. The authon argued that since 

implicit learning of one grammar causes expectations to develop for each stimulus 

based on stimuli preceding it (its context), changing the rules of the grammar will 

cause subsequent stimuli to violate these expectations by appearing in novel 

conterts. "Thus, a switch in grammar should engage mechanisms sensitive to 

novelty. Furthemore, if participants are unaware of both the initial grammar and the 

switch, then changes in behavior and regional brain activity associated with the 

switch should represent processes occurring without awareness." (pp. 1272 - 1273). 

Fourteen PET scans were obtained at various points during the learning of the Wo 

grammars. Three areas of blood fiow increase were observed when rCBF 

measured at the end of the first grammar (farniliar context) was subtracted from 

rCBF measured at the beginning of the second grammar (novel context). These 

included the left premotor area, leff anterior cingulate, and right ventral striatum and 

nucleus accumbens. In contrast, decreased activity was observed in right 

dorsolateral prefrontal cortex (BA 45/46) and right inferior parietal and superior 

temporal areas during the sarne comparison. 

Petersson, Elfgren, and lngvar (1997) examined multi-trial learning of a series 

of abstract drawings. Over many trials, subjects were required to learn repeatedly, 

and then draw from memory, a series of 15 different abstract designs. PET scans 

were obtained during the first two recall trials and also during recall trials following 

six further leaming trials. Bilateral medial temporal lobe (hippocampal and 

parahippocampal gyrus) and inferoternporal lobe activity was greater during novel 



recall trials than during familiar recall trials. The authors suggested that one 

possible role of the MTL region during novel recall may be memory consolidation. 

Because the abstract designs are still relatively new to the subjects during the early 

stages of learning, MTL structures may be more active to help consolidate this 

information. Once the information is well learnt, MTL structures are no longer 

necessary to retrieve this information. 

Kopelman, Stevens, Foli, and Grasby (1998) examined rnulti-trial learning of 

verbal material. Unlike the study by Petersson et al. (1 997), Kopelman and his 

colleagues measured changes in blood flow during the learning phase rather than 

the recall phase. Blood flow was measured while subjects were learning either (1) a 

single word repeated fifteen times, (2) 15 words not previously encountered during 

the experiment (novel condition), or (3) 15 words previously encountered during the 

experiment (repeated condition). When blood fiow in the repeated condition was 

subtracted from blood flow in the novel condition, novelty activations were observed 

in left inferior frontal gyrus, left precentral gyrus, left medial temporal lobe including 

the hippocampus, left occipitotempotal junction, left lingual gyrus, and left 

cerebeilum. The authors interpreted the left inferior frontal gyrus activation as 

possibly reflecting encoding processes and the left medial temporal lobe activation 

as reflecting novelty processes. As subjects became familiar with the words during 

repeated leaming trials, activity in these regions decreased, possibly reflecting the 

fact that since the information is no longer novel (decreaseû hippocampal activity), it 

is not encoded into episodic memory (decreased left inferior frontal gyrus activity ) . 



This interpretation is in agreement with the novelty encoding hypothesis proposed by 

Tulving et al. (1 994; 1996). 

Van Horn, Gold, Esposito, Ostrem, Mattay, Weinberger, and Berman (1998) 

examined changes in brain activity as subjects became more proficient at navigating 

a cornputer generated rnaze. Subjects were scanned while they initially learnt to 

navigate the maze and again after one trial of perfect maze navigation. Sutatraction 

of blood flow measured during perfect maze navigation (familiar) from blood flow 

measured during initial maze learning (novel) revealed blood flow increases in right 

inferior, middle, medial, and superior frontal gyri. right middle temporal gyrus, 

bilateral fusiform gyrus, cuneus, right inferior parietal lobule, and cerebellum. 

Surprising ly , hippocampal activity was not greater du ring initial learning than 

practiced navigation, although it was greater in both of these conditions in 

cornparison to a control condition. This finding may suggest that during maze 

navigation tasks, the hippocampus may participate in maze navigation ahead of 

novelty assessmen t. 

Finally, Martin, Wiggs, and Weisberg (1997) examined changes in rCBF 

resulting from task proficiency. Subjects were scanned twice while encoding various 

forms of verbal and non-verbal stimuli. The authors subtracted blood fiow measured 

during the second encoding trial from blood flow measured during the first encoding 

trial across al1 stimulus types. Importantly, the stimuli differed between the first and 

second encoding trials. Thus, novelty in this study was examined at the level of 

task, not individual stimuli. They observed that activity in the right hippocampus 

decreased when the task was repeated whereas activity in the left hippocampus was 



unaffected. This finding is important because it suggests that novelty activations do 

not only occur for particular stimuli, but may also be observed at the level of a task 

(Martin, 1 999). 

Another experimental paradigm in which novelty assessrnent can be 

examined is priming. Prirning is a fom of implicit memory which refers to the 

facilitated processing of particular stimuli resulting from prior experience with those 

stimuli (Tulving & Schacter, 1990). This facilitation is often measured in the form of 

better accuracy or faster reaction times. Subjects need not be, and often are not 

aware that they have previously encountered the stimuli they are processing now; 

facilitated performance is observed just the same. Thus priming is a nonconscious 

form of human memory. There are different forms of priming. Perceptual prirning is 

measured on tasks, such as word fragment completion and word stem completion, 

in which processing is largely detemined by the physical properties of the test cues 

(Tulving & Schacter, 1990). For example, after studying a series of words (e.g. 

ASSASSIN) subjects receive fragmented cues representing studied (e.g. A- -A- 

- IN) and new words (e.g. -G-O-T-C) and are instructed to solve each fragment 

with the first word that cornes to mind. Conceptual priming is measured on tasks 

which require some fonn of semantic processing (Tulving & Schacter, 1990). For 

example, given a category label and required to provide exemplars, subjects are 

more likely to generate exemplars which were previously encountered during the 

experiment instead of new exemplars. 

Both perceptual priming and conceptual priming have been examined with 

functional neuroimaging tools. However, whereas studies of conceptual priming are 



relevant for understanding novelty assessment, studies of perceptual priming are not 

(and will not be reviewed here). As discussed earlier, this is because studies of 

perceptual priming violate stipulation #2 outlined on page 29 which states that for a 

novel item to become familiar upon repeated presentation, its initial and repeated 

physical formats must be the same. In the case of perceptual priming, because the 

physical format of the stimuli during encoding (undegraded) and test differ 

(degraded). during the test, both the primed and unprimed conditions contain new 

stimuli (at a physical level) and hence the cornparison of blood flow measured during 

each does not reveal novelty activations. 

Gabrieli and his colleagues (Demb, Desmond, Wagner, Vaidya. Glover, & 

Gabrieli, 1995; Gabrieli, Desmond, Demb, Wagner, Stone, Vaidya, 8 Glover, 1996) 

have examined the neuroanatomical correlates of conceptual priming using 

functional magnetic resonance imaging. In different scans, subjects encoded words 

using sernantic (deterrnining whether words were concrete or abstract nouns) and 

non-semantic orienting tasks (determining whether words appeared in upper- or 

lower-case letters). After initial encoding, subjects perforrned the semantic and non- 

semantic encoding tasks once again (with the same set of materials). Gabrieli et al. 

obsewed greater left prefrontal activation du ring semantic encoding than non- 

sernantic encoding. With respect to the conceptual priming manipulation, they 

observed a decrease in the left prefrontal activation observed during semantic 

encoding when the task was repeated. Wagner, Desmond, Demb, Glover, and 

Gabrieli (1 997) extended this finding to a different semantic encoding task 

(detenining whether words represented living or non-living things) as well as to 



pictures. In both cases, Wagner et al. also observed less left prefrontal activity when 

the stimuli were repeated than on the initial encoding trials. Because Gabrieli and 

his colleagues did not measure blood flow in the entire brain, it is not known whether 

these activation decreases extend to other parts of the brain. Buckner, Goodman, 

Burock, Rotte, Koutstaal. Schacter, Rosen, and Dale (1998) however examined 

conceptual priming for pictures across the entire brain. They observed that when 

the unprirned condition (initial presentation) was subtracted from the primed 

condition (second presentation), decreases in activation (novelty activations) were 

observed in bilateral extrastriate cortex extending into inferior temporal regions, left 

dorsolateral prefrontal cortex, and anterior cingulate cortex. The authors suggested 

that decreased activation in these structures reflects the neural correlates of object 

priming . 

Functional neuroimag ing data from three different experimental paradigms 

which have provided information about the functional neuroanatomy of novelty 

assessrnent have been reviewed. These experimental paradigms are: episodic 

encoding and retrieval, cognitive learning, and conceptual priming. The foci of 

novelty activations in each paradigm are sumrnarized in Tables 1 - 3, and these 

coordinates are graphically depicted in Figures 1 - 3 (studies in which coordinates 

are not provided are not listed in the tables or plotted in the figures). The general 

pattern which emerges from the episodic encoding and retrieval studies is that 

novelty activations mainly occur within temporal regions of the brain, including 

medial temporal lobe structures such as the hippocarnpus, parahippocampal gyrus, 

and uncus. In five of seven episodic mernory studies, greater medial temporal lobe 



activations were observed during processing of novel information compared to 

processing of familiar information (Tulving et al.. 1994; Stern, Corkin, Gonzalez, 

Guirnaraes, Baker, Jennings, Carr, Sugiura, Vedantham, & Rosen. 1996; Gabrieli, 

Brewer, Desrnond, & Glover, 1997; Dolan 8 Fletcher, 1997; Düzel, Cabeza, Picton. 

Yonelinas, Scheich, Heinre, & Tulving, 1999). In addition. five of six [Gabrieli (1 997) 

was excludeci because temporal cortices were not scanned] studies revealed novelty 

activations within various regions of the temporal cortex (Tulving et al., 1994; Rugg, 

Fletcher, Frith, Frackowiak, & Dolan, 1996; Stern et al., 1996; Dolan & Fletcher, 

1997; Düzel et al., 1999). These observations are graphically depicted in Figure 1. 

Tulving et al. (1996) observed middle and inferior temporal cortex novelty activations 

when they performed a meta-analysis of three PET studies of episodic recognition. 

Because the three studies differed with respect to the type and modality of the 

stimuli, Tulving et al. suggested that these regions may comprise a trans-modal 

novelty assessment system. The observation that temporal cortex novelty 

activations were observed in five of six episodic memory studies reviewed here 

which also differed with respect to stimulus type and modality is in good agreement 

with the trans-modal novelty hypothesis. These results are also in good agreement 

with results from both single unit recordings in monkeys and ERPs in humans, and 

suggest that regions of the temporal cortex. induding medial structures, participate 

in novelty assessment. 

The pattern which emerges from studies of cognitive learning is in general 

agreement with the episodic memory pattern. Four of six studies reviewed found 

evidenœ for meâial temporal lobe activation when the task was novel compared to 



when subjects had becorne familiar and practiced with it (Martin, Wggs, & Weisberg, 

1997; Petersson, Elfgren, & Ingvar, 1997; Kopelman, Stevens, Foli, 8 Grasby, 1998; 

Van Horn, Gold, Esposito, Ostrem, Mattay, Wein berger, 8 Berrnan, 1 998). 

Furthermore, three of five studies [Martin (1 997) was excluded because temporal 

cortices were not included in the analysis] observed novelty activations within 

various regions of the temporal cortices (Petenson et al., 1997; Kopelman et a!., 

1998; Van Horn et al., 1998). However, in addition to novelty activations within 

temporal ragions, including the medial temporal lobes, cognitive learning studies 

also revealed involvement of the frontal lobes during novelty assessment. Three of 

four studies [Martin (1 997) and Petersson (1997) were excluded because frontal 

cortices were not included in the analyses] revealed novelty activations within both 

the left and right prefrontal cortex (Raichle, Fiez, Videen, Macleod, Pardo, Fox, & 

Petersen, 1994; Kopelman et al., 1998; Van Horn et al., 1998). lnterestingly the two 

verbal learning studies (Raichle et al., 1994; Kopelman et al., 1998) resulted in left 

prefrontal novelty activations, whereas the non-verbal maze learning study resulted 

in right prefrontal novelty activations (Van Horn et al., 1998). Thus, by and large, 

novelty activations observed during cognitive learning paradigms agree with those 

observed during episodic memory encoding and retrieval paradigms. In both groups 

of studies, novelty activations were associated with increased temporal lobe 

activations, including increased activations within medial temponl lobe structures. 

In addition frontal novelty activations were observed during cognitive learning 

paradigms. 



The last experimental paradigrn reviewed was conceptual priming. Because 

Gabrieli's group did not scan the entire brain in their early studies, their studies of 

conceptual priming only provide information regarding involvement of the frontal 

lobes. Nevertheless, they demonstrate for both verbal and non-verbal information 

that novel information is associated with increased left frontal lobe activation, with 

activity in this reg ion decreasing when subjects perfom the task for the second tirne 

(familiar). Buckner et al. (1 998) did scan the entire brain with event-relate functional 

magnetic resonance imaging and observed novelty activations within the left 

prefrontal region (similar to what Gabrieli's group had observed), but in addition, also 

observed novelty activations in posterior extrastriate and inferior temporal regions. 

Therefore, in agreement with the other two experimental paradigms, novelty 

assessment within conceptual priming paradigms involves temporal regions 

(although not medial temporal regions), but in addition, frontal lobe novelty 

activations were also observed similar to the learning paradigms, but not the 

episodic memory paradigms. 

In surnmary, findings from a majority of the studies reviewed here suggest 

that temporal regions of the brain, including medial structures, may participate in 

novelty assessment. In addition, the cognitive learning and conceptual priming 

paradigms provide some evidence to implicate the prefrontal cortex, particularly the 

left, whereas the episodic memory paradigms do not. Although studies utilizing all 

three experimental paradigms met the three conditions outlined earlier for inclusion 

in the review, there is a difference behnreen the episodic memory paradigms and the 

other two which may help explain this difference in frontal involvement during novelty 



assessment. In studies of episodic memory encoding and retrieval, the stimuli are 

different between the novel and familiar conditions. For example, in both studies by 

Tulving et al. (1994; 1994), subjects were scanned while recognizing lists of either 

mainly new stimuli or lists of mainly old stimuli which they had seen on the previous 

day. The same is true of the other episodic retrieval studies (Rugg et al., 1996; 

Düzel et al., 1999). Studies of episodic encoding also compared conditions in which 

the stimuli were new to conditions in which the stimuli were either old (Dolan 8 

Fletcher, 1997) or presented repeatedly (Stern et al., 1996; Gabrieli et al.. 1997). 

On the other hand, during cognitive learning and conceptual priming studies, the 

same set of stimuli become increasingly familiar over the course of the experiment. 

For example, Dernb et al. (1995) measured blood flow while subjects were encoding 

nouns for the first time (unprimed condition - novel) or for the second time (primed 

condition - familiar). Petersson et al. (1 997) compared initial recall of an abstract 

design to well-practiced recall of the same abstract design. Thus, whereas cognitive 

learning and conceptual priming studies examine changes in blood flow resulting 

from the gradua1 familiarization of a set of stimuli, episodic encoding and retrieval 

studies measure differences in blood flow while subjects recognize different sets of 

new and old stimuli (generated by manipulating their prior experimental history). It is 

possible that the left prefrontal activation observed during cognitive learning and 

conceptual prirning paradigms may not be related to novelty assessment per se but 

rather to the necessity for encoding when initially learning something new. As 

leaming progresses, the necessity for encoding changes, with later trials requiring 

less encoding than earlier trials (Raichle et al., 1994). Therefore left prefrontal 



activations will be greater when information is novel than familiar, but not in service 

of novelty assessment but rather episodic encoding. In episodic encoding and 

retrieval paradigms, the necessity for encoding does not Vary between new and old 

experimental conditions, and thus no differential activity within prefrontal regions is 

observed as a function of the novelty or familiarity of the test stimuli. This conjecture 

therefore leads to the suggestion that temporal regions participate in novelty 

assessment, whereas the frontal activations are more likely due to differential 

encoding demands of the task rather than to novelty assessment processes per se. 

Statistical Approach Used to Analyze Irnaqing Results 

The most common tool used for the analysis of functional neuroimaging data 

is Statistical Parametric Mapping [SPM; (Friston, Holmes, Worsley, Poline, Frith, & 

Frackowiak, 1995)l. SPM is a hypothesis-driven univariate statistical tool based on 

the general linear model. SPM is hypothesis driven because the user specifies, via 

contrast vecton, the specific effects to be tested. SPM perfomis a t-test of the 

contrast vectors at each voxel in the brain. The obtained t-scores are converted to 

z-scores and significance is based on both the extent of the activation (number of 

contiguous voxels) and the peak of the activation (largest t-value in the activated 

region). Because SPM treats voxels as independent observations, it is a univariate 

statistical method. This approach is appropriate if one adopts a localizationist's 

viewpoint - function is localizable to specific regions of the brain. Within this 

framework, one is interested in detemining whether certain brain structures are 

more or less active in one task than in another. If on the other hand, one is oriented 

towards a dynamic network framework of brain function (Mclntosh 8 Gonzalez-Lima, 



1994; Bressler, 1995), univariate statistical methods are inappropriate because they 

treat brain regions independently, and do not consider interactions arnongst them. 

The statistical model adopted for the present analyses is Partial Least 

Squares [PLS; (Mclntosh, Bookstein, Haxby, 8 Grady, 1996)j. PLS is a multivariate, 

data-driven analytic tool which extracts spatial patterns of brain activity that are 

optimally associated, as a whole, with aspects of the experimental design or 

behavioral measure. This is consistent with the theoretical stance that brain function 

is the result of interregional interactions (Mclntosh & Gonzalez-Lima, 1994; Bressler, 

1995). PLS operates on the covariance between functional images for al1 subjects in 

al1 experimental conditions and vectors of contrasts coding for the experimental 

design or representing some aspect of behavior. It seeks to obtain a new set of 

variables that optimally relate these two sets of variables using the fewest 

dimensions. To the extent that an experimenter specifies contrasts which are similar 

to the patterns of covariance extracted by PLS, the outcomes of PLS and SPM will 

converge. However, because PLS extracts optimized patterns, it is unlikely that any 

a priori contrast will predict the experimental variance as well as PLS. 

The output of PLS is a set of orthogonal latent variables (LV) which represent 

how different experimental conditions (represented by brain scores') combine to 

produce meaningful patterns of brain activity (represented by singular images). The 

t Brain scores are similar to factor scores in factor or principal components analysis. For each 

subject, the brain score is a number which reflects the cumulative activity of the pattern of brain 

regions revealed in that latent variable. The greater the activity in the pattern, the larger the brain 

score. 



latent variables are presented in decreasing order of the amount of covariance 

accounted for between the functional brain images and vectors coding for the 

experimental design or behavior. The significance of the covariance accounted for 

by each latent variable can be statistically assessed using a permutation test. 

providing a means to determine whether a particular latent variable accounts for a 

significant portion of experimental covariance. In addition, the reliability of regional 

activations (saliences) within a singular image can be assessed using a 

bootstrapping procedure to examine the ratio of the standard error at each voxel to 

its salience (Mclntosh et al., 1996). This ratio approximates a z score and thus its 

significance can be assessed using the standard normal distribution. The spatial 

patterns of activations provided by PLS in singular images not only represent 

differences between experirnental conditions, but may also represent similarities. 

These spatial patterns are likely to represent key regions which fom the nodes of a 

functional network differentially engaged across the conditions of the experiment. 

As a simple illustration of how PLS works, consider a study with four 

conditions, non-semantic encoding, semantic encoding, recognition of words 

encoded non-semantically (non-semantic recognition), and recognition of words 

encoded semantically (semantic recognition). Possible groupings of experimental 

conditions in latent variables are (1) non-semantic encoding and semantic encoding 

versus non-semantic recognition and semantic recognition distinguishing encoding 

from retrieval. (2) Semantic encoding and semantic recognition versus non-semantic 

encoding and nonaemantic recognition distinguishing sernantic processing from 

non-semantic proœssing. (3) Sernantic encoding and non-semantic recognition 



venus non-semantic encoding and semantic recognition representing the interaction 

between the two factors. For each latent variable, the PLS analysis also provides a 

brain image (singular image) revealing the structures whose activity (saliences) is 

best related to the combination of experimental conditions (brain scores) 

represented by that latent variable. 

Outline and Goals 

The goal of this thesis is to examine the neural mechanisms and brain 

systerns underlying novelty assessment. The remainder of the thesis will be divided 

into three main sections. First. a multi-study analysis will examine cornmon novelty 

activations across five PET studies of episodic recognition memory conducted within 

our laboratory. Each of these five studies has been published elsewhere for 

different purposes, however, because each consists of comparable conditions with 

novel and familiar stimuli. thus revealing novelty activations, they will be aggregated 

here to provide a general view of novelty assessment. Next, an original PET study 

will be conducted to examine implicit novelty assessment. lmplicit novelty 

assessment is different from the form of novelty assessment measured on tests of 

recognition memory. On those tests, an explicit novelty decision is required - is this 

item novel or familiar? The goal of this PET study will be to examine how novelty 

affects neural processing when subjects are not explicitly required to determine 

whether stimuli are novel or familiar. Therefore, whereas the multi-study analysis 

will examine explicit novelty assessment, the PET study will examine implicit novelty 

assessment. Following these two sections, there will be a general discussion of the 



findings from this thesis and how these relate to theories about the neural 

mechanisms underlying novelty assessment. 



Multi-Study Anolysis of Five PET Studies of Episodic Recognition Memory 

Introduction 

In any field of research, progress is made when generalizations can be drawn 

from specific instances; meta-analysis is a statistical tool which aids in this 

undertaking (Rosenthal, 1984). Typically, meta-analysis is used to calculate an 

accumulated significance value based on the effect sizes of a number of 

independent experiments. This approach is not well suited to functional 

neuroimag ing research. Because the goal of functional neuroimag ing is to reliably 

relate patterns of brain activity to specific cognitive operations, a functionllocation 

meta-analysis (FOX, Parsons, 8 Lancaster, 1998) is better suited to this task. 

Tulving et al. (1 996) conducted such a function/location meta-analysis by combining 

the activation results from studies of picture recognition, auditory sentence 

recognition (Tulving et al., 1994), and visual word recognition (Kapur et al., 1995) in 

order to examine the brain regions underlying trans-modal novelty assessment. The 

regions identified in this meta-analysis were labeled trans-modal because common 

activations were observed across auditorily and visually presented verbal as well as 

non-verbal stimuli. These trans-modal novelty regions included bilateral middle and 

inferior temporal regions, bilateral parietal and temporal opercula, and bilateral 

temporo-occipital junction. The results suggest that in addition to material-specific 

novelty systems (see review in Introduction), there rnay also exist a modality- and 

stimulus-non-specific novelty system which involves posterior occipital, temporal, 

and parietal regions. Tulving et al. (1 996) revised their novelty-encoding hypothesis 



by suggesting that output from material-specific novelty systems serve as input into 

the trans-modal novelty system which in turn sends its output to frontal regions for 

subsequent encoding (if the information is novel). 

Perhaps the most important conclusion from this meta-analysis is that 

different novelty assessment systems may exist in the brain. Different brain 

structures are activated when novelty is assessed for different classes of stimuli. In 

addition to the modality- and stimulus-specific novelty systems, there is also 

evidence for a modality- and stimulus-non-specific novelty systern whose activity is 

greater when stimuli are novel than familiar, independently of the type of stimuli 

being processed. There is good agreement between this conclusion and what has 

been shown electrophysiologically in patients with hippocampal damage (Knight, 

1996; Knight & Nakada, 1998). In normal subjects, about 300 milliseconds after the 

presentation of a novel stimulus, positive electrical potentials can be recorded from a 

subject's scalp (Courchesne, Hillyard, & Galambos, 1975; Squires, Squires, & 

Hillyard, 1975). It is believed that this scalp potential, referred to as the P3a, is one 

of the signatures of novelty processes in the brain. In patients with hippocampal 

damage, the novelty induced P3a potential is not observed (Knight & Scabini, 1998), 

suggesting that the hippocampus may participate in the process of novelty 

assessment. Furthermore, it has been observed that the absence of the P3a 

potential in hippocampal patients is independent of the modality in which stimuli are 

presented; this finding has been observed in the auditory, visual, and 

somatosensory modalities (Knight 8 Scabini, 1998). This observation suggests that 

the hippocampus may also be a component of the trans-modal novelty system. 



Meta-analysis is conducted in order to combine independent observations 

across many studies when the researcher does not have access to the original raw 

data. When the original data is available, however, more powerful statistical 

methods exist. One such method is to statistically combine the original data, a 

procedure referred to as multi-study analysis (Lepage. Ghaffar, Nyberg, & Tulving, 

2000) in order to contrast it with fundionAocation meta-analysis (Tulving et al., 

1996). The strength of rnulti-study analyses lies in its statistical power. Because the 

N in such analyses is typically large, the researcher is protected from false positives 

as well as having good statistical power to find activated structures. In contrast, 

because the power of each individual study in a meta-analysis is relatively low - 

often only between 12 and 16 subjects are scanned - when these studies are 

combined meta-analytically but not statistically, some activations may be missed; 

combining studies in a meta-analysis does not increase the statistical power. 

Furthemore, because the chances of finding false positive activations in studies with 

small Ns are not neglig ible, when these studies are meta-analytically combined , 

there is also a possibility that regions identified as common activations may have 

arisen due to chance. 

For these reasons, a multi-study analysis was used to explore further trans- 

modal novelty assessrnent. The studies included in this analysis were the picture 

recognition study and auditory sentence recognition study included in the meta- 

analysis by Tulving et al. (1 996). Three other studies of verbal and pictorial 

recognition were also included in the analysis. The first of these studies (Nyberg, 

Tulving, Habib, Nilsson, Kapur, Houle, Cabeza, 8 Mclntosh, 1995) examined visual 



recognition of new, non-semantically encoded, and semantically encoded auditory 

words. The second study (Nyberg, Mclntosh, Cabeza, Habib, Houle, 8 Tulving, 

1996) examined visual recognition of words studied in relation to their meaning (item 

encoding), their location on the computer monitor (spatial encoding), or their 

presence in one of two sequential lists (temporal encoding). The third study 

(Nyberg , Habib, Tulving , Cabeza, Houle, Persson, & Mclntosh, 2000) exarnined 

visual recognition of only new, mixed old and new, and only old words and pictures. 

These five studies were selected because in each study blood fiow was 

measured in at least one condition of recognition memory with mainly new test 

stimuli and one condition of recognition memory with mainly old test stimuli. The 

major differences between the five studies reflected the type and modality of the test 

stimuli as well as the format of the recognition test. Across the five studies, subjects 

were rsquired to recognize pictures (Tulving et al., 1994; Nyberg et al., 2000), 

individual words (Nyberg et al., 1995; Nyberg et al., 1996), and sentences (Tulving 

et al., 1994; Nyberg et al., 2000), with the verbal stimuli presented both visually 

(Nyberg et al., 1995; Nyberg et al., 1996; Nyberg et al., 2000) and auditorily (Tulving 

et al., 1994). Furthemore, in the auditory sentences study (Tulving et al., 1994) and 

the pictures study (Tulving et al., 1994), recognition was tested by requiring subjects 

to count the number of minority stimuli presented, whereas in the remaining three 

studies (Nyberg et al., 1995; Nyberg et al., 1996; Nyberg et al., 2000), recognition 

was tested in standard yeslno manner. Thus, cornmon novelty activations across 

these studies would reflect the operations of a general novelty assessment 

mechanism - one which operates independently of modality, material, and task. 



Methods 

Studies 

The first study (Sentences) examined the neural mechanisms of auditory 

sentence recognition in 12 young right-handed subjects (Tulving et al., 1994). In this 

study, subjects heard a series of auditory sentences presented to thern 24 hours prior 

to scanning. On the following day while being scanned, subjects were required to 

discriminate previously heard sentences from new sentences. Six recognition scans 

were administered. In three scans, subjects heard mainly new sentences and were 

required to mentally note the number of old sentences, whereas in the rernaining three 

scans subjects heard mainly old sentences and were required to mentally note the 

number of new sentences. Subjects reported their wunt following completion of the 

scan. 

The second study (Pictures) measured blood flow during picture recognition in 

12 young nghthanded subjeds (Tulving et al., 1994). The design of this study was 

similar to the Sentences study with the following exceptions: 1) the stimuli were scenic 

pictures from National Geographic, and 2) subjeds received two scans of mainly old 

pictures and two sans of mainly new pictures. 

The third study (Cross-Modality) examined blood flow during visual recognition 

of previously studied auditory words (Nyberg et al., 1995). Prior to scanning, 1 1 young 

right-handed subjects studied words under either semantic or non-semantic encoding 

conditions. During semantic encoding, subjects decided whether words reptesented 

living or non-living things. During non-semantic encoding, subjects decided whether 

the speaker was male or female. In difFetent scans, blood flow was measured while 



subjects recognized semantically or non-semantically encoded words or non-studied 

words. Two scans of each type of recognition condition were perfomed. 

The fourai study (Same-Modahty) examined recognlion of previously presented 

visual words (Nyberg et al.. 1996). Twelve right handed subjects studied words with 

respect to their meaning (Item encoding), the location on the screen they appeared 

(Spatial encoding), or the list they appeared in (Temporal encoding) approximately 10 

minutes prior to each recognition scan. Three recognition conditions were scanned. 

During item recognition, subjects were required to detemine whether each word had 

been presented du ring the study phase. Duhg spatial recognition, subjects were 

shown only old words and were required to indicate on which side of the screen each 

had appeared on during the study phase. During temporal recognition, subjects were 

also shown only old words and were required to indicate in which list each had 

appeared in dunng the study phase. 

The fah study (Combined PicturesISentences) examined recognition of 

previously presented sentences and pictures (Nyberg et al., 2000). Blood flow was 

measured while 11 right handed subjects studied a series of visually presented 

sentences (same as Sentences study) and pictures. Following each encoding scan, 

blood flow was measured in three separate recognition scans. In one recognition 

scan, the test stimuli consisteci of al1 new items. In another recognition scan, the test 

stimuli consisted of half new and haH old items. In the final recognlion scan, the test 

stimuli consisted of all old items. On each recognition scan, subjects were required to 

determine whether each test item had been presented eartier during the encoding 

scan. 



Subject and experimental parameters of each study are summarized in Table 4. 

Statistical Procedure 

Blood flow in each study was measured with a ScanditronixIGEMS PC 2048- 

1 SB PET Scanner using 150-water and 60 s data acquisition scans. Head 

movement was minirnized with a custom-fitted thenoplastic face mask. In each 

study, al1 subjects' blood flow images were aligned to their first image. spatially 

transformed into the standard stereotaxic atlas spaœ of Talairach and Toumoux 

(Talairach & Tournoux, 1988), and smoothed using a 10 mm isotropic Gaussian filter 

using Statistical Parametric Mapping software [SPM95, Wellwrne Department of 

Cognitive Neurology, London (Friston et al., 1995)]. For each subject. the mean value 

of each voxel across al1 their brain images was set to O. This procedure aids multi- 

study analyses in identifying task main effects and study x task interactions at the 

expense of eliminating the study main effect. After al1 pre-processing steps were 

completed, each scan from each subject within each study was cornbined into one 

large dataset for analysis. To increase reliability and the signal to noise ratio, 

experirnental conditions which were scanned more than once were averaged 

together. The averaged image was included in the analysis in place of the individual 

raw images. In the Sentences study, three old recognition scans were averaged 

together and three new recognition scans were averaged together. In the Pictures 

study, two old recognition scans were averaged together and two new recognition 

scans were averaged together. In the Cross-Modality study, two new recognition 

scans were averaged together, two non-semantic recognition scans were averaged 

together, and two semantic recognition scans were averaged together. In the 



Within-Modality and Combined Pictures/Sentenœs stud ies no averag ing was 

performed since no experimental conditions were replicated. The complete five-study 

dataset consisted of 58 subjects and 16 different recognition conditions (see Table 

4). 

The multi-study analysis was conducted using the method of partial least 

squares (Mclntosh et a!., 1996). Typically, the significance of the latent variables in 

single-study PLS analyses is assessed by means of a permutation test. This was 

not possible for the present multi-study analysis because the nurnbers of conditions 

(mostly 2 or 3 per study) within each indkidual study were insufficient to generate a 

diverse permutation of the dataset. However, because of the large number of 

conditions and subjects within this multi-study analysis, it is likely that the first few 

latent variables will account for significant covariance. Unlike the permutation test, it 

was possible to test the reliability of the activated ragions by means of a bootstrapping 

procedure (Mclntosh et al.. 1 996). In bootstrapping , subjects are randomly selected 

into the analysis with replacement from the entire group of subjects within each study. 

For each new sample, the entire PLS analysis is re-calculated. This sampling and 

analysis procedure was canied out 100 times, resulting in estimates of the standard 

error of the covariance between blood flow and the experimental design at each voxel. 

The ratio of the covariance to its standard error is similar to a z-score, and for the 

present results, was thresholded at a ratio of 1.96, approximately equivalent to p c 0.05 

on a two-tailed nomial distribution. Because PLS assesses the relationship between 

blood flow and experimental design simultaneously over the entire brain volume and 

across al1 experimental conditions, it does not require correction for mukiple 



comparisons, as is required by univariate statistical procedures. For this reason, the 

selected bootstrap threshold is rather stringent. The spatial extent of the activations 

was thresholded at 20 voxels or greater. 

Results 

The PLS analysis yielded fifteen latent variables. LV1, accounting for 60.3%' 

of the covariance between blood fiow and the contrast vectors representing the 

design of the multi-study analysis, reflected a distinction between verbal and non- 

verbal processing in the Combined Pictures/Sentences study. None of the remaining 

four studies contributed to this pattern. Because the outcome of this latent variable is 

not relevant to this thesis, it will not be considered further. LV2 accounted for 7.3%' of 

the covariance between blood fiow and the multi-study experimental design and 

distinguished recognition of novel stimuli (novelty activations) from recognition of 

familiar stimuli (familiarity activations) in four of the five studies. This 

noveltylfamiliarity recognition effect is graphically depicted in Figure 4. Reg ions 

activated to a greater extent during recognition of new stimuli are colored yellow, 

whereas regions activated to a greater extent during recognition of old stimuli are 

colored red. Also displayed in Figure 4 is a graphical representation of the 

t The percentage of covariance accounted for is different frorn, and does not correspond to the 

percentage of experimental variance accounted for. Whether the amount of covariance accounted for 

is significant needs to be detennined with permutation test. 

Although it is not possible to test whether this value is significant. considering that it is the second 

latent variable of a possible fifteen in a study with good statistical power, it is likely that it does 

account for a significant proportion of the covariance. 



contribution of each experimental condition to the observed spatial pattern. As is 

evident from the figure, al1 new recognition conditions (in the Same-Modality study, 

the NewIOld recognition condition) with the exception of the Cross-Modality study, 

have negative standardized brain scores, whereas al1 old recognition conditions with 

the exception of the Cross-Modality study, have positive standardized brain scores. 

The peak coordinates for regions greater than 20 contiguous voxels are 

presented in Table 5. Novelty activations were observed in the right hippocampus 

and parahippocampal gyrus, bilateral middle and superior temporal gyri, and left 

superior and medial frontal gyri. Familiarity activations were observed in left middle 

frontal gyrus (BA 1 O), left inferior parietal lobule (BA 7 1 40), cuneus (BA 19), and 

superior occipital gyrus (BA 19). The only experimental conditions not contributing 

to this pattern were the three recognition conditions of the Cross-Modality study. 

The 13 remaining latent variables reflected higher-order study x task 

interactions and will not be considered further. 

A separate PLS analysis was performed on the recognition conditions of the 

Cross-Modality study. This analysis yielded two latent variables, the first of which 

distinguished the new recognition condition from recognition following non-semantic 

encoding. This latent variable accounted for 58% of the covariance between the 

experimental design and blood flow. The semantic encoding condition did not 

contribute to this pattern. The bootstrappeâ activations revealed by this latent 

variable are displayed in Figure 5 and coordinates of bootstrapped activation foci 

greater than 20 contiguous voxels are listed in Table 6. In Figure 5, regions 

acüvated to a greater extent during recognition of new stimuli are colored yellow, 



whereas regions activated to a greater extent during recognition of old stimuli are 

colored red. Also displayed in Figure 5 is a graphical representation of the 

contribution of each experimental task to the observed spatial pattern. The 

separation between the shatlow recognition condition (negative brain scores) and 

the new recognition condition (positive brain scores) is clearly depicted here. 

Novelty activations were observed in left cerebellum, bilateral occipital regions (BA 

18 / 19), left middle (BA 21) and bilateral superior (BA 22) temporal gyri, and the 

cingulate gynis (BA 24 129). Familiarity activations were observed in right 

parahippocampal gyrus (BA 36), left cerebellum, right inferior and middle temporal 

gyrus, left and rnidline occipital regions (BA 18 1 19), anterior cingulate, extending 

into medial frontal gyrus (BA 10) and orbital gyrus (BA 11). 

Discussion 

A multi-study analysis was conducted across five experiments of recognition 

memory to detemine whether a general novelty assessrnent system (independent of 

modalities, materials, and tasks) operated within the brain. Three of the five studies 

(Sentences, Pictures, Combined Pictures/Sentences) met the three requirements 

outlined in the Introduction for a study on novelty assessment: each study contained 

a condition with mainly new stimuli and a condition with mainly old stimuli, cognitive 

operations required by the novel condition were the same as the cognitive 

operations required by the familiar condition, and the physical format of the 

information was mainteined between the initial and subsequent presentations. The 

Cross-Modality and Wthin-Modality studies each met two of the three requirements: 

the Cross-Modality study did not meet the third requirement which stated that the 



physical format of the stimuli should be the same between the initial (auditory) and 

repeated presentations (visual), whereas the Wiaiin-Modality study did not meet the 

second requirement which stated that the cognitive operations during the novel (item 

recognition) condition be nominally the same as the cognitive operations during the 

familiar (spatial I temporal recognition) condition. The individual experiments 

differed non-systematically with respect to stimulus rnodality (visual and auditory), 

stimulus type (words, sentences, and pictures), and recognition test format (yeslno 

recognition and oddball paradigm). The entire data set on which the multi-study 

analysis was performed consisted of 16 conditions (Sentences = 2; Pictures = 2; 

Cross-Modality = 3; Within-Modality = 3; Combined PictureslSentences = 6) and 58 

(Sentences = 12; Pictures = 12; Cross-Modality = 11 ; Wthin-Modality = 12; 

Combined PictureslSentences = 11) subjects. The data across the five studies were 

analyzed using the multivariate PLS technique. The PLS analysis resulted in fifteen 

latent variables, the second of which disthguished recognition of new stimuli from 

recognition of old stimuli across four of the five studies. 

Several novelty activations from the current analysis overlap with the trans- 

modal novelty activations identified by Tulving et al. (1996). For exampte. the left 

and right middle temporal activations of the present analysis (Left: -56 -14 -1 2; Right: 

42 -10 -8) are near sites of trans-modal novelty activations identified in the meta- 

analysis (Left: -48 -6 -12; Right: 46 -6 -8). The same also holds true for the present 

bilateral superior temporal gyrus novelty activations (Left: -54 -26 16 and -38 -26 16, 

Right: 50 4 0  16; Trans-modal Lefk -52 -28 20 and -48 -28 24, Trans-modal Right: 

46 -32 20). Single cell recording studies have indicated that neurons within the 



anterior inferior temporal cortex of macaque monkeys respond more vigorously to 

novel than familiar information (Li et al., 1993; Brown & Xiang, 1998). Together, 

these results indicate that various regions within the temporal lobes contribute to 

novelty assessment. The activity pattern of neurons within these regions, by altering 

their firing rate (greater for novel stimuli and less for familiar stimuli), may provide the 

mechanism which signals whether incoming information is novel or familiar. Other 

novelty activations observed here were not obsewed in the original meta-analysis. 

and only selectively observed in the individual studies. These included the medial 

and superior frontal novelty activations, as well as the right hippocampal novelty 

activation. This discrepancy could have arisen due to chance activations within the 

present study or insufficient statisticat power in the individual studies of the meta- 

analysis - each individual study consisted of only 1 1 or 12 subjects. whereas the 

current multi-study analysis was conducted on data collected from 58 individual 

su bjects. 

One notable novelty activation occurred in the right hippocampal 1 

parahippocampal region. Several other researchers have also examined the 

involvement of the hippocampal formation during novelty assessment. For example, 

Stem et al. (1 996) observed greater hippocampal activation when subjects encoded 

new pictures than when they encoded a single picture repeatedly. Similarly, Dolan 

and Fletcher (1 997) found greater hippocampal activations when both mernbers of 

category-exemplar word pairs were new than when either the category or exemplar 

or both had been previously presented to subjects. Kopelman et al. (1 998) also 

observed greater hippocampal and parahippocampal activation. amongst other 



regions, during encoding of novel words when compared to encoding of familiar 

words. Finally, Martin et al. (1997) found greater right hippocarnpal activation when 

a task was being performed for the first time (novel) than when it was being 

performed for the second time (farniliar), even though the stimuli differed between 

the first and second trial of the task. This study is important because it suggests that 

novelty assessment is not only observed for specific stimuli. bu? can ako be 

observed for a specific task, even if stimuli dfler belween repeated tdals of the task 

(Martin, 1999). Human event related potential (ERP) studies with hippocampal 

patients further supports the involvement of the hippocampal formation during 

novelty assessment. Knight (1 996; 1998) obsetved that patients with hippocampal 

damage do not show the P3a evoked potential, a signature of novelty assessment. 

These results support Tulving et a1.k (1994) hypothesis that regions of the extended 

Papez circuit, including the hippocampus, play a central role in novelty assessrnent. 

In addition to novelty activations, familiarity activations were also observed - 

brain regions whose activity is greater during recognition of familiar stimuli than new 

stimuli. Familiarity activations occurred in left middle frontal gyrus, inferior parietal 

lobule, cuneus, and superior occipital gyrus. Typically, left prefrontal activations are 

associated with semantic encoding tasks (Shallice, Fletcher, Frith, Grasby , 

Frackowiak, 8 Dolan, 1994; Kapur, Rose, Liddle, Zipursky, Brown, Stuss. Houle, & 

Tulving , 1 994), and according to the hemispheric encodinglretrieval asymmetry 

(HERA) model (Tulving, Kapur, Craik, Moscovitch, & Houle, 1994), more involved in 

sernantic retrieval and episodic encoding than the right prefrontal cortex. Thus, it 

was somewhat surprising to observe activations within this region during recognition 



of old information cornpared to recognition of new information. Schacter, Alpert, 

Savage, Rauch, and Albert (1 996) observed retrieval activations (-31 43 8) within 

12mm of this left prefrontal region (40 44 20) by comparing cued recall of non- 

sernantically encoded words (low recall) to cued recall of semantically encoded 

words (high recall). These authors suggested that this region plays a role in retrieval 

effort - that is, when retrieval is difficult because of the manner in which items were 

encoded, this region is activated. The actual function this region serves during more 

difficult retrieval was not specified, but could include cognitive functions such as 

searching through rnemory, generating possible responses, etc. 

A recent multi-study analysis of episodic retrieval mode (Lepage et al., 2000) 

can shed light on these familiarity findings. These authors observed that the 

preferentially right hemisphered retrieval cornponent of the H E M  pattern can almost 

entirely be explained in terms of retrieval mode, a neurocognitive set "in which one 

mentally holds in the background of focal attention a segment of one's penonal 

past, treats incoming and on-line information as "retrieval cues" for particlilar events 

in the past, refrains from task-irrelevant processing, and becomes consciously aware 

of the product of successful ecphory, should it occur, as a rernembered event." (p 

506). When retrieval mode is held constant between conditions, as is the case in 

the comparison between recognition of novel and familiar items in the present multi- 

study analysis, the authors suggest that no HERA-like prefrontal asymmetries 

remain. If this hypothesis is correct, it suggests that interpretation of the present 

novelty and farniliarity activations within the HERA framework may not be valid, and 

hence, the left prefrontal farniliarity activations not surprising. Indeed, Lepage et al. 



(2000) identified left hemispheric prefrontal activations when recognition of new 

information was subtracted from recognition of old information, this subtraction 

representing the univariate analogue of LV2 in the present multi-study PLS analysis. 

Similarly, Henson, Rugg, Shallice, Josephs, and Dolan (1 999) observed left 

prefrontal activations when comparing recognition of previously studied words with 

recognition of new words. 

Two other familiarity activations, the inferior parietal lobule and superior 

occipital gyrus, have been noted in several previous PET studies of memory, mainly 

in studies of object or face recognition (Moscovitch, Kapur, Kohler, 8 Houle, 1995; 

Grady, Mclntosh, Horwitz, Maisog, Ungerleider, Mentis, Pietrini, Schapiro, & Haxby, 

1995; Mclntosh et al., 1996; Haxby, Ungerleider, Honivitz, Maisog , Rapoport, 8 

Grady, 1996; Owen, Milner, Petrides, 8 Evans, 1996). This observation may 

suggest that familiarity activations in these posterior regions may have been rnainly 

driven by the studies examining non-verbal recognition. 

In the past, what has been referred to here as novelty activations has 

sometimes been interpreted as reflecting the neural mechanisms underlying 

perceptual priming (Squire et al., 1992; Tulving et al., 1964). Furthemore, recently 

several studies have examined the neural mechanisms underlying conceptual 

priming using paradigms, that here, would be classified as measuring novelty 

assessment (Demb et al., 1995; Wagner, Desmond, Demb, Glover, 8 Gabrieli, 1997; 

Buckner, Goodman, Burock, Rotte, Koutstaal, Schacter, Rosen, & Dale, t 998). This 

confusing state of affairs has arisen because tasks used to examine the neural basis 

of prirning and those used to examine the neural basis of novelty assessment share 



a fundamental experimental manipulation: stimulus repetition. In both types of tasks, 

stimuli need to be repeated, either to create primed stimuli in priming paradigms, or 

to create familiar stimuli in novelty assessment paradigms. Therefore, do the 

observed activations in priming and novelty assessment paradig ms reflect the neural 

mechanisms underlying priming or novelty assessrnent? For the time being, it is 

safest to suggest that activations observed in either paradigm likely reflet3 the 

impact of stimulus repetition on neural processing. The relationship between 

stimulus repetition on the one hand, and the concepts of novelty assessment and 

priming on the other, needs to be carefully thought about and clarified in the future. 

The fact that a common novelty assessrnent pattern existed across four of the 

five experiments included in the multi-study analysis is remarkable. It suggests that 

a general novelty assessment system that is independent of modality. material. and 

task may operate within the brain. The exception was a study which examined 

recognition of new, non-semantically encoded, and sernantically encoded words. 

One key difference between this study and the remaining four studies was that, 

whereas in the other four studies, study and test stimuli were presented in the same 

sensory modality (visual - visual I auditory - auditory), in this study, there was a shift 

in the sensory modality from study (auditory) to test (visual). The fact that the 

common trans-modal novelty activations revealed by the multi-study analysis did not 

include contributions from the Cross-Modality study suggests that the novelty status 

of a particular item does not transfer to its representation in a different sensory 

modality (Le. after hearing a word, the visual fom of it will not be assessed as 

familiar). That is, the novelty activations in the present multi-study analysis are 



trans-modal but format-specific - these regions show greater activation when novel 

information is encountered than when familiar information is encountered regardless 

of the sensory modality (auditory / visual), but the initial and repeated presentations 

of the stimulus must have the same physical format. 

To determine whether novelty activations were also present in the Cross- 

Modality study. this study was examined separately using the same PLS statistical 

procedure as in the multi-study analysis. A latent variable was observed which 

distinguished recognition of new words from recognition of non-semantically 

encoded words. Thus within this study, novelty activations were also present. 

These regions, the foci of which are presented in Table 6 and the activations in 

Figure 5, included left cerebellum, bilateral occipital regions (BA 18 1 19). left rniddle 

(BA 21) and bilateral superior (BA 22) temporal gyri, and the cingulate gyrus (BA 24 

1 29). This pattern is different than the novelty activations observed when the 

stimulus format is conserved between initial and subsequent presentations (revealed 

by the multi-study analysis). This finding, in conjunction with the findings of Martin et 

al. (1 997; 1999) who showed novelty assessment at the level of a task, even when 

the stimuli differed between the repeated trials of the task, suggests that novelty 

assessment may occur at many different levels. There are stimulus-specific novelty 

circuits, as for example shown by activation of the extended Papez circuit in the 

picture recognition study (Tulving et al., 1994). There are also trans-modal but 

format-specific novelty circuits as shown by the meta-analysis and the cuvent 

novelty multi-study analysis. There are novelty assessment circuits whose activity is 

sensitive to novelty at the level of meaning but not physical format - for example 



hearing the word APPLE and later seeing the word APPLE. Finally, thete are 

novelty circuits operating at the level of task novelty (Martin, 1999). 

These observations suggest that novelty is not a unitary phenornenon; there 

are rnany kinds of novelty and each appears to have a neural systern dedicated to 

its processing (Martin, 1999). Of interest then, is the relationship amongst these 

systems. At fint glance. it appears that these systems are crganized hierarchically, 

from stimulus-specific, to trans-modal, to meaning-based . to task-specific. I ndeed , 

Tulving et al. (1 996) hypothesized that the output from stimulus-specific novelty 

systems serves as input into trans-modal systems. Whether this hierarchical 

organization accurately depicts the relationship amongst the various novelty 

assessrnent systems, or whether the systems are organized in parallel is not known 

at the moment and left as an important question to be addressed by future studies. 

In conclusion, the results of the present multi-study analysis suggest that 

recognition of new items relies on a different set of brain structures than recognition 

of previously encountered items. These activations may reflect the operations of a 

novelty assessment brain system. The results of the present multi-study analysis 

constrain previous ideas about novelty assessment by suggesting that in addition to 

stimulus-specific novelty systems, a trans-modal but format-specific novelty system 

may also operate within the brain. The finding that the Cross-Modality study did not 

fit into the common pattern revealed by the multi-study analysis, yet novelty 

activations were observed in that study, provide evidence for a meaning-based 

novelty-assessment system. Finally , previous research (Martin et al., 1 997; Martin, 

1999) suggests that noveity assessrnent may operate across tasks even if the 



stimuli differ between the initial and repeated trials of the task. The relationship 

amongst these different novelty assessment systems is not known at the present but 

potential candidates inctuding a parallel organization or a hierarchical organization, 

from stimulus-specific, to trans-modal but format-specific, to meaning-based, to task- 

oriented. The hippocampal formation appears to play a large part in novelty 

assessment. being observed during stimulus-specific, trans-modal, and task-based 

novelty assessment processes. These different novelty systems interact to provide 

the organism detailed information about its current environment, allowing it to 

respond accordingly to novel and familiar circumstances. 



Novelty Detection During Encoding of Visual and Auditory Words 

Introduction 

Based upon the assumption that recognition of new infomation compared to 

recognition of familiar infomation reveals the neural mechanisms underlying novelty 

assessment, perhaps the most important conciusion of the previous multi-study 

analysis was the discovery that different foms of novelty assessrnent may be 

operating within the brain. Specifically, it was demonstrated that different novelty 

assessment systems exist whose functions are to assess stimulus-specific novelty, 

trans-modal but format-specific novelty, meaning-based novelty, and task-related 

novelty. Several of these novelty assessment systems implicate the medial 

temporal and hippocampal regions of the brain. 

The multi-study analysis examined an explicit f o n  of novelty assessment - to 

meet the demands of the recognition task, subjects were explicitly required to 

determine whether each test item was novel or farniliar. Novelty assessment can 

also be implicit, automatically operating in the "background" as information enters 

the system. Tulving et al.'s (1 994; 1996) conceptuakation of novelty assessment 

as an early filter fits this view. These authors hypothesized that novelty assessment 

would serve as an eariy filter to ensure that only novel information would be passed 

on for subsequent processing and eventual storage in the organisrns long-term 

memory. Whether explicit and implicit novelty assessment rely on the same neural 

mechanisrn, or whether each is associated with a different neural systems is not 



known. One goal of this experiment, in conjunction with the previous multi-study 

analysis, will be to clarify this relationship. 

The previously reviewed functional neuroimaging studies of novelty 

assessment can be divided based on this distinction between implicit and explicit 

novelty assessment. Studies which have examined implicit novelty assessment 

include Stern et al. (1 W6), Gabrieli et al. (1 997), and Dolan and Fletcher (1 997). 

Stern et al. examined encoding of pictures to encoding of a single picture repeatedly. 

Gabrieli et al. used a similar paradigm to examine picture encoding as well. Dolan 

and Fletcher examined encoding of category - exemplar word pairs which consisted 

of either both items being new, both items being old. or the category or exemplar 

being old and the other new. Interestingly, al1 three studies observed greater 

hippocampal activation in the novel encoding condition compared to the familiar 

encoding condition. This finding is even more remarkable given the fact that the 

experimental paradigms greatly differed from each other as did the stimuli. 

Studies which have examined explicit novelty assessrnent include Tulving et 

al. (1 994; 1 994) including their follow-up rneta-analysis (Tulving et al., 1 W6), Rugg 

et al. (1 996). and Düzel et al. (Düzel et al., 1999). Tulving et al. (1 994) examined 

recognition of new and old auditorily presented sentences. Tulving et al. (1 994) 

examined recognition of new and old sœnic pictures. Rugg et al. exarnined 

recognition of new and old words. Düzel et al. also examined recognition of new 

and old words. Unlike studies of implicit novelty assessment, no consistent MTL 

novelty activations were observed across these studies of explicit novelty 

assessment. Two studies (Tulving et al., 1994; Düzel et al., 1999) observed MTL 



activations during recognition of novel stimuli and two others did not (Tulving et al., 

1994; Rugg et al., 1996). Common novelty activations outside the MTL were 

observed in more lateral temporal regions. 

Studies of multi-trial learning, such as those by Raichle et al. (1994), Berns et 

al. (Berns, Cohen, & Mintun, 1 997), Petersson et al. (Petersson et al., 1 997), 

Kopelman et a!. (Kopelman et al., 1 %8), Van Horn et al. (1 998), and Martin et al. 

(1 997), provide insights into the neural rnechanisrns underlying implicit novelty 

assessrnent. This is because in these paradigms, the goal is not to attend to or 

make a decision about whether information is novel or familiar. Rather, subjects 

simply have to learn some information or a task over rnany trials irrespective of the 

prior history of that information. In these paradigms, novelty activations are revealed 

when blood flow following practiced task performance (when the information is 

familiar) is subtracted from blood fiow following naive task performance (when the 

information is novel) . Unlike the earlier studies of implicit novelty assessment. 

consistent MTL and hippocampal activations were not observed amongst studies 

which measured implicit novelty assessment in the context of multi-trial learning. In 

fact, some studies observed implicit novelty assessment related MTL activations 

(Martin et al.. 1997; Petenson et al., 1997; Kopelman et al., 1998) while othen did 

not (Raichle et al.. 1994; Berns et al., 1997; Van Horn et al., 1998). 

Studies of conœptual priming also evaluate the neural mechanisms of implicit 

novelty assessment. This is because the goal of the task is something ottier than 

deterrnining whether the test items are novel. Two studies of conceptual priming 

from Gabrieli's group (1 995; 1997) and one by Buckner et al. (1998) have all 



revealed decreased activation in left prefrontal cortex in the primed (familiar) 

condition compared to the unprimed (novel) condition. However because the early 

functional MRI technique used by Gabrieli's lab did not provide a rnap of the entire 

brain. it is not known whether novelty activations were observed in other regions. 

The study by Buckner et al. (1998) did scan the entire brain during conceptual object 

priming. These authors mainly observed decreased blood flow during the primed 

(familiar) condition in extrastriate and fusifon structures. Novelty activations were 

not observed in MTL structures. 

The studies of implicit and explicit novelty assessment paint a complicated 

picture of the brain systems involved. Do irnplicit and explicit novelty assessment 

share one underlying neural mechanism? Explicit novelty assessrnent is measured 

on tasks whose main purpose is to assess novelty in some form -for example, 

episodic recognition memory. A reasonable hypothesis, supported by previous 

research including the present multi-study analysis. is that explicit novelty 

assessment is rnediated by a dedicated interacting group of brain regions. 

Experimental paradigms of implicit novelty assessrnent differ from those of explicit 

novelty assessment. Since implicit novelty assessrnent has been hypothesized to 

be an early filtering rnechanism (Tulving et al., 1994; Tulving et al., 1 W6), it would 

presumably operate while information is being processed for some purpose other 

than novelty assessment (Le. reading, attending, encoding, etc.). That is, while 

information is being processed by the brain, an automatic decision is made by the 

implicit novehy assessment mechanism about whether it is novel or familiar. In this 

sense, implicit novelty assessment is not the main goal of information processing but 



rather a side effect. Based on this perspective, it could be argued that activations 

observed during tasks which examine implicit novelty assessment reflect, in 

actuality, the processes required by that task and not the mechanisms underlying 

implicit novelty assessment. If this is true, how can implicit novelty assessment be 

studied? 

One possibility is that brain activity related to implicit novelty assessment 

interacts with brain activity related to the task subjects are engaged in. This idea 

can be tested experimentally. Consider the study by Dolan 8 Fletcher (1997). 

These authors manipulated two factors in their study: the semantic relationship 

between the category and the exernplar and the novelty of the items. Subjects could 

study either category exemplar pairs which they had studied before or new category 

exernplar pairs - in both instances, the relationship between the category and 

exemplar was either new or maintained. In Wo other conditions, either the category 

or exemplar was changed from one previously studied to a new one while the other 

item of the pair (category or exemplar) was maintained. Thus, in these two scans. 

subjects were required to unlearn old associations and learn new associations 

between the category and exemplar word pairs while the novelty of the pairs was 

held constant (one new and one old item). Thus item novelty (novel I familiar) was 

crossed with the relationship of the category item to its exemplar (maintained I 

changed). Because the experimental design is a 2 x 2 factorial, a test of all the 

possible sources of variance (two main effects and the 2 - way interaction) would 

address the idea that implicit novelty interacts with task-specific brain activations. 

Unfortunately, Dolan & Fletcher (1997) only presented the main effect contrasts and 



not the critical 2 - way interaction. One of the goals of the current study is to explore 

the neural mechanisms underly ing implicit novelty assessment. 

A second goal of is to test a prediction stemrning from the noveltylencoding 

hypothesis proposed by Tulving et al. (1 994; 1996). This hypothesis states that 

long-term storage of incoming information depends upon its novelty. If information is 

determined to be novel, it is passed on for further encoding. increasing the likelihood 

that it will be stored in long-terni rnemory. The brain systems underlying the 

components of the noveltylencoding hypothesis, namely novelty assessment and 

encoding , are represented by different parts of the brain. The limbidinsularltemporal 

regions of the brain perform novelty-assessrnent on incoming information and the 

output, if deemed novel, is foiwarded to the left prefrontal cortex of the brain for 

subsequent encoding. Thus processing of incoming information for long-term 

storage consists of two separate components: novelty assessment and meaning- 

based encoding. The novelty/encoding hypothesis makes the further prediction that 

the activity of these two components are independent and additive. That is, holding 

one constant, the successful storage of information depends entirely on the other 

component. The second goal of this study is to examine whether the two 

components of the noveltylencoding hypothesis, novelty assessment and meaning- 

based encoding, operate independently of one another. 

These two goals, assessing whether implicit novelty assessment modulates 

task-specific activations and examining the independence of novelty-assessment 

processes from meaning-based encoding processes, are in fact related. That is 

because noveity assessment and meaning-based encoding will each be associated 



with a different systern of brain structures if these processes are indeed independent 

of each other, as predicted by the novelty I encoding hypothesis. On the other hand, 

if implicit novelty assessment is not associated with a system of brain structures but 

rather modulates task-specific activity, then it will likely not be independent of 

meaning-based encoding processes; rather the two will likely interact with the 

novelty assessment processes rnodulating the meaning based activations. 

To address these h o  experimental goals, encoding of auditorily and visually 

presented words was studied. Half of the words were encoded under semantic 

encoding instructions whereas the other half were encoded under non-semantic 

encoding instructions. Of each group of words, half were words the subject had 

encountered at an earlier point during the experiment whereas the other half were 

contextually novel words - words that the subject had not encountered before du ring 

the context of the experiment. Thus, three independent variables were manipulated 

in this experiment: sensory modality (visual 1 auditory), encoding instructions 

(semantic I non-semantic), and stimulus history (novel I familiar). At no point during 

the experiment were subjects alerted to the experimental histories of the words nor 

required to make any decisions about them. 

The data were analyzed by the method of partial least squares (PLS). PLS is 

a multivariate, data-driven analytic tool which extracts spatial patterns of brain 

activity that are optimally associated, as a whole, with aspects of the experimental 

design (see page 52). Because the goal of this study was to identify brain systems 

involved in implicit novelty assessment and not individual brain structures, PLS was 

the appropriate analysis method. PLS has the addeâ advantage that it identifies the 



rnost salient sources of variance within the data rather than relying on a priori 

experimenter based hypotheses which may or may not be represented within the 

data. The novelty/encoding hypothesis would be confimed if stimulus history and 

encoding instructions are represented in different latent variables - that is, stimulus 

history and encoding instructions are independent of each other. Alternatively, an 

interaction between stimulus history and encoding instructions would contradict the 

predictions of the noveltyîencoding hypothesis. This interaction would also support 

the notion that brain mechanisrns underlying irnplicit novelty assessment are 

revealed through their interactions with task-specific brain systems. 

Methods 

Subjects 

Eig ht rig ht-handed male and eight rig ht-handed female subjects between the 

ages of 18 and 35 participated in the experiment. Each subject was paid $80. The 

study was approved by the ethics cornmittee of Baycrest Centre for Geriatric Care, 

University of Toronto. 

A total of 480 five to eight letter English words was used. The minimum word 

frequency was 1 word per million and the maximum word frequency was 324 words 

per million (Kucera & Francis, 1967). The mean frequency was 25.7. The words 

were divided into 16 lists of 30 words each. Half of the words were assigned to an 

auditory condition and the other half to the visual condition. For the auditory 

condition, the words were digitized in a female voice on a personal cornputer. 



Design 

The experiment employed a 2 x 2 x 2 design. Modality of presentation 

(auditorylvisual), levels of processing (semantic/physical), and novelty of material 

(novellfamiliar) were manipulated within-subjects. 

Experimental Procedure 

Prior to scanning subjects were pre-familiarized with a set of 240 words, 120 

of which were presented visually and the remaining 120 were presented auditorily. 

During the experiment, these words would serve in the familiar list. Subjects were 

instructed to read or listen to the list of words and try to learn them for a later 

memory test. Auditory words were presented over speakers connected to a 

computer. Visual words were presented on a computer monitor suspended over the 

scanning bed. Words were presented at a rate of 1 .S second per item. lmmediately 

following the learning phase, subjects were presented with a recognition test. The 

recognition test contained only target items from the previous study phase. Subjects 

were not informeci of this. and were merely instructed to decide whether they had 

seen each word. Subjects entered their response by pressing one of two buttons on 

a computer mouse. The test phase was self-paced. Following pre-familiarization in 

both modalities, the study phase began. 

Prior to injection of the tracer, subjects were presented with the instructions 

for the upcoming scan. Depending on which experimental condition was being 

scanned, subjects were infonned that they would either see or hear a list of words, 

and that they were to either make livinghon-living decisions (semantic condition) 

about each word or decide whether each word began wlh a vowel (physical 



condition). Words from the pre-familiarization phase were used in half the scans 

(familiar condition), whereas non-studied words were used in the remaining scans 

(novel condition). At the tirne of injection of the radio-tracer (30 seconds before 

recording started), the task was initiated. Subjects either heard the words over 

speakers connected to a computer or saw them on a computer screen suspended 

over the scanning bed. Words were presented at a rate of 4 seconds per item. 

Responses were made using a two button mouse. The task continued for 

approximately 30 seconds after the end of the 1 minute scan. 

lmmediately after the study phase, subjects participated in a recognition test 

for the words they had just studied. They were infonned that they would either see 

or hear a list of words and for each word they would have to decide if they had seen 

or heard it in the immediately preceding study list. They were further instructed only 

to Say 'yes' if the word appeared in the immediately preceding list. For the novel 

conditions, the recognition test distractors were new words. For the familiar 

conditions, the recognition test distractors were taken from the pre-familiarization 

phase. Subjects entered their response using a computer mouse. The recognition 

test was self-paced. This procedure was repeated following each of the eight scans. 

Statistical Procedure 

Blood flow was rneasured with a ScanditronixIGEMS PC 2048-158 PET 

Scanner using '50-water and 60 s data acquisition scans. Head rnovement was 

minimized with a custom-fittd thennoplastic face mask. In each study, al1 subjects' 

blood flow images were aligned to their first image. spatially transfonned into the 

standard stereotaxic atlas spaœ of Talairach and Toumow (Talairach & Toumoux. 



1988), and smoothed using a 10 mm isotropic Gaussian filter using Statistical 

Parametric Mapping software [SPM95, Wellcome Department of Cognitive Neurology, 

London (Friston et al., 1995)l. Statistical analysis was performed using PLS (Mclntosh 

et al., 1 996). To test the statistical significance of each latent variable, the l? obtained 

from a multiple regression analysis using the contrast vectors and brain scores as 

predictor and dependent variable was examined. From the values, the extent to 

which the variability in brain scores is related to the design contrasts for each latent 

variable was detenined. The significance of each @ was the assessed with a 

permutation test (Edgington, 1980). which involved randomly reassigning the data for 

each subject to a different task condition, and for each reordering, computing a new 

PLS. Following each PLS, a multiple regression analysis was performed on the 

penuted brain scores and the design contrasts, and the significanœ of the @ 

obtained from Our actual data was calibrated against the distribution of RZ's arising 

from 500 permutations (Mclntosh et al., 1996; Jennings, Mclntosh, Kapur, Tulving, 8 

Houle, 1997). The reliability of activations within the significant latent variables was 

assessed by means of a bootstrapping procedure. The statistical threshold for the 

assessment of latent variable significance and activation reliability was set to p q 0.05 

two-tailed. Post-hoc contrasts were perfomed by correlating vecton representing 

contrasts of interest wlh averaged brain scores within each condition from each of the 

latent variables. The significance of the correlation coefficient was assessed by means 

of a permutation test. This post-hoc analysis provides an empirical method to 

determine whether an effect of interest is present within the covariance pattern of a 

latent variable. 



Results 

Behavioral 

Post-scan recognition scores (hits, false alarms , and corrected recognition) 

for each condition are shown in Table 7. It can be seen from the corrected 

recognition scores that semantic processing resulted in better recognition memory 

than non-semantic processing in al! experimental conditions. Similarly, recognition 

of novel items was superior to recognition of familiar items in al1 experimental 

conditions. These data were subjected to a 2 x 2 x 2 (modality x levels of 

processing x history) repeated-measures analysis of variance. The ANOVA 

revealed main effects for al1 three independent variables. The main effect of 

presentation modality was significant, F(1, 15) = 8.23 (MSe = 0.01 5); subjects 

recognition performance was better for auditorily (0.74) presented words than 

visually (0.67) presented words. The main effect of prior history was also significant, 

F(1, 15) = 28.23 (MSe = 0.01 1); subjects more accurately recognized novel items 

(0.75) than those previously encountered (0.66). Finally, the main effect of levels of 

processing was also significant. F(1, 15) = 49.50 (MSe = 0.043); subjects more 

accurately recognized words after semantic encoding (0.83) than after non-semantic 

encod ing (0.58). Only one other effect, the No-way interaction between 

presentation modality and levek of processing, reached significance, F(1, 15) = 8.50 

(MSe = 0.0092). This interaction was due to the larger difference in recognition 

performance between semantic and non-semantic encoding in the visual modality 

(semantic = 0.83, non-sernantic = 0.52; differenœ = 0.31) than in the auditory 

modality (semantic = 0.84, non-semantic = 0.63; difference = 0.21). 



PET 

The PLS analysis revealed three significant latent variables. Figure 6 

displays the results of LV1. Shown on the left are positive and negative saliences 

whose bootstrapped values were greater than 1.96. On the right is a plot of the 

brain scores as a function of the experimental conditions. As is evident from the 

plot, LV1 distinguished encoding conditions in which the stimuli were presented 

visually from encoding conditions in which the stimuli were presented auditorily. 

Yellow regions mark areas whose saliences positively correlate with this pattern and 

red regions mark areas whose saliences negatively correlate with this pattern. Thus, 

yellow regions are those whose activity was greater during auditory processing and 

less during visual processing, whereas red regions are those whose activity was 

greater during visual processing and less during auditory processing. Regions with 

positive saliences include bilateral superior temporal gyrus (BA 22). right inferior 

frontal gynis (BA 46 147), cingulate gyrus (BA 24 1 31), medial frontal gyrus (BA 24), 

and the precuneus (BA 31 / 7). Talairach and Tournoux (1988) coordinates for foci 

greater than 20 contiguous voxels are presented in Table 8. Regions with negative 

saliences include left fusiform (BA 18 120) gyrus, right middle temporal gyrus (BA 

37), midline lingual gyrus (BA 17), left thalamus, right basal ganglia including the 

caudate nucleus and medial globus pallidus, brainstern, rectus gyrus (BA 1 l), 

superior frontal gyrus (BA 1 O), and the left hippocampus. Coordinates for activation 

foci greater than 20 contiguous voxels are also presented in Table 8. 

The results of LV2 are shown in Figure 7. From the plot of brain scores 

versus experimental conditions, it is evident that this latent variable distinguishes the 



sernantic encoding conditions from the non-semantic encoding conditions. Once 

again, the yellow regions are those whose saliences correlate positively with this 

pattern and the red regions are those whose saliences correlate negatively. Thus, 

yellow regions are those whose activity is greater during semantic encoding and less 

during non-semantic encoding, whereas red regions are those whose activity is 

greater during non-semantic encoding and less during semantic encoding. Regions 

with positive saliences include left middle frontal gyrus (BA 46), right inferior and 

middle frontal gyrus (BA 45 146), anterior cingulate (BA 32). left inferior temporal 

gyrus (BA 20), left lingual gyrus (BA 18), left putamen. and brainstem. Talairach and 

Tournoux (1 988) coordinates for foci greater than 20 contiguous voxels are 

presented in Table 9. Regions with negative saliences include bilateral medial 

temporal lobe regions: left parahippocarnpal gyrus (BA 36) and rig ht entorhinal 

cortex (BA 28), right lingual (BA 19). middle occipital (BA 19) and middle temporal 

(BA 21) gyri, left middle (BA 19 137) and superior (BA 22) temporal gyri, left 

cerebellum, right nucleus accumbens, right insula, left putamen. right thalamus, 

medial frontal gyrus (BA 9), anterior cingulate (BA 24 1 33), left middle frontal gyrus 

(BA 8), right precuneus, and left paracentral lobule. Coordinates of regions with 

negative saliences greater than 20 contiguous voxels are presented in Table 9. 

The results of LV3 are shown in Figure 8. The plot of the brain scores does 

not reveal a clearly discernible pattern as in the previous tw latent variables. Thus, 

this latent variable likely represents an interaction in the covariance between the 

three experimental conditions and blood fiow. By inspecting the plot of brain scores 

versus experimental conditions. it can be seen that the largest positive standardized 



brain score occurs in the novel visual deep condition, whereas the largest 

standardized negative brain score occurs in the familiar visual deep condition. In the 

auditory condition there is also a distinction between encoding of novel information 

and encoding of familiar information, this time between the novel auditory shallow 

condition and the familiar auditory deep condition. 

The distinction between encoding of novel and familiar words in the visual 

and auditory modalities led to the testing of various post-hoc contrasts. The 

contrasts, correlation coefficients with the brain scores, and probabilities as 

assessed by permutation test are presented in Table 11. The first contrast tested for 

the main effect of stimulus history (novel 1 familiar). The second and third examined 

the effects of stimulus history separately for semantic and non-semantic processing. 

The fourth and fifth examined the effects of stimulus history separately for visual and 

auditory processing. The sixth through the ninth contrasts tested for the effects of 

stimulus history at each combination of the other two experimental variables 

(modality x LOP). Two of the nine contrasts reached significance. The first contrast 

compared semantic encoding of visual novel words to semantic encoding of visual 

familiar words (r = 0.84; p = 0.01). The second contrast compared semantic 

encoding of novel words to semantic encoding of familiar words (r = 0.69; p = 0.06). 

These post-hoc contrasts suggest that a major contributor to the covariance 

represented in LV3 is the distinction between novel and familiar words during the 

semantic encoding condition. The effect is more strongly represented in the visual 

sensory modality than in the auditory sensory modality. This is demonstrated in a 

plot of the brain scores from the four visual conditions as a function of the levels of 



processing and the prior history of the stimuli (Figure 9). Based on these results, the 

negative sa1 iences (represented in red) represent reg ions w hose activity is g reater 

during semantic encoding of novel words and lower during semantic encoding of 

farniliar words, whereas the positive saliences (represented in yellow) represent 

regions whose activity is greater during sernantic encoding of familiar words and 

lower duhg  semantic encoding of novel words. In addition to the strong effect in 

the sernantic encoding condition, the graphs in Figures 8 and 9 indicate that there is 

a small decrernent in activity during non-semantic encoding when the information is 

familiar compared to novel for regions with positive salience and the opposite effect 

for regions with negative salience. 

Regions with positive saliences include bilateral lingual gyri (BA 18), left 

inferior and middle temporal gyri (19 1 21 1 22 1 37 1 39), the precuneus (BA 7), 

anterior and posterior cingulate (BA 24 1 32), and left inferior frontal gyrus (BA 47). 

Regions with negative saliences include left cerebellum, bilateral middle temporal 

gyrus (BA 21), right middle occipital (BA 19) and fusiforni (BA 20 137) gyri, right 

frontal gyrus (BA IO),  left insula, left postcentral gyrus (BA 40 1 43), and anterior 

cingulate (BA 32). Talairach and Toumoux (1988) coordinates for foci of positive and 

negative saliences greater than 20 contiguous voxels are presented in Table 10. 

Discussion 

The purpose of this experiment was to examine the influence novel and 

familiar information has on semantic and non-semantic encoding. To accomplish 

this, subjects were required to semantically and non-semantically encode visually 

and auditorily presented words. Half of these words were experimentally novel, 



whereas the other half had been exposed to the subjects prior to the beginning of 

the PET scans. The data were analyzed with the rnultivariate technique of partial 

least squares. The analysis yielded three significant latent variables. LV1 

distinguished visual encoding from auditory encoding. LV2 distinguished semantic 

processing from non-semantic processing. LV3, which will be the main focus of the 

discussion, revealed a three-way interaction between sensory modality, levels of 

processing, and stimulus history. This three-way interaction was rnainly due to the 

modulation of blood flow measured during semantic processing of visually presented 

information by stimulus history. Associated with each latent variable was a pattern 

of positive and negative saliences identifying brain regions which express the 

experimental effects present in that latent variable. 

Before discussing the present results, it is important to draw attention to a 

problem which arises in the analysis of any functional neuroimaging dataset. In the 

present study, PLS revealed brain regions with positive and negative saliences. 

Brain regions with positive saliences correlate positively with the pattern of brain 

scores across the experimental conditions, whereas brain regions with negative 

saliences correlate negatively with the pattern of brain scores across the 

experimental conditions. To illustrate the problem, consider LVI in the present 

analysis. In this analysis, occipital brain regions had negative saliences whereas 

superior temporal brain structures had positive saliences. This pattern of brain 

scores disting uished visual encod ing , which are associated with negative brain 

scores, from auditory encoding conditions which are associated with positive brain 

scores. Thus superior temporal brain structures (positive saliences) either reflected 



greater activation during auditory encoding (positive brain scores) or lesser 

activation during visual encoding (negative brain scores). That is, it is ambiguous 

whether the positive saliences in the auditory cortex reflected increases in blood flow 

during auditory processing or decreases in blood flow during visual processing. 

Similarly, occipital brain structures (negative saliences) either reflected greater 

activation during visual encoding (negative brain scores) or lesser activation during 

auditory encoding (positive brain scores). That is. it is arnbiguous whether the 

negative saliences in the visual cortex refiected increases in blood flow during visual 

processing or decreases in blood flow during auditory processing. This issue can be 

resolved either by the use of a common baseline for cornparison or on the basis of 

theoretical arguments. In the present case, based on an understanding of brain 

specialization, it is reasonable to conclude that occipital structures were active 

during visual processing and not inhibited during auditory processing. Sirnilarly. it is 

reasonable to conclude that superior temporal structures were active during auditory 

processing and not inhibited during visual processing. 

In the present case, because a common baseline was not available and a 

priori theoretical ideas regarding the functional neuroanatomy of novelty assessment 

are scarce, the approach adopted here is to consider only regions of activations at 

the expense of ignoring reg ions of deactivations. In LVI , reg ions with positive 

saliences will be interpreted as refiecting activations during auditory encoding (and 

not deactivations du ring visual encoding), whereas reg ions with negative saliences 

will be interpreted as reflecting activations during visual encoding (and not 

deactivations d unng auditory encoding). Studies using the subtracüon technique 



have also typicaliy reported results in ternis of activations at the expense of 

deactivations. By adopting this approach, the aim is not to imply that activations are 

more important than deactivations with respect to brain function. Rather, the 

orientation towards activations is adopted merely for the pragmatic reasons of 

interpretability of the data; without it, it would be impossible to determine what 

processes or tasks the brain activity was related to. 

Acknowledging this orientation towards activations, regions of greater blood 

flow during visual processing included mainly extrastriate regions extending into 

inferior lateral temporal and fusiform gyri. This finding is highly consistent with what 

is known about brain specialization. Interestingly, it appears as though other 

components of the visual system, mainly in subcortical structures (lef: thalamus and 

brainstem), were also observed. Although localization of thalamic nuclei is beyond 

the resolution of the PET technique, it is likely that the thalamic activation may have 

arisen from the involvement of the lateral geniculate nucleus in relaying visual 

information to the cortex. Finally, activations during visual encoding were observed 

in the left hippocampus and right basal ganglia. As these observations were 

somewhat unexpected, and given the problem outlined above, interpretation of these 

activations is not easily possible; they could reflect activations during visual 

processing, deactivations during auditory processing, or both. 

Similar to the pattern of visual activations, regions of greater blood flow during 

auditory processing agree well with what is known about brain specialization. Thus 

auditory activations were observed in bilateral superior temporal regions (BA 22). In 

addition right inferior frontal and left medial frontal activations were observed. 



Finally auditory activations were observed in various extents of the cingulate gyrus 

and the precuneus. The precuneus auditory activation must be interpreted 

cautiously because this region is typically observed during visual presentation, and 

has been linked to visual imagery (Fletcher, Frith, Baker, Shallice, Frackowiak, 8 

Dolan, 1 995). 

The results of LVI, by and large, agree with what is expected and known from 

studies of brain specialization. That is, visual cortex activity is greater during visual 

encoding and auditory cortex activity is greater during auditory encoding. However. 

these results also suggest that modality specific processing rnay extend beyond 

subcortical and primary sensory structures into other parts of the cortex, specifically, 

to the frontal lobe regions. This may reflect the verbal nature of the stimuli used in 

the study. Extra-sensory structures may have been activated in order to process 

lexical and semantic aspects of words (i.e. determine whether it is a word, its 

meaning, etc.). These results are contrary to the well-accepted idea that sensory 

information converge in polymodal association cortices. lnstead these data suggest 

that modality-specific processing rnay extend to extra-sensory regions of the brain. 

Findings similar to these have been reported by Roland and Skinhoj (1981). 

These authors demonstrated activation of the prefrontal cortex, in addition to 

activation of visual sensory areas, in a task requiring forced-choice visual 

discrimination of non-verbal figures. Similarly, discrimination of tone rhythms also 

led to prefrontal activationsin addition to the expected auditory sensory cortex 

activations. Roland (1 993) concluded that ". . . activation of prefrontal areas seems 

obligatory in perception . . . That is, al1 investigations so faar in which the prefrontal 



cortex has been monitored to its full extent have shown activation of one, or usually 

several, fieM(s) within the prefrontal cortex. This does not mean that the prefrontal 

cortex is indispensable for perception." (p. 1 92). 

LV2 distinguished semantic encoding from non-semantic encoding. Because 

latent variables are orthogonal to one another. the effects represented in this latent 

variable are independent of the eflects of sensory rnodality which were present in 

the first latent variable. Once again, acknowledging the problem outlined earlier, the 

regions displaying positive saliences will be interpreted as reflecting greater 

activation during sernantic encoding whereas regions displaying negative saliences 

will be interpreted as reflecting greater activation du ring non-semantic encoding . 

The largest and most salient activation during sernantic encoding was observed in 

left middle frontal gyrus (BA 46). Activation in this region of the frontal cortex has 

repeatedly been associated with encoding operations (Ka pur, C raik, Tulving , Wilson, 

Houle, & Brown, 1994; Kapur et al., 1994; Jennings et al., 1997; Cabeza, Grady, 

Nyberg, Mclntosh, Tulving, Kapur, Jennings, Houle, & Craik, 1997; Grady, Mclntosh, 

Rajah, & Craik, 1998; Wagner, Schacter. Rotte, Koutstaal, Maril. Dale, Rosen, & 

Buckner, 1998). Right frontal lobe activations were also observed during semantic 

encoding, the activation extending from inferior frontal (BA 45) to middle frontal (BA 

46) regions. The extent and salience of this right frontal activation is considerably 

smaller than its left frontal counterpart, although it is reliable. Other foci of semantic 

encoding activations were observed in the anterior cingulate (BA 32), left putamen, 

brainstem, left inferior temporal gyrus (BA 20), and left lingual gynis (BA 1 8). 



Non-semantic encoding was associated with increased activation in many 

structures of the brain. Large and salient activations were observed in medial frontal 

gyrus (BA 9). right middle occipital (BA 19) and middle temporal (BA 21) gyri, 

precuneus, and cingulate gyrus (BA 24). Smaller activations were observed in the 

cerebellum, nucleus accurnbens, insular region, putamen and thalamus. Two 

notable non-semantic encoding related activations were located in left and right 

medial temporal lobe structures. In the left, the focus of the activity was located in 

the parahippocampal gyrus (BA 36), whereas in the rig ht. the focus of the activity 

was located in the entorhinal cortex (BA 28). Encoding related activity within MTL 

structures has been linked to subsequent successful recognition performance 

(FemBndez, Weyerts, Schrader-Bdlsche, Tendolkar, Smid, Templemann, Hinrichs, 

Scheich, Elger, Mangun, 8 Heinze, 1998; Wagner et al., 1998). Therefore, it is odd 

in the present case that MTL activity was greater in the condition which resulted in 

poorer memory performance, namely the non-semantic encoding condition. The 

replicability of this finding will require future testing. 

The results of LV3 are not as clear as those of the first two. however, it is the 

outcorne of this latent variable which addresses the main goal of this experiment - 
the distinction between implicit and explicit novelty assessrnent and the validity of 

the novelty I encoding hypothesis. LV3 represented a three-way interaction between 

sensory rnodality , levels of processing , and stimulus history . Post-hoc contrasts 

helped clarify the effed represented by this latent variable. The strongest effect was 

observed in a contrast between semantic encoding of visually presented novel 

words and semantic encoding of visually presented familiar words. The auditory 



conditions did not reliably contribute to the covariance in this latent variable. Figure 

9 shows a graph of the brain scores as a function of levels of processing and 

stimulus history in the four visual scans. Brain structures with positive saliences 

correlated positively with the pattern shown in this figure, whereas brain structures 

with negative saliences correlated negatively. The data in this graph suggest that 

brain structures with positive bain saliences are more activated during semantic 

processing of familiar words and less activated during semantic processing of novel 

words. At the same time, these structures are slightly more active during non- 

semantic processing of novel words and slightly less active during non-semantic 

processing of familiar words. Brain structures with negative salienœs correlate 

negatively with the pattern displayed in Figure 9. That is, brain structures with 

negative brain saliences are more activated during semantic processing of novel 

words and less activity during semantic proœssing of familiar words. 

Because the covariance represented in this latent variable reflects an 

interaction between the three independent variables rather than a main effect (as in 

the previous two latent variables), it exaggerates the difficulty of interpreting the 

positive and negative brain saliences. In the previous main-effect latent variables, 

positive saliences wuld reflect either the increase in activity at one level of the 

independent variable or the decrease in activity at the other level of the independent 

variable (e.g. increases during visual processing or decreases during auditory 

processing). Negative saliences would represent the opposite. The decision was 

made to focus on the activations at the expense of the deactivations. In the present 

case, however, as a result of the interaction, positive saliences can not only refled 



increased activity during semantic processing of visually presented farniliar words or 

decreased activity du ring semantic processing of visually presented novel words, but 

they can also reflect increased activity during non-semantic processing of visually 

presented novel words or decreased activity during non-semantic processing of 

visually presented familiar words. In fact. it is quite likely that activity in ragions with 

positive salience reflect some combination of a!! these possible efFects. For brain 

structures with negative saliences, the opposite interpretation is possible. 

Although the interpretation of the positive and negative saliences is harnpered 

by this ambiguity. it is also possible that it reveals something fundamental about how 

brain function is organized - namely that brain structures rnay serve different 

functions in different tasks (Mclntosh, 7998). That is. the exact same reg ion of the 

brain may be activated in two completely different tasks. Related to this is the idea 

of neural context. Mclntosh stated that "Across several different tasks, a brain area 

may show the sarne activity pattern but serve different functions because of the 

relation of that activity with other brain regions. The important factor is not that a 

particular event occurred at a particular site, but rather under what neural context 

that event occurred - in other words. what was the rest of the brain doing?" (p. 562). 

The results of LV3 from the present analysis are in agreement with the hypothesis 

that brain structures may be involved in more than one task. In these data, regions 

with positive or negative saliences were likely to be active during both the semantic 

and non-semantic encoding conditions; during each of these tasks, their activity was 

modulated by the prior history of the stimuli. Because the direction of the activity 

(activation or deactivation) for the brain regions revealed in this latent variable 



differed between semantic and non-semantic encoding as a function of stimulus 

history (rasulting in the observed interaction), it can be hypothesized that these 

structures may be perfoming different functions during each of these two tasks 

(otherwise, their activity should have been the same in both conditions). To confimi 

that the neural context of these structures changes as a function of the task they are 

involved in, the covariance between each region's rCBF and rCBF in the rest of the 

brain needs to be cornputed. If the neural context hypothesis is correct, the pattern 

of covariances for these structures would differ between the semantic and non- 

semantic encoding conditions. 

In LVl and LV2 of the present study, ragions with positive saliences were 

assumed to reflect greater activity at one level of an independent variable whereas 

regions with negative salienœs were assumed to reflect greater activity at the other 

level of the sarne independent variable. That is, a functional distinction was made 

between regions of positive salience and regions of negative salience. Because the 

present latent variable reflects an interaction and not a main effect, and in view of 

the previous discussion about the ambiguity of interpreting positive and negative 

saliences within an interaction contrast. al1 activated regions within the present latent 

variable (positive and negative saliences) will be considered together in ternis of 

brain structures sensitive to the effects of stimulus history on semantic and non- 

semantic encoding processes. Although the covariance pattern appears to be due 

mainly to activation differences in the two semantic encoding conditions (VND I 

VFD), the non-semantic encoding conditions may also contribute to the observed 

covariance pattern (as discussed above). This suggests that the activated regions 



may also participate during non-semantic encoding. The involvement of these 

structures during non-semantic encoding is less sensitive to the prior stimulus 

history of the stimuli. 

Brain structures involved in semantic processing whose activity is sensitive to 

prior stimulus history include, amongst others, bilateral prefrontal cortex (Left BA 47 

- Right BA 1 O), left inferior (BA 19 1 37) and bilateral middle temporal gyrus (Leff BA 

21 122 1 39 - Right BA 21). Interestingly, although bilateral prefrontal activations 

were observed in this latent variable, suggesting that both left and right prefrontal 

structures are involved in semantic processing and sensitive to stimulus history, the 

saliences of these two regions differed. Thus, the left prefrontal region was 

associated with a positive salience whereas the right prefrontal region was 

associated with a negative salience. Even though the interpretation of positive and 

negative saliences is ambiguous when an interaction is present, one conclusion 

which can be drawn is that the activity of these two frontal regions, both of which are 

involved in semantic processing, appean to be modulated differently by stimulus 

novelty and familiarity. If the possible influences of the non-sernantic encoding 

conditions on the saliences are discounted, then left prefrontal activity is less during 

semantic processing of novel words and increases during sernantic processing of 

familiar words. In the case of the right prefrontal region, activity is greater during 

semantic processing of novel words and decreases during sernantic processing of 

familiar words. Whatever the case may be, it is clear that these two prefrontal 

regions are differentially sensitive to stimulus history during sernantic encoding. 



Semantic Encoding Systems and the H E M  Model 

The present results are contrary to predictions derived from the HERA model. 

In the present expriment subjects were required to encode new and previously 

seen and heard words. It can be argued that more retrieval-related processing 

should occur during encoding of previously encountered words than during encoding 

of new words. This retrieval-reiated processing may refiect the voiuntary or 

involuntary re-instantiation of the initial encoding of the words or some other form of 

episodic recollection of the words. No episodic recollection should occur for the 

novel stimuli. Based on this reasoning and the HERA model, greater right prefrontal 

activity would be expected during encoding of familiar words than during encoding of 

novel words. In fact, the exact opposite was observed. If the influences of the non- 

semantic encoding conditions on the saliences of the two frontal regions are 

discounted, it can then be hypothesized that activity in the right frontal region is 

greater during semantic encoding of visually presented novel words and decreases 

during semantic encoding of visually presented familiar words whereas activity in the 

left frontal region is lower during semantic encoding of visually presented novel 

words and increases during semantic encoding of visually presented familiar words. 

How can this result be reconciled with the HERA rnodel of prefrontal function? 

First, the initial hypothesis that there is more retrieval-related activity during 

semantic encoding of familiar words than during semantic encoding of novel words 

may be incorrect. If no retrieval-related processing occurs during semantic 

encoding, then applying the H E M  model to the present results is not warranted and 

the present resuits do not speak to the validity of the H E M  model at all. On the 



other hand, if the initial hypothesis is correct, a second alternative to the 

reconciliation of the present results with the HERA model is that retrieval processes 

during semantic encoding tasks differ from retrieval processes during the type of 

episodic retrieval tasks that the HERA model is based on. Finally, if the initial 

hypothesis is correct and retrieval processes during encoding and retrieval tasks do 

not differ, then these results, as well as the finding of bilateral frontal encoding- 

related activations contradict predictions derived from the H E M  model. Fu rther 

research will be required to disentangle these d ifferent accounts of the bilateral 

frontal activations observed during semantic encoding of visually presented novel 

and familiar words and their implication for the HERA model. 

Semantic Encoding Systems and Conceptual Priming 

Findings from studies of conceptual priming, a form of repetition priming, are 

directly relevant to the present results because experimental paradigms used to 

rneasure conceptual priming are identical to the experimental paradigm used in the 

present study to measure novelty assessment. Repetition priming describes a 

facilitation in the effïciency of processing as a consequence of previous experience 

[for a thorough review of prirning see (Richardson-Klavehn 8 Bjork, 1988; Roediger 

8 McDemott, 1993; Schacter, Chiu, & Ochsner, 1993)l. Conceptual priming is a 

form of repetition priming in which the initial presentation and subsequent 

presentations of test stimuli have a semantic relationship with each other. Tests of 

conceptual priming include word association (Shimamura 8 Squire, f989), category 

instance production (Srinivas & Roediger, 1990), and general knowledge (Blaxton, 

1989). On each of these tasks, subjects study a series of stimuli. During the test 



phase, subjects receive cues which are meaningfully related to the studied items as 

well as new test cues; they are asked to provide a response to each test cue. 

Conceptual priming is revealed when accuracy is better or speed of response lower 

for test items which subjects encountered previously during the study phase 

compared with new test items. 

The functional neuroanatomy of conceptual pnming (Demb et al., 1995; 

Wagner et al., 1997; Buckner et al., 1998) has been studied with modem functional 

neuroimaging tools. Demb et al. (1 995) examined the functional neuroanatorny of 

conceptual priming using functional magnetic resonance imaging. In their study, 

subjects were required to make various semantic and nonsemantic decisions about 

a series of words. They observed a decrease in left prefrontal cortex activity 

following repetition of the stimuli when cornpared to the initial presentation. Wagner 

et al. (1997) replicated and extended these findings to non-verbal items. The 

studies conducted by Demb and Wagner focused only on the frontal reg ions of the 

brain. Buckner et al. (1998) measured, with event-related fMRI, changes in blood 

flow as a consequence of conceptual priming of objects across the entire brain. 

These authors also replicated the decrement in left prefrontal blood fiow as a 

function of conceptual priming. However, in addition they observed decrements in 

posterior brain structures as well. Collectively, these studies suggest that the 

second recruitment of a set of cognitive processes requires less neural activity, as 

measured by a decrease in regional cerebral blood flow, than the initial recruitment 

of those processes. Associated with this change in the efficiency of the cognitive 

processes is a speeding up of the behavioral response. 



In both the conceptual priming paradigms described above as well as the 

present novelty assessment paradigm, subjects semantically encoded items which 

were presented for the first time or were repeated. Novelty assessrnent processes 

have been defined in terms of brain regions whose activity is greater when 

processing novel (initially presented) items compared to processing familiar 

(repeated) items. Conceptual priming processes have been defined in terms of 

brain regions whose activity is less when processing repeated (familiar) items than 

when processing those same items on their initial presentation (novel). Thus within 

the exact same experimental paradigm (i.e. initial and repeated presentation of items 

for semantic encoding), by shifting the focus of the analysis from one contrast to the 

other (increase in initial 1 novel condition or decrease in repeated I familiar 

condition), it is possible to change the theoretical framework of the study from 

conceptual priming to novelty assessment or vice versa. However such theoretical 

shifts are completely arbitrary - the experimental paradigm is exactly the same 

whether one is "studyingn conceptual priming or novelty assessment, and because of 

this, the present novelty assessment results and the results from studies of 

conceptual priming are relevant for each other. 

The results of LV3 demonstrated that left prefrontal cortex activity could either 

represent an increase in activity during semantic encoding of visually presented 

familiar words or a decrease during semantic encoding of visually presented novel 

words. In either case, left prefrontal activity is less during the initial presentation of 

words for semantic encoding than during the second presentation of words for 

semantic encoding. The studies of conœptual priming reviewed above have all 



dernonstrated the opposite effect - that is, left prefrontal activity is greater during the 

initial presentation of words for semantic encoding than during the second 

presentation of words for semantic encoding. How is it possible that two identical 

paradigms can provide such contrasting results? 

The experimental paradigm used in the present study to examine novelty 

assessment and the paradigm used to examine conceptual prirning are identical in 

most respects. However one difference, which at first glance may appear trivial, 

does exist. This difference has to do with the counterbalancing of the initial and 

repeated presentations of the test stimuli. In the studies examining conceptual 

priming, whether measured with standard fMRl procedures (Demb et al., 1995; 

Gabrieli et al., 1996; Wagner et al.. 1997) or event-related fMRl procedures 

(Buckner et al., 1998). the primed condition always occurred after the initial 

encounter with the to-be-primed items. That is, because the same stimuli were used 

in the unprimed and primed conditions. the unprimed condition must occur before 

the prirned condition. This is different from behavioral studies of repetition priming in 

which the primed and unprimed material are from different stimuli sets. It is also 

different from the design of the present study. By virtue of the pre-familiarization 

phase, different scans, which were counterbalanced, contained lists of either only 

novel words or only pte-familiarized words. Thus, in the present experimental 

paradigrn, it was possible ta examine the processing of novel and repeated stimuli 

under semantic encoding conditions without the confound of time and order effects. 

This was not possible with studies examining conceptual priming. In light of this 

difference between conceptual priming and novelty assessment paradigrns, and 



given the contrasting results, it is important to determine whether time and order 

effects could account for the observed differences. 

A recent examination by Rajah and her colleagues (1998) of the influence of 

time on changes in rCBF as measured by PET has demonstrated the existence of 

monotonic, task-independent, increases and decreases in blood flow related to the 

effect of tirne. The foci of these tinte-related CBF changes appear to be task 

dependent. The authors concluded that '. . . unless the experimenter controls for 

time-dependent changes in brain activity, the interpretation of task-related changes 

in rCBF rnay be confounded by these monotonic changes in rCBF." (p. 31 4). 

Indeed, several studies have demonstrated task-independent decreases in 

prefrontal blood flow as a function of tirne (Warach, Gur, Gur, Skolnick, Obrist. & 

Reivich, 1992; Paus, Zatorre, Hofle, Caramanos, Gotman, Petrides. 8 Evans, 1997). 

There are two obvious means to control for the effect of tirne: 

counterbalancing and identifying the time effect and removing it frorn the 

experimental variance. The former approach was adopted in the present study. The 

reviewed studies of conceptual priming did not use either approach. Because these 

studies did not wntrol for time effects, it is impossible to establish whether their 

finding of a left prefrontal cortex decrease in rCBF as a function of conceptual 

priming is in fact due to conceptual priming, due to a time effect, or a task x time 

interaction; indeed, the finding of task-independent time-related prefrontal decreases 

would suggest that the priming-related prefrontal decrease rnay be more artifactual 

than real. Therefore, it is not surprising that results from conceptual priming 

paradigms do not agree with aie present results. 



For the time being, it is perhaps safest to conclude that stimulus repetition 

while subjects semantically encode visually presented stimuli, whether it is studied 

under the rubric of conceptual priming or novelty assessment, results in an increase 

in teft prefrontal actîvity. Future research, upon eliminating the confounding effects 

of time from conceptual priming paradigms, will be able to detemine whether the 

theoretical concepts of novelty assessment and conceptual priming do in fact reflect 

the same underlying neural mechanism (and thus are not different from each other) 

or whether they are indeed different from each other. 

Brain Mechanistns of Noveity Assessrnent 

The principal goal of this study was to assess the validity of the novelty 

encoding hypothesis (Tulving et al., 1994; Tulving et al., 1996). This hypothesis 

states that novelty assessment serves as a filter to restrict incoming information. 

Information which is deemed novel will be passed on for further encoding whereas 

information which is not novel (Le. already exists in long-term memory) will be 

filtered out. This mechanism serves the organism by preventing unnecessary 

duplication of information already present in the rnemory systems. Evidence that 

such a mechanism does indeed operate at an early stage of information processing 

cornes from studies dernonstrating that certain brain regions are more active when 

subjects atternpt to encode or recognize never before encountered information in 

comparison to previously encountered information (Tulving et al., 1994; Tulving et 

al., 1996; Rugg et al., 1996; Stern et al., 1996; Gabrieli et al., 1997; Dobn 8 

Fletcher, 1997; Martin et al., 1997; Düzel et al., 1999). Further support has been 

gathered from N o  different meta-analyses demonstrating that across studies, a set 



of brain structures are commonly more active during recognition of new information 

than recognition of previously encountered information (Tulving et al., 1996; Habib & 

Lepage, 1999). 

The implication of a novelty assessment mechanism as described above is 

that upon the arriva1 of new information, a network of brain structures assesses the 

novelty of this information. The results of both meta-analyses support this assertion 

by demonstrating that across a variety of studies, employing different types of stimuli 

and tests, a common set of regions are more active during recognition of new than 

recognition of old stimuli. The results of the present study are at variance with this 

proposal. Before discussing this discrepancy, it will be helpful to describe what 

should have been obsewed in the present study to support the common novelty 

assessment system hypothesis. Because novelty was manipulated within the 

context of two other experimental variables - modality and levels of processing - the 

common novelty-assessrnent system hypothesis would predict the observation of a 

main effect of stimulus history. That is, independent of the sensory modality and 

encoding instructions, a set of brain regions should have been more active when the 

information was novel than when the information was familiar. No such regions 

were found. Rather, LV3 of the PLS analysis revealed a three-way interaction 

between stimulus history, sensory modality, and levels of processing indicating that 

no general noveîty assessrnent mechanism was operating wit hin the present stud y. 

The failure to find a main effect of stimulus history could not have arisen because of 

a lack of sensitivity of the PET technique since an interaction involving stimulus 

history was observed. 



The failure to find a main effect of stimulus history in conjunction with the 

finding of a three-way interaction between stimulus history and the other two 

independent variables suggests that instead of a common novelty assessrnent 

system, stimulus history serves to modulate task-specific activations. The 

covariance present in LV3 contrasted semantic encoding of visually presented novel 

words from semantic encoding of visually presented familiar words. Thus, the 

salience pattern reflected systems involved in semantic encoding. However, activity 

in these semantic systems was sensitive to the prior history of the stimuli; certain 

structures involved in semantic encoding were more active when the stimuli were 

novel and others were more active during semantic encoding when the stimuli were 

familiar. These structures were not active during semantic encoding of auditorily 

presented words nor were they active (to the same extent) during non-semantic 

encoding of visually or auditorily presented words. Thus, the positive and negative 

saliences present in LV3 are not general novelty detectors, but rather are 

components of a system involved in semantic encoding whose activity is modulated 

by novelty. 

The present results are inconsistent with the findings of the two meta- 

analyses which suggest that a general novelty assessrnent system does exist. How 

can these two conflicting sets of data be reconciled? An important difference 

between the two meta-analyses and the present study is that the meta-analyses 

considered novelty assessrnent in the context of episodic recognition memory 

whereas the goal of the present study was to examine irnplicit novelty assessrnent. 

This distinction may be important for resolving the discrepancies between these 



alternative viewpoints. In the context of recognition rnemory, subjects are explicitly 

required to make a decision about stimulus novelty in order to provide a response on 

the test. That is. one way of deciding whether a test cue is new or old is to base the 

decision on familiarity. In fact, familiarity has been hypothesized to be one 

mechanism by which a recognition decision may be reached (Mandler, 1980). Thus 

novelty assessrnent within the context of a recognition paradigm is explicit - the 

subject is explicitly required to evaluate an item's novelty. Alternatively, in the 

present study, novelty was manipulated implicitly. That is, subjects were not 

required to make any decision about whether information was novel or familiar. In 

fact, subjects did not even need to notice whether the information was novel or 

familiar in order to perforrn the semantic or non-semantic encoding tasks. Thus, 

novelty, if it were to influence encoding processes, would have to do so irnplicitly, 

possibly without the subject even being aware of it. 

This distinction between implicit and explicit novelty assessment may help to 

explain the discrepancy in findings between the present results and those from the 

two meta analyses (Tulving et al., 1996; Habib & Lepage, 1999). Explicit novelty 

assessment, as present during a test of episodic recognition, may activate a network 

of brain regions just like any other cognitive process would. This is because the 

focus of the task is novelty assessment, and the PET activations observed during 

that task would presumably underlie the processes necessary for perfonning that 

task. Thus during recognition, there would be a network of brain structures whose 

activity would support the ability to determine whether test items are novel or familiar 

in the service of making a recognition decision. Alternatively, because implicit 



novelty assessment occurs within the context of some other experirnental paradigm 

(e.g . semantic encoding , non-semantic encoding , attention, perception, etc.), the 

activations that are observed will be related to the cognitive task at hand rather than 

novelty assessment (since subjects are not required to even notice this aspect of the 

experimental paradigm) . If irnplicit novelty assessment processes exist, they will 

more likely modulate task-specific activations rather than be associated with a 

network of brain structures themselves. That is. because the task is not one of 

novelty assessment but rather some other cognitive operation, the observed 

activations will likely reflect those cognitive processes necessitated by the task at 

hand rather than novelty assessment; implicit novelty assessment may serve to 

modulate the activity of these task-specific systems. In the case of explicit novelty 

detedion (i.e. during tests of episodic recognition), because that is the process being 

perfonned as demanded by the task, the activity pattern will likely refiect the novelty 

assessment processes. Thus, in the case of explicit novelty assessment, a system 

rnay be activated which carries out this operation, but in the case of implicit novelty 

assessment. the novelty or farniliarity of the information may alter the task-specific 

activations. 

An alternative explanation of the discrepancy between the present findings 

and the previous meta-analyses refiects the distinction between encoding and 

retrieval, not between explicit and implicit novelty assessment. The previous meta- 

analyses examined explicit novelty assessment in the context of retrieval from 

episodic memory, whereas the current study of implicit novelty assessment was 

conducted during encoding into episodic memory. Therefore, implicit and explicit 



novelty assessment are confounded by the tasks used to measure them. This 

confound makes it impossible to rule out the encoding I retrieval hypothesis. To 

elirninate this confound, future studies shouM examine implicit novelty assessment 

during episodic retrieval or explicit novelty assessment during episodic encoding. 

Only then will it be possible to determine whether the encoding I retrieval hypothesis 

or the implicit I explicit novelty assessinent hypothesis accounts for the discrepancy 

between the present results and the results from the previous meta-analyses. 

Noveity Dependent and Novelty Independent Semantic Encoding Systerns 

The results of LV2 and LV3, when considered together, suggest that two 

different semantic encoding systems may simultaneously exist in the brain. Both 

systems are activated when subjects process words in a semantic manner, but 

activity in one system is independent of the prior history of the test stimuli whereas 

activity in the other system is modulated by the pnor history of the test stimuli. The 

neural systern activated independently of stimulus history will be referred to as the 

common semantic encoding system; the term novelty-modulated semantic encoding 

system will refer to the system modulated by stimulus history. Whether the common 

and novelty-rnodulated semantic encoding systems exist as independent but parallel 

functional networks or represent the activity of one unified functional network is not 

known at the present time. Future research and structural equation modeling of it 

may help to answer this question. 

The rnajority of the brain structures which are a part of the common semantic 

encoding system differ from the rnajority of the brain structures which are a part of 

the novelty-modulated sernantic encoding system. This can be seen by comparing 



the activation maps in Figures 7 and 8. For cornparison purposes, these activation 

patterns (only positive saliences from LV2) are plotted on the same MRI ternplate in 

Figure 10. Foci of the common semantic encoding system are shown in blue, 

whereas foci of the novelty-modulated semantic encoding system are shown in pink 

and green. As can be seen, the foci of these two systems greatly differ from each 

other. In addition to these differences, there are several regions of overlapped 

activation. These regions are indicated in yellow and red and include left prefrontal 

cortex, right prefrontal cortex, and right occipital cortex. The peak of the left 

prefrontal common semantic encoding activation is located at x y z = 4 8  38 16. 

The peak of the left prefrontal novelty-modulated semantic encoding activation is 

located at x y z = 4 8  24 -4. Although the peaks of these two activations differ 

mainly in the dorsallventral dimension, the extent of the activations overlap. The 

peak of the right prefrontal common semantic encoding activation is located at x y z 

= 44 46 16. The coordinate of the right prefrontal novelty-modulated semantic 

encoding activation is located at 28 60 20. Once again, although the peaks of the 

activations differ, the extent of the activations overlap. These findings suggest that 

left and right prefrontal semantic encoding systems can be dissociated into two 

closely neighboring components: a novelty-independent semantic encoding system 

and a novelty-modulated semantic encoding system. 

Studies which have examined semantic encoding have principally implicated 

the left prefrontal cortex (Shallice et al.. 1994; Kapur et al., 1994; Fletcher, Frith, 

Grasby, Shallice, Frackowiak, & Dolan, 1995; Dolan 8 Fletcher, 1997) or bilateral 

prefrontal cortex (Kelley, 1998). Based on these and other studies, the H E M  mode1 



suggests that left prefrontal cortex is more involved than the right prefrontal cortex in 

retrieval from semantic memory and encoding into episodic memory. The present 

findings refine the HERA prediction by dissociating two left prefrontal sernantic 

encoding systems - one whose activity is independent of the prior history of the 

items being encoded and another whose activity is modulated by the prior history of 

the items being encoded. These two systems are located close to each other within 

the left (and right) prefrontal cortices. In addition however, each system is 

associated with other nonprefrontal brain structures as well. 

Although the PET technique does not provide information about the temporal 

ordering of the two semantic encoding systems, the likely scenario is that both 

systems are active in parallel rather than sequentially. The novelty-encoding 

hypothesis proposed by Tulving et al. (1 994; 1996) suggests a sequential cascade 

of events. Fint information is assessed by a novelty-assessment system and only 

that which is deemed novel is passed on for further encoding. Evidence of the two 

semantic encoding systerns in conjunction with the lack of a comrnon novelty 

assessrnent system (discussed earlier) suggests that the novelty-encoding 

hypothesis may be incorrect. Rather than a novelty assessment mechanism 

operating as a filter prior to encoding, it appears that (at least) two different sernantic 

encoding systems are activated when subjects are required to encode information - 
one whose activity is modulated by novelty I familiarity and one whose activity is 

independent of this dimension. The CO-activation of these two systems encode 

stimuli into long terni memory so that it is retrievable at a later time. 



Conclusion 

The main conclusion of this study is that implicit novelty assessment 

modulates the activity of task-specific brain systems; the activity of brain regions 

involved in performing the task subjects are engaged in differs depending on the 

novelty of the information. This is different from the neural mechanism underlying 

expiicit novelty assessment - tasks on which the main goal is to discriminate novel 

information from familiar information. On such tasks. a dedicated network of brain 

structures underlies novelty assessment. 

A secondary conclusion is that two separate semantic encoding systems may 

exist - one whose activity is independent of stimulus history and another whose 

activity is modulated by stimulus history . This conclusion, in conjunction with the 

finding that a main effect of novelty was not present amongst the results, suggests 

that the novelty 1 encoding hypothesis may be incorrect. lnstead of a dedicated 

novelty assessment system forwarding novel information to frontal regions for 

encoding, it appears that novel and familiar information are processed by task- 

specific brain systems - in the present study, those being involved in semantic 

encoding. 



General Discussion 

Two studies were conducted to examine novelty assessment during episodic 

memory encoding and retrieval. In the first, a multi-study analysis was performed on 

five studies of episodic memory recognition. Tests of recognition memory provide a 

direct means of examining novelty assessment because subjects are explicitly 

required to determine whether they have previously encountered each new and old 

item on the list. The results of the multi-study analysis indicated that brain activity in 

a system of brain structures was greater when subjects were processing new items 

(making novelty decisions) compared to when processing old items (making 

familiarity decisions). This novelty-assessment system was independent of stimulus 

form (verbal and non-verbal), stimulus modality (visual and auditory), and type of 

recognition paradigm (yes I no and oddball). Thus, the results of the multi-study 

analysis suggested that in addition to task-specific novelty systems, there is 

evidence for a task-, modality-, and stimulus-independent novelty assessment 

systern. 

Tulving et al. (1994; 1996) hypothesized that novelty assessment is an early 

stage of information processing and operates in the background as information 

enters an organism's nervous system. If this incoming information is novel, as 

established by the novelty assessment mechanism, it is more likely to be encoded 

into long-terrn memory than if it has been encountered before - this is the novelty I 

encoding hypothesis. It further States that the efkiency of encoding and probability 

of later retrieval are dependent on two independently operating factors: levels of 

processing and novelty. When one is held constant, the efficacy of encoding is 
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solely determined by the other process. The goals of the second study were to 

explore implicit novelty assessment and test the predictions of the novelty I encoding 

hypothesis. The results suggested that when novelty assessment operates 

implicitly, rather than activating a dedicated network of brain structures, novelty 

modulates the activity of task-dependent brain activations. This finding argues 

against the idea that levels of processing and novelty operate independently of each 

other, as suggested by Tulving et al. (1996). Rather, it suggests that novelty and 

levels of processing interact to determine the effciency of encoding and the success 

of later retrieval. 

It has been hypothesized that novelty assessment is a neurocognitive 

process subserved by a dedicated network of brain regions whose activity can be 

inferred by comparing blood flow measured while subjects process new information 

to blood flow measured while subjects proœss old information (Tulving et al., 1994; 

Tulving et al., 1996). In the remainder of the Discussion, arguments will be 

presented which will raise doubts about novelty assessment conceived in this 

manner. An alternative hypothesis, based on localized storage of novelty 

information, will then be presented to address some of these issues. 

The hypothesis that a dedicated network of brain structures underiies novelty 

assessment grew out of the finding that a series of brain structures were more 

activated when subjects attempted to recognize new pictures than when they 

attempted to recognize previously seen pictures (Tulving et al., 1994). The adivated 

regions included the extended circuit of Papez including the hippocampus proper, 

parahippocampal gyrus, thalamus, and anterior cingulate, as well as the left 



prefrontal cortex. The hypothesis stated that novelty assessment was an early stage 

of information processing which established for incoming information, whether it was 

novel or farniliar to the organism, and in the event that it was novel, passed on to 

(left) prefrontal regions of the brain for subsequent encoding into episodic memory. 

Following Tulving et a1.k (1 994; 1996) studies on novelty assessment. several other 

researchers also observed novelty assessrnent-related activations within the media! 

temporal lobe regions of the brain in a variety of experimental paradigm for a variety 

of different stimuli (Stern et al., 1996; Gabrieli et al., 1997; Dolan & Fletcher, 1 997). 

An initial challenge to the novelty I encoding hypothesis as conceived by 

Tulving et al. (1994; 1996) is that their experimental paradigrn does not logically 

allow for its measurement. Tulving et al. (1994) define novelty activations as those 

brain structures with "higher regional cerebral blood flow for new rather than old 

pictures." If it is true that novelty assessment is an early information processing 

operation carried out automatically by the nervous system whenever it encounters 

some information, then novelty assessment processes would have been present 

during both recognition scans in the study by Tulving et al. (1 994). That is, the 

novelty assessment "machinery" would have been operating both during recognition 

of new pictures and recognition of old pictures. Therefore, the logic of task 

subtraction dictates that the statistical cornparison of these two seans should not 

reveal activations related to novelty assessment. 

The logic of this argument is that since novelty assessment is carrïed out 

whenever an organisrn processes incoming information, it is not possible to examine 

its neural substrates by comparing recognition of new pictures to recognition of old 



pictures. Novelty assessment should be present during both conditions even if the 

outcome of the process is different - novel for new pictures and familiar for old 

pictures - and their comparison will merely "subtract away" any activations related to 

the process of novelty assessment. This problem also exists for previous studies 

which have exarnined novelty assessment by comparing a condition with mainly new 

items to a condition with mainly old items (Stern et al., 1996; Gabrieli et al., 1997). 

In fact, since novelty assessrnent processes continually examine incoming 

information, it appean that it would be impossible to isolate this cognitive process by 

comparing two different conditions to each other. 

At this point, it is important to rnake a distinction between processes and the 

outcomes of those processes. A process simply refers to an information processing 

algorithm which takes some input, transfoms this input, and provides an output. 

The outcome of a process is its output, once the transformation is complete. For 

example, novelty assessment is the process, and the determination that some 

information is novel or familiar is its output. With respect to the present argument, 

although the comparison of a new condition to an old condition cannot logically 

speak to the neural mechanisms of the process of novelty assessment, the observed 

novelty and familiarity activations could reflect the outcome of the novelty 

assessment process. That is, one pattern of brain regions is activated when 

information is determined to be novel, whereas another set of brain regions is 

activated when information is determined to be familiar. 

Although it may be impossible to study novelty assessment by comparing two 

conditions to each other (as was initially done), this alone does not prove that a 



dedicated network of brain regions does not underlie novelty assessment. The most 

serious challenge to this hypothesis is the results of the PET study in the present 

thesis. In that study, subjects encoded visually and auditorily presented novel and 

familiar words under conditions of semantic and non-semantic instructions. The 

novelty 1 encoding hypothesis proposes that information is processes by a trans- 

modal novelty assessment system before it is passed on for subsequent encoding. 

This daim would require that a network underlie novelty assessment, irrespective of 

the modality the information is presented in or the context within which the 

information is processed. That is, a trans-modal novelty assessment system should 

equally process auditory and visual information during semantic and non-semantic 

encoding to assess its novelty. If this were true, it would be expected that novelty 

would not interact with modality and levels of processing in the PET study. Contrary 

to this prediction, the results of the PET study revealed a three-way interaction 

between novelty , rnodality , and levels of processing . Therefore, these results are 

inconsistent with the notion of a dedicated novelty assessment network as proposed 

by the novelty 1 encoding hypothesis. 

The novelty 1 encoding hypothesis proposes that a network of brain regions 

underlies the neurocog nitive function of novelty assessment. The arguments 

presented above challenge this notion. They dernonstrate that the initial studies on 

novelty assessment did not really measure blood flow related to this process (and 

hence their activations do not reflect novelty assessment brain systems) and when 

examined within the context of episodic encoâing, rather than depending on a 

dedicated network, novelty modulated the adivity of encoding-specific activations. 



Faced with these results, an alternative to the novelty 1 encoding hypothesis will be 

considered. This hypothesis is based on findings from neurophysiological studies of 

habituation and recognition memory in animals. The gist of this hypothesis is that 

the decrement in firing rate exhibited by neurons in the central nervous system as a 

result of repeated stimulation can serve to code information necessary to 

discriminate novel information from familiar information and support the novelty 

assessment process. 

It has been repeatedly demonstrated, both in habituation studies conducted in 

the 1950s and 1960s and in modern single unit recording studies of recognition 

memory, that the firing rate of neurons gradually decreases as a function of the 

nurnber of times a single stimulus item has been repeated (Thompson 8 Spencer, 

1966; Stein, 1966; Li et al., 1993; Miller, Li, & Desimone, 1 993; Desimone, 1 996). 

That is, the firing rate of neurons which are responsive to a particular stimulus is 

greatest when the stimulus is presented for the first time. When this stimulus item is 

repeated, the firing rate of the neuron gradually decreases. It has been 

demonstrated that this decrease may last up to 24 hours (Rolls et al., 1982) and is 

often stimulus specific (Li et al., 1993); if another stimulus is presented, the activity 

of the neuron retums to normal levels. Clearly then, the repetition sensitivity of 

certain neurons can code whether information is novel or whether it has been 

encountered before. 

In fact, Li, Miller, and Desimone (1 993) have recently proposed a rnodel 

which describes how this repetition sensitivity mechanism can be used to establish 

the novelty status of incoming information. In the inferior temporal (IT) cortex of the 



monkey, these authors have demonstrated that certain neurons are sensitive ?O 

stimulus repetition, whereas others are not. They propose that through the 

comparison of the firing rates of stimulus-responsive but repetition-insensitive 

neurons to the firing rates of stimulus-responsive and repetition-sensitive neurons, it 

will be possible to detemine whether the system has previously encountered that 

stimulus. M e n  information is novel, the firing rates of repetiüon-sensitive and 

repetition-insensitive neurons should be the same, however, when information is 

familiar, the firing rate of repetition-sensitive neurons should be less than the firing 

rate of repetition-insensitive neurons. By the comparison of the two, it can be 

established whether information has been encountered previously. 

Neurons which are sensitive to stimulus repetition, within different 

experimental paradigms, have been observed in many different regions of the 

central nervous system. Within the context of habituation studies, repetition 

sensitive neurons (i.e. those which habituate to a repeated stimulus) have been 

observed in the spinal cord (Thompson 8 Spencer. 1966), btain stem (Horn & Hill, 

l964), cochlear nucleus [reported in (Hom, 1965)], lateral geniculate nucleus 

[reported in (Horn, 1965)], and visual cortex [reported in (Horn, 1965)l amongst other 

structures. Wthin the context of recognition memory studies, repetition sensitive 

neurons (i.e. those which distinguish new stimuli from old stimuli) have been 

observed in the anterior inferior temporal lobe (Brown et al.. 1987; Wilson, Riches, & 

Brown, lB90; Miller e l  al., 1991; Fahy et al., 1993; Li et al., 1993; Miller et al., 1993; 

Brown & Xiang , 1 W8), posterior infetior temporal lobe (Brown 8 Xiang , 1 9Q8), 

amygdala (Riches e l  al., 1 gQl), entorhinal cortex (Fahy et al., 1993; Zhu, Brown, 



McCabe, & Aggleton, 1995; Xiang & Brown, 1 Q98), hippocampus (Rolls, Cahusac, 

Feigenbaum, & Miyashita, 1 993), and prefrontal cortex (Miller, Erickson, & 

Desirnone, 1996). Although not an exhaustive list of brain structures containing 

repetition sensitive neurons, these results are suggestive of the possibility that 

repetition sensitive neurons may be present throughout the entire mammalian 

nervous system. 

The two facts described above, existence of repetition sensitive neurons and 

their presence throughout the nenrous system, serve as a basis for the localized 

novelty hypothesis about the neural substrates of novelty assessment. It is 

hypothesized that the novelty status of incoming information is coded locally by 

repetition sensitive neurons in precisely those brain structures involved in processing 

the information. That is, novelty information is stored locally in repetition-sensitive 

neurons - there is no centralized novelty assessment circuit. When brain systems 

are recruited for information processing, they have direct access to locally stored 

novelty information. 

This hypothesis rests on one of the most pervasive features of the 

mammalian nervous system - habituation of response due to repeated stimulation. 

This habituation response can code and store information about whether the 

organisrn has previously encountered something. It differs from the novelty I 

encoding hypothesis in that novelty assessment is not mediated by a network of 

brain regions - task-specific activations extract novelty information as required from 

locally stored neurons. This hypothesis is consistent with the findings of the second 

study in the present thesis. That study dernonstrated that novelty assessment did 



not rely on a dedicated system of brain structures but rather modulated the activity of 

task specific (semantic and non-semantic encoding) activations. This finding , 

although problematic for the novelty I encoding hypothesis, is exactly what would be 

predicted by the localized novelty h ypothesis. Novelty information, coded by 

repetition-sensitive neurons in brain structures involved in semantic encoding, is 

extracted and utilized in support of the encoding operations being perfomed, 

resulting in the observed modulation of task-specific activations. 

At this stage, the hypothesis presented above is just that - a hypothesis. 

With the development of new imaging tools, such as event-related functional MRI, it 

will be possible to test some predictions this hypothesis makes. A test of the idea 

that novelty information is locally stored in task-dependent brain regions would be to 

perform an experiment in which novel and familiar information is presented in two 

very different experimental tasks. If a centralized brain system is involved in novelty 

assessment, then the novelty component of the two experimental tasks should share 

a single novelty assessment network. However, if as the localized novelty 

hypothesis predicts, novelty information is stored locally, then the novelty component 

of the two experimental tasks should not share any common brain structures (to the 

extent that the two experimental tasks do not recruit any common brain structures). 

Another prediction made by the kcalized novelty hypothesis is that as information 

becomes familiar, the firing rate (and hence blood flow) of neurons involved in 

processing that information declines. This prediction can be tested with event- 

related fMRl by plotting the haemodynamic curves for stimuli which have been 

repeated different numbers of times. Because novelty information is stored locally, it 



should not be possible to produce a global deficit by lesioning any single structure. 

This hypothesis can be verified by testing novelty assessrnent behaviorally in 

patients with different forms of brain damage. These suggestions are but a few of 

the possible experiments which can be conducted to test the localized novelty 

hypothesis. As this hypothesis is further refined, other predictions will arise which 

will also require expenrnental testing. 



Conclusions 

The goal of this thesis was to explore the brain systems involved in novelty 

assessment. The main finding from the multi-study analysis was that in addition to 

task-specific novelty assessment systems, evidence exists for a task-, modality-, and 

stimulus-independent novelty assessment system. There was also suggestive 

evidence in support of a "higher-order" rneaning-based novelty assessment system. 

These results change Our current understanding of novelty assessment by shifting 

the focus from a unitary model of novelty assessment to considering the possibility 

that novelty may exist in rnany different forms with different neural mechanisms 

underlying each of these various forms. The PET study examined irnplicit novelty 

assessment and tested the predictions of the novelty 1 encoding hypothesis. It was 

found that instead of a dedicated novelty assessment system, novel and familiar 

information modulate the activity of task-specific brain structures. The results further 

suggested that two separate semantic-encoding systems may exist in the brain - 
one sensitive to novelty and another independent of novelty. These results were 

considered within two frameworks of novelty assessment. The novelty I encoding 

hypothesis proposes that novelty assessment is subserved by a dedicated network 

of brain structures. The localized novelty hypothesis proposes instead that novelty 

information is stored locally in task-dependent brain regions and no dedicated brain 

system for novelty assessment exists. Logic and experimental data were used to 

argue against the former and in support of the latter. 

Novelty, and the ability to discriminate novel information from familiar 

information, are an integral part of many behavioral and neurophysiological functions 



that organisrns are required to perforrn. The findings of this thesis suggest that 

novelty is not a single unitary entity, but rather exists in many different forms, with 

many different neural mechanisms. Furthermore, the ability to discriminate novel 

frorn familiar information is present throughout the entire nervous system - thus, this 

ability is one of the most important functions that or~janisms perform. Understanding 

the properties and neural substrates of this mechanism wiii heip us better 

understand how organisms deal with their environment. 
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Table 1. Foci of novelty activations in studies of episodic encoding and retrieval. 

Study ID X V Z  Brain Region 

(Düzel et al., 1999) 

(Düzel et al., 1999) 

(Düzel et al., 1999) 

(Düzel et al., 1 999) 

(Tulving et al., 1994) 

(Tulving et al., 1994) 

(Tulving et al., 1994) 

(Tulving et al., 1994) 

(Tulving et al., 1994) 

(Tulving et al., 1994) 

(Tulving et al., 1994) 

(Tulving et al., 1994) 

(Tulving et al., 1994) 

(Tulving et al., 1994) 

(Tulving et al., 1994) 

(Tulving et al., 1994) 

(Tulving et al., 1994) 

(Tulving et al., 1994) 

(Tulving et al., 1994) 

(Tulving et al., 1994) 

uncus 

anterior temporal cortex 

temporal cortex 

anterior cingulate cortex 

temporal lobelinsula 

insula 

temporal lobelinsula 

hippocarnpal formation 

hippocampal formation 

hippocarnpal formation 

hippocarnpal formation 

hippocampal formation 

parahippocampal gyrus 

parahippocampal gyrus 

parahippocampal gyrus 

parahippocampal gyrus 

medial dorsal thalamus 

medial dorsal thalamus 

medial prefrontal cortex 

medial ~refrontal cortex 



137 

Study ID X V Z  Bnin Region 

(Tulving et al.. 1 994) medial orbitofrontal cortex 

(Tulving et al., 1 994) 

(Tulving et al., 1 994) 

(Tulving et al., 1994) 

(Dolan & Fletcher, 

1997) 

(Dolan 8 Fletcher, 

1997) 

(Dolan & Fletcher, 

1997) 

(Rugg et al., 1996) 

(Rugg et al., 1996) 

(Stern et al., 1996) 

(Stem et al., 1996) 

(Stem et al., 1996) 

(Stern et al., 1996) 

anterior cing ulatefmed ial prefrontal cortex 

anterior cingulatefmedial prefrontal cortex 

anterior cing ulate/med ial p refrontal cortex 

hippocampal/parahippocampa t 

inferior temporalfparahippocampal gyrus 

posterior cingulate cortex 

ventral occipito-temporal cortex 

hippocampus 

fusiforni gyrus 

hippocampus 

fusiform gyrus 



Table 2. Foci of novelty activations in studies of cognitive learning. 

Study ID X Y Z  Brain Region 

(Kopelrnan et al., 1998) -28 20 -1 2 inferior frontal gyrus 

(Kopelman et al., 1998) -42 22 20 inferior frontal gyrus 

(Kopelman et al., 1998) -24 -24 -1 2 medial temporal 

(Kopelman et al., 1998) -54 -2 8 precentral gyrus 

(Kopelrnan et al., 1998) 22 -56 -20 cerebellum 

(Kopelrnan et al., 1998) -36 -62 4 occipitotemporal junction 

(Kopelman et al., 1998) 26 -64 8 occipitotemporal junction 

(Kopelman et al., 1998) -12 -86 -4 lingual gyrus 

(Petersson et al., 1997) 30 -28 -20 parahippocampal gyrus 

(Petersson et al., 1997) 22 -14 -28 parahippocampal gyrus 

(Petersson et al.. 1997) 36 -40 -1 2 fusiform gyrus 

(Petersson et al., 1997) 50 -40 -16 fusiforrn gyrus 

(Petenson et al., 1 997) 50 -64 -20 inferior temporal gyrus 

(Petersson et al., 1997) -34 -26 -24 parahippocampal/fusiform gyrus 

(Petersson et al., 1 997) -34 -38 -1 6 fusiforrn gyrus 

(Petersson et al., 1997) -44 -58 -8 fusiform gyrus 

(Petersson et al., 1997) -58 -40 -1 2 inferior temporal gyrus 

(Berns et al., 1997) -28 6 52 premotor 

(Bems et al., 1 997) -4 38 12 anterior cingulate 

(Berns et al.. 1 997) 4 10 -4 ventral striatum / nucleus accumbens 



Study ID X Y Z  Brain Region 

(Van Horn et al., 1998) 28 16 36 middle frontal gyrus 

(Van Horn et al., 1998) 

(Van Horn et al., 1998) 

(Van Horn et al., 1998) 

(Van Horn et al., 1998) 

(Van Horn et al., 1998) 

(Van Horn et al., 1998) 

(Van Horn et al., 1998) 

(Van Horn et al., 1998) 

(Van Horn et al., 1998) 

(Van Horn et al., 1998) 

(Van Horn et al., 1998) 

(Van Hom et al., 1998) 

(Van Hom et al., 1998) 

(Van Horn et al., 1998) 

(Van Horn et al., 1998) 

(Van Hom et al., 1998) 

(Van Horn et al., 1998) 

(Van Horn et al., 1998) 

(Van Hom et al., 1998) 

(Van Horn et al., 1998) 

Nan Horn et al., 1 998) 

28 rniddle frontal gyrus 

-8 middle frontal gyrus 

-4 inferior frontal gyrus 

-1 6 inferior frontal gyrus 

-20 inferior frontal gyrus 

48 superior frontal gyrus 

40 medial frontal gyrus 

16 medial frontal gyrus 

-1 6 medial frontal gyrus 

-20 middle temporal gyrus 

-12 middle temporal gyrus 

O middle temporal gyrus 

-4 middle temporal gyrus 

-1 6 cerebellum 

-24 cerebellum 

-20 fusifom gyrus 

36 inferior parietal lobule 

28 inferior parietal lobule 

-8 fusiform gyrus 

4 cuneus 

12 cuneus 



Study ID X Y Z  Brain Region 

(Raichle et al.. 1994) -43 28 13 prefrontal cortex 

(Raichle et al., 1994) -4 28 36 anterior cingulate 

(Raichle et al., 1994) 25 -62 -18 cerebellum 



Table 3. Foci of novelty activations in studies of conceptual priming. 

Study ID X Y Z Brain Region 

(Buckner et al.. 1998) -43 -65 -6 inferior temporal 

(Buckner et al., 1998) 

(Buckner et al.. 1998) 

(Buckner et al., 1998) 

(Buckner et al., 1 998) 

(Buckner et al., 1998) 

(Buckner et al.. 1998) 

(Buckner et al., 1998) 

(Buckner et al., 1998) 

(Buckner et al., 1998) 

(Buckner et al., 1998) 

(Buckner et al., 1998) 

(Buckner et al., 1 998) 

(Buckner et al., 1 998) 

inferior temporal 

extrastriate 

extrastriate 

inferior temporal 

extrastriate 

extrastriate 

dorsal prefrontal 

extrastriate 

extrastriate 

anterior cing ulate 

extrastriate 

anterior cingulate 1 supplementary motor 

area 

lateral cerebellun 



Table 4. Experimental parameters in recognition multi-study analysis. 

Study Su bjects Modality Stimuli Type of Test 

Odd bal1 
Sentences 12 Auditory Sentences 

Detection 

Odd bal1 
P ict u res 12 Visual Pictures 

Detect ion 

Yes 1 No 
Cross-Modality 11 Visual Words 

Recognition 

Yes 1 No 
Same-Modality 12 Visual Words 

Recognition 

Combined Pictures / Yes 1 No 
11 Visual 

Pictu res1Sen tences Sentences Recognition 



Table 5. Coordinates of peak novelty and familiarity activations in recognition multi- 

study analysis. 

X Y Z Region 

Familiarity Activations 

-40 44 20 Middle Frontal Gyrus (BA 10) 

-36 -58 32 lnferior Parietal Lobule (BA 7 1 40) 

6 -76 32 Cuneus (BA 19) 

26 -62 32 Superior Occipital Gyrus (BA 19) 

Novelty Activations 

34 -1 6 -1 2 Hippocampus 

42 -1 O -8 Middle Temporal Gyrus (BA 21) 

-56 -14 -1 2 Middle Temporal Gyrus (BA 21) 

-2 46 -8 Medial Frontal Gyrus (BA 10) 

50 -40 16 Superior Temporal Gyrus (BA 22) 

-54 -26 16 Superior Temporal Gyrus (BA 42) 

-38 -26 16 Transverse Temporal Gyrus 

-6 64 20 Superior Frontal Gyrus 

-1 O 48 36 Medial Frontal Gyrus (BA 9) 

Note. X, Y, Z coordinates in Talairach and Toumoux (1988) atlas space. Negative 

X values in left hemisphere, positive X values in right hemisphere. BA = Brodmann 



Table 6. Coordinates of peak novelty and familiarity activations in Cross-Modality 

study. 

X Y Z Reg ion 
-- 

Familiarity Activations 

50 -28 -16 lnferior Temporal Gyrus (BA 20) 

Orbital Gyrus (BA 11) 

Cerebellum 

Parahippocampal Gyrus (BA 36) 

Lingual Gyrus (BA 18) 

Medial Frontal Gyrus (BA 10) 

Middle Temporal Gyrus (BA 21) 

Anterior Cingulate (BA 24) 

Parahippocampal Gyrus 

Occipital Gyrus (BA 19) 

Novelty Activations 

-50 -74 -24 Cerebellum 

-36 -4 -20 Middle Temporal Gyrus (BA 21) 

I O  -90 -1 6 Lingual Gyrus (BA 18) 

52 -70 -8 Middle Occipital Gyrus (BA 19) 

16 -74 -4 Lingual Gyrus (BA 19) 

40 -44 12 Superior Temporal Gyrus (BA 22) 



-50 -78 12 Middle Occipital Gyrus (BA 19) 

-50 -34 16 Superior Temporal Gyrus (BA 22) 

8 -38 20 Posterior Cingulate Gyrus (BA 29) 

14 -1 2 36 Cingulate Gyrus (BA 24) 

Note. X, Y. Z coordinates in Talairach and Tournoux (1 988) atlas space. Negative 

X values in left hemisphere, positive X values in right hemisphere. 8A = Biodmann 

Area. 



Table 7. Novelty Encoding study Post-scan Recognition Performance. 

Visual Auditory 

Semantic Non-Semantic Semantic Non-Semantic 

Novel Hits 0.91 0.65 0.90 O. 80 

FA 0.04 0.08 0.03 0.10 

Corrected 0.87 0.58 0.87 0.70 

Familiar Hits 0.85 0.59 0.90 0.70 

FA 0.07 0.13 0.09 0.14 

Corrected 0.78 0.46 0.81 0.56 



Table 8. Coordinates of bootstrapped foci of positive and negative saliences in LV1 

of Novelty Encoding study: Visual Encoding vs. Auditory Encoding. 

X Y Z Bootstrap Region 

Ratio 
- -- 

Positive Saliences - Auditory Encoding 

26 28 -20 3.20 lnferior Frontal Gyrus (BA 47) 

54 -24 4 9.91 Superior Temporal Gyrus (BA 22) 

-56 -26 O 13.80 Superior Temporal Gyrus (BA 22) 

26 36 8 3.07 lnferior Frontal Gyrus (BA 46) 

-1 8 40 20 5.42 Medial Frontal Gyrus (BA 9) 

26 14 32 3.45 Cingulate Gyrus (BA 24) 

14 -46 32 3.63 Precuneus (BA 31ff) 

-2 -22 40 3.60 Cingulate Gyrus (BA 31) 

Negative Saliences - Visual Encoding 

38 -56 4 5.33 Middle Temporal Gyrus (BA 37) 

-30 -88 -1 6 9.44 Fusiform Gyrus (BA 18) 

-40 -1 8 -20 2.46 Fusiform Gyrus (BA 20) 

12 22 -20 3.75 Rectus Gyrus (BA 11) 

-8 -32 -1 2 2.84 Brainstern 

O -100 -4 2.37 Lingual Gynis (BA 17) 

16 -6 -4 2.81 Medial Globus Pallidus 



-20 -40 4 2.59 Hippocampus 

-2 -8 4 2.78 Thalamus 

16 12 20 2.44 Caudate Nucleus 

-1 8 -1 8 8 4.25 Thalamus 

-1 6 64 20 2.69 Superior Frontal Gyrus (BA 10) 

Note. X, Y ,  Z coordinates in Talairach and Tournoux (1988) atlas space. Negative 

X values in left hemisphere, positive X values in right hemisphere. BA = Brodmann 

Area. 



Table 9. Coordinates of bootstrapped foci of positive and negative saliences in LV2 

of Novelty Encoding study: Semantic Encoding vs. Non-Semantic Encoding. 

X Y Z Bootstrap Reg ion 

Ratio 
-- 

Positive Saliences - Semantic Encoding 

-8 -90 -8 4.10 Lingual Gyrus (BA 18) 

-48 -24 -1 6 4.08 lnferior Temporal Gyrus (BA 20) 

-2 -1 2 -24 3.91 Brainstem 

-48 38 16 5.42 Middle Frontal Gyrus (BA 46) 

44 46 16 3.70 Middle Frontal Gyrus (BA 46) 

44 18 4 3.1 1 lnferior Frontal Gyrus (BA 45) 

-1 8 O 8 3.1 1 Putamen 

2 26 36 4.04 Anterior Cingulate (BA 32) 

Negative Saliences - Non-Semantic Encoding 

-34 -30 -20 2.94 Parahippocampal Gyrus (BA 36) 

16 -1 6 -20 3.42 Entorhinal Cortex (BA 28) 

40 -76 8 5.43 Middle Occipital Gyrus (BA 19) 

46 -8 -7 6 3.95 Middle Temporal Gyrus (BA 21) 

-1 6 -36 -1 2 3.22 Cerebellum 

6 10 -8 4.69 Nucleus Accumbens 

26 12 -8 2.92 lnsula 



Middle Temporal Gyrus (BA 19) 

Lingual Gyrus (BA 19) 

Superior Temporal Gyrus (BA 22) 

Middle Temporal Gyrus (BA 37) 

Putarnen 

Medial Frontal Gyrus (BA 9) 

Thalamus 

Superior Temporal Gyrus (BA 22) 

Anterior Cingulate (BA 33) 

Paracentral Lobule 

Precuneus 

Cingulate Gyrus (BA 24) 

Middle Frontal Gyrus (BA 8) 

Note. X, Y, Z coordinates in Talairach and Toumoux (1988) atlas space. Negative 

X values in left hemisphere, positive X values in right hernisphere. BA = Brodmann 

Area. 



Table 10. Coordinates of bootstrapped foci of positive and negative saliences in LV3 

of Novelty Encoding study: Novel Deep Encoding vs. Familiar Deep Encoding. 

X Y Z Bootstrap Region 

Ratio 

Positive Saliences - Farniliar Deep Encoding 

8 -1 O0 -1 6 2.89 LingualGyrus(BA18) 

-1 O -1 O0 -20 2.91 Lingual Gyrus (BA 18) 

-48 24 -4 4.03 lnferior Frontal Gyrus (BA 47) 

-42 -1 6 -4 2.83 Middle Temporal Gyrus (BA 21) 

-52 -64 O 2.83 hferior Temporal Gyrus (BA 19/37) 

-38 -34 4 2.46 Middle Temporal Gyrus (BA 22) 

-34 -54 12 2.82 Middle Temporal Gyrus (BA 39) 

-1 2 -62 32 2.46 Precuneus (BA 7) 

-16 26 32 2.46 Anterior Cingulate (BA 32) 

22 -1 0 36 2.70 Cingulate Gyrus (BA 24) 
- 

Negative Saliences - Novel Deep Encoding 

-54 -62 -28 2.84 Cerebellum 

54 -1 2 -8 2.42 Middle Temporal Gyrus (BA 21) 

28 -32 -1 6 2.75 Çusiform Gyrus (BA 20) 

42 -40 -1 6 3.09 Fusiform Gyrus (BA 20137) 

28 60 20 3.43 Medial Frontal Gyrus (BA 10) 



34 -68 -4 2.58 Middle Occipital Gyrus (BA 19) 

-58 -2 -4 2.62 Middle Temporal Gyrus (BA 21) 

-26 14 16 3.1 5 lnsula 

2 30 32 2.88 Anterior Cingulate (BA 32) 

-52 -1 8 20 2.81 Postcentral Gyrus (BA 40143) 

Note. X, Y, Z coordinates in Talairach and Tournoux (1988) atlas space. Negative 

X values in left hemisphere, positive X values in rig ht hemisphere. BA = Brodmann 

Area. 









Figure 3. Foci of novelty activations in studies of conceptual priming. 















Figure 10. Overlap of common semantic processing regions with semantic 

processing regions sensitive to stimulus history. 




