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Abstract

Novelty discrimination refers to the ability to decide whether information is new or has been previously encountered. Recent functional
neuroimaging work has demonstrated that the hippocampus plays an important function in novelty discrimination. In the study described
here, we explored the idea that novelty discrimination does not depend on the hippocampus alone but involves large-scale functional neural
networks consisting of spatially remote brain regions. We measured blood flow with positron emission tomography (PET) while subjects
semantically encoded visually and auditorily presented situationally novel and familiar words. Following each PET scan, subjects’ memory
was tested with a standard yes/no recognition test. Blood flow data were analyzed with the covariance-based seed partial least squares (PLS
method. Behaviorally, subjects’ recognition performance was higher for novel than familiar words. Neurally, two large-scale functional
networks involving the same region of the hippocampus were identified which showed coherent activity either during the encoding of
situationally novel (but not familiar) items or situationally familiar (but not novel) items. These findings indicate that different neural
networks are active in the processing of situationally novel and familiar information. The observation that the hippocampus participates in
both networks supports the principle of neural context.
© 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction memory test, was higher for novel than for familiar items
at a number of sites in the extended limbic system. Other
Among the many achievements of organisms is the ability research has corroborated the general thrust of these early
to discriminate between novel and familiar stimuli. Nov- findings[7,9,15,17,18]and has extended the novelty assess-
elty/familiarity discrimination (also known as novelty de- ment networks to other cerebral regions beyond the limbic
tection, or novelty assessment) is useful for the organism in System, including a number of anterior and posterior neo-
a variety of situations, can take a number of specific forms, cortical siteq11,12,19] We proposed a specific relation be-
and can serve several functions (see reviews[b]). tween novelty assessment and memory encoding in the form
The hippocampal system has been found to be critically of a novelty encoding hypothesis. According to this hypoth-
involved in many tasks involving neural novelty/familiarity ~ esis, the novelty of incoming information co-determines the
(henceforth just ‘novelty’) discriminatiofi,2,5—20] In this extent to which such information is encoded for long-term
report, we describe a positron emission tomography (PET) memory storage: the greater the novelty, the greater the prob-
study whose purpose was to explore the idea that noveltyability of encoding[20]. Since then, the novelty encoding
discrimination does not depend on the hippocampal systemhypothesis has received empirical support from two sources.
alone but is subserved by large-scale neuronal networksFirst, purely behavioral studies have shown that under con-
which include but go beyond the hippocampal system. ditions in which all other possibly relevant variables are held
Earlier work suggested that novelty discrimination is a constant, recognition memory is better for novel than famil-
component of the process of encoding incoming information iar information[21,22] (see alsd23]). Second, functional
for long-term memory storagfl9,20] Regional cerebral  neuroimaging studies have identified brain regions whose
blood flow (rCBF), measured during a yes/no recognition activity at encoding (i) is correlated with novelty, and (ii)
predicts subsequent retrieval of the encoded matgrj!
"+ Corresponding author. Tek:1-416-785-2500x3595: The_ presgnt study was .designed to extend_ our p_revious
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outcome: novel test items were (usually) correctly judged to the novel condition, another to the familiar condition, and

to be “new” whereas familiar test items were (usually) cor- the remaining two served as distractors for the post-scan

rectly judged to be “old”. Neuronal differences between the recognition tests. For the auditory conditions, the words were

two kinds of material, therefore, could also reflect differ- digitized in a female voice on a personal computer.

ences in the task outcome. In the present study, we used

a design in which the novelty/familiarity variable was or-

thogonal to other independent and dependent varig®gs 2.4. Procedure

thereby allowing us to examine both behavioral and neural

correlates of novelty free of confoudings. Second, the exis-  Prior to scanning, subjects were familiarized with 8 of the

tence of the postulated novelty “networks” was based on in- 16 word lists (240 stimuli). Four of these lists (120 stimuli)

direct evidence, namely observed differences in the activity were presented visually and the remaining four (120 stimuli)

(blood flow) levels for novel and familiar items in different were presented auditorily. In the first stage of the familiariza-

cerebral regions. In the present study, we sought evidencetion phase, subjects were instructed to read or listen to a list

for functional networks more directly by using the multi- of words and try to remember them for a later memory test.

variate seed voxel partial least squares method (seed PLS) tAuditory words were presented over speakers connected to a

identify functional networks of spatially distributed cerebral computer. Visual words were presented on a computer mon-

regions whose activity is correlated across subjitis28] itor suspended over the scanning bed. Words were presented
at a rate of 1.5 s per item. Immediately following the learn-
ing phase, subjects were given a recognition test. The recog-

2. Methods nition test was the second stage of the familiarization phase,
and contained only target items from the previous study
2.1. Subjects phase. Subjects, however, were not informed of this fact, and

were merely instructed to decide whether they had seen or
Eight right-handed male and eight right-handed female heard eachword. Subjects entered their response by pressing
subjects between the ages of 18 and35:(24) participated ~ One of two buttons on a computer mouse. The test phase was
in the experiment. Each subject was paid $80. The Studyself-paced. Following familiarization in both modalities, the

was approved by the ethics committee of Baycrest Centre €ight scans, as described earlier, were administered.
for Geriatric Care, University of Toronto. Prior to injection of the tracer, subjects were given in-

structions for the upcoming scan. Depending on the experi-
mental condition, subjects were told that they would either
see or hear a list of words, and that they were to either
make living/non-living decisions (semantic condition) about
each word or decide whether each word began with a vowel
(physical condition). No mention of the prior history of the
words (novel/familiar) was made. The task was started at the
time of radio-tracer injection, which preceded actual blood
flow measurement by approximately 30s. During the task,

biect h that h diti di h ubjects either heard words spoken over speakers connected
across subjects such that each condition appeared in each g, 5 computer or saw them on a computer screen suspended

the eight possible scan positions. Following each condition, over the scanning bed. In each scan, one list of words (30

a recognition test was administered. Because of our intereststimu”) was presented at a rate of 3s per item plus a 1s IS|
in identifying functional networks underlying the encoding Responses were made using a two-button mouse. The task

of novel and familiar wor_ds Into _ep|sod|c_r_nemory,_ only continued for approximately 30s after the end of the 1 min
data from the four semantic encoding conditions, which are

more likely to foster long-term encoding, will be reported
here[29,30]

2.2. Design

The experiment consisted of ax22 x 2 factorial de-
sign. Modality of presentation (auditory/visual), levels of
processing (semantic/physical), and novelty of material
(novel/familiar) were manipulated within subjects. The
eight experimental conditions which arise from crossing
these three independent variables were counterbalance

Immediately after each scan, subjects were administered
a recognition test. They were informed that they would
either see or hear a list of words and would have to de-
2.3. Material cide whether each word was present in the immediately
preceding study list. The test consisted of all of the words
A total of 480 five- to eight-letter English words were presented during the preceding scan and an equal number
used (frequency 1-324,= 25.7). The words were divided  of distractors. For the novel conditions, the distractors were
into 16 lists of 30 words each. Eight lists were assigned to new words, whereas for the familiar conditions, the dis-
the auditory condition and the other eight to the visual con- tractors were taken from the familiarization phase. Subjects
dition. Within each modality, four lists were assigned to the entered their response using a computer mouse. The recog-
semantic condition and four lists were assigned to the phys-nition test was self-paced. This procedure was repeated
ical condition. From each set of four lists, one was assigned following each of the eight scans.
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2.5. Scanning and statistical procedures image is expressed by a subject within a condition and is
conceptually similar to a factor score from factor analysis.
Blood flow was measured with a Scanditronix/GEMS The correlation between blood flow in the seed voxel and the
PC 2048-15B PET Scanner usingO-water and 60s  brain scores across subjects and within conditions results in
data acquisition scanf31]. Head movement was mini- scan profiles which are proportional to the singular profiles
mized with a custom-fitted thermoplastic face mask. Im- but have a simpler interpretation because they are correla-
age pre-processing involved realignment of each subject’stions. If these correlations differ between experimental con-
blood flow images to their first image, spatial transforma- ditions, then the singular image will have identified those
tion into the standard stereotaxic atlas space of Talairachbrain regions whose functional connectivity with the seed
and Tournoux32], and spatial smoothing using a 10 mm voxel varies as a function of the experimental manipulation.
isotropic Gaussian filter. All pre-processing steps were For each latent variable, the reliability of the identified
performed with Statistical Parametric Mapping software brain regions in the singular image was assessed by means of
(SPM99, Wellcome Department of Cognitive Neurology, a bootstrap estimation of the standard error. Bootstrapping
London). Prior to the PLS analyses (see below), the dataassesses the reliability of activations by guarding against the
were normalized by setting the mean value of each voxel effects of outlier observations. In bootstrapping, subjects are
across the four semantic encoding scans for each subject to Orandomly selected into the analysis with replacement from
The main purpose of this study was to identify functional the entire group of subjects. For each new sample, the entire
networks[33] of brain structures that participate in the en- PLS analysis is re-calculated. This sampling and analysis
coding of novel and familiar words. To this end, the data procedure was carried out 100 times, resulting in estimates
were analyzed with “seed voxel” or seed P[X5,26,28] of the standard error of the salience at each voxel. The ratio
Seed PLS is a multivariate statistical technique that examinesof the saliences to their standard errors is similarzgseore.
the relationship between brain activity (rCBF) in a target re- We considered clusters of 15 or more voxels in which this
gion (seed voxel) and brain activity (rCBF) across the whole ratio was greater than 3.2 (< 0.001 on a two-tailed
brain as a function of the different experimental conditions. normal distribution) to represent reliable voxels. Orthogonal
The seed PLS procedure consists of three steps. (1) The comProcrustes rotation was used to correct for arbitrary axis
putation of the correlation coefficient between brain activity reflection and rotation during resamplif@y].
in the seed voxel and brain activity at every other voxelinthe  In addition to assessing the reliability of the voxels in
brain across subjects and within conditions. This procedure each singular image, the significance of each latent variable
produces one correlation map per experimental condition. was assessed by a permutation test. In this procedure, each
(2) The correlation maps from the different experimental subject’'s data were randomly reassigned without replace-
conditions are combined into a matrix and decomposed ment to different experimental conditions, and the entire
with singular value decomposition (SVD). SVD produces PLS procedure repeated. Following 500 such randomiza-
mutually orthogonal variables (latent variables; LVs), each tions, the number of times the singular value from the
consisting of a singular image, a singular profile, and a sin- randomized PLS analysis exceeded the singular value from
gular value. The singular image identifies patterns of brain the original PLS analysis was noted.
regions whose activity covaries, as a whole, with activity in
the seed voxel. Each voxel in the singular image is assigned
a salience value, a number representing how strongly the3. Results
voxel represents the experimental effect expressed in the
singular profile. A large positive salience means that the 3.1. Behavior
voxel strongly expresses the effect, whereas a strong neg-

ative salience means that the voxel strongly expresses the Post-scan recognition scores (hits, false alarms, and cor-
oppositeof the effect. The singular profile indicates the rected recognition) for each condition are showamble 1
nature of the relationship between activity in the seed voxel The corrected recognition data were submitted to sa 2

and activity in the regions identified in the singular image

as a function of the different experimental conditions. The Table 1 B

singular value is a measure of the covariance between the”0StScan recognition performance

singular image and the singular profile and indexes the per- Visual Auditory

centage of overall covariance accounted for by each latenty,e

variable. The latent variables are generated in decreasing Hits 0.91 0.90

order of the singular value, thus the first LV accounts for FA 0.04 0.03

the largest proportion of overall covariance and the last LV ~ Corrected 0.87 0.87

accounts for the least. (3) Multiplication of the singular im-  Familiar

age by the raw rCBF images (dot product) for each subject Hits 0.85 0.90

results in individual brain scores. The brain score is an indi- ™ 0.07 0.09
Corrected 0.78 0.81

cation of how much of the pattern represented in a singular
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(modalityx novelty) repeated-measures analysis of variance whose activity distinguishes encoding of novel words from
(ANOVA). The ANOVA revealed a significant main effect the encoding of familiar words.

of novelty, F(1, 15 = 1347, P < 0.01, MSe= 5.21, with We observed two voxels in the ventral hippocampt30
recognition of novel words (0.87) being higher than that —14—-16 and—30—-18—12, that identified patterns of brain
of familiar words (0.80). Neither the main effect of modal- regions whose collective activity correlated with the activity
ity nor the modality by novelty interaction were significant, of these seed voxels differentially as a function of the encod-

both F < 1. ing of novel and familiar words. Because of their proximity
(less than 6 mm apart), these voxels are likely to be part of
3.2. Blood flow a single larger cluster rather than representing functionally

heterogeneous regions within the hippocampus. Therefore,

For seed PLS analysis, the first step is the selection of thewe chose to run a single seed PLS analysis with both voxels
seed voxel. Typically, this voxel is chosen based on previ- included as seeds. The combined seed PLS analysis identi-
ous analyses of the data, theoretical motivation, or both. In fied two significant latent variables. The first latent variable,
the present case, we targeted the hippocampus proper for theaccounting for 31% of the overall covariance & 0.001),
selection of the seed voxel because previous research hagentified a pattern of brain regions whose activity corre-
demonstrated the involvement of the hippocampus in nov- lated with activity in the seed voxels when subjects encoded
elty assessmeifit,11,12,17-2Q]Because of the size of the novel words but not when they encoded familiar words (see
hippocampal region and evidence for its functional hetero- Fig. 1left column middle row). The correlation coefficients
geneity[17,35,36] however, the selection of a single repre- were significantly £ < 0.05) greater than 0 in the two
sentative voxel (a single coordinate in Talairach space) cannovel encoding conditions (visual= 0.81/0.81, auditory
be difficult. We proceeded by selecting a single voxel in each » = 0.88/0.92; first seed/second seed) but not in the two
hippocampal slice along its long axis. The Talairach Dae- familiar encoding conditions (visual= 0.02/—0.16, audi-
mon (TD) databas{37,38] defines the hippocampus along tory r = —0.32/—0.50). The singular image depicting this
seven contiguous slices at 4 mm intervats=£ —20, —16, pattern is shown at the top left ¢fig. 1 (the seed voxel
—12, -8, —4, 0, 4). Within each slice, we took a voxel is circled in black). Brain regions whose activity correlated
at the center of that slice in thé and Y-dimensions (the  positively with activity in the seed voxel (positive saliences)
mean coordinate in botK- and Y-dimensions). Because of are shown in yellows and reds, whereas brain regions whose
the size of spatial autocorrelation in PEF10 mm [39]), activity correlated negatively with activity in the seed voxel
the center of each hippocampal slice can be considered toare shown in blues. Coordinates for both sets of regions are
be representative of activation within the entire slice. The listed inTable 2 The interregional correlations amongst this
seven coordinates that were examined were: <2y —10 set of regions, coded in terms of colors, are shown at the bot-
—20, (2)—30 —14 -16, (3)—30 —18 —12, (4)—30 —24 tom left of Fig. 1 Each row/column of the correlation matri-
-8, (5) —30-33—4, (6)—29-380, (7)—28 -39 4. The ces represents a single voxel in the singular image. The first
right hemisphere homologue of these seven coordinates werdwo columns, separated from the rest of the matrix, represent
also examined. For each coordinate, a seed PLS analysis asorrelations with the seed voxels. The order of these voxels
described above was performed with the goal of identify- match the list of coordinates presentedrable 2 The cor-
ing a network of brain regions, involving the hippocampus, relation matrices show the correlation between activity at a

>

Fig. 1. This figure identifies two distinct patterns of brain regions whose activity is intercorrelated when subjects encode novel words butanot famili
words (LV1; left column) or familiar words but not novel words (LV2; right column). The top row identifies the brain regions associated with each
pattern, overlayed on an average MRI image=(—28 to 36 by 8 mm increments). These patterns were identified with a single seed PLS analysis;
the seed region (left ventral hippocampus30 —14 —16 and—30 —18 —12) is circled in black. Regions whose activity correlated positively (positive
saliences) with activity in the seed region are shown in yellow, whereas regions whose activity correlated negatively (negative salienc@gjyviith act

the seed region are shown in blue. Coordinates for these regions are lisiadlén2 The second row of the figure displays the scan profiles as scatter

plots and linear regression lines, demonstrating the relationship between standardized activity (rCBF) in the seed voxels (ordinate; red—-+8frkers

—14 —16, yellow markers= —30 —18 —12) and standardized activity (brain scores) across the entire pattern of brain regions (abscissa) in each of the
four experimental conditions. The scatter plots on the left show that activity in the two seed voxels is related to activity in the entire pattermgnly d

the novel encoding conditions. The scatter plots on the right show that activity in the two seed voxels is related to activity in the entire pagtern duri
the familiar encoding conditions and the auditory novel encoding condition, but not the visual novel encoding condition. The final row of the figure
shows the correlation between activity in the brain regions identified in each pattern across the four experimental conditions. Each row/calumn in ea
correlation matrix represents one voxel from the corresponding pattern. The order of the columns correspond to the order of the coordinates listed ir
Table 2 Positive correlations between brain regions are indicated in yellows and reds, whereas negative correlations are indicated in light and dark blues
(the correlation matrix is symmetrical about its main diagonal, colored dark red). The first two columns (separated from the rest of the matrix) show
the correlation between activity in the seed voxels (first colamn30 —14 —16, second colume= —30 —18 —12) and activity in the other regions of

the pattern. The four correlation matrices on the left show that the brain regions identified in LV1 are intercorrelated when subjects encodéd novel bu
not familiar words, whereas the correlation matrices on the right show that the brain regions identified in LV2 are intercorrelated when suldgcts enco
familiar but not novel words.
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Table 2

Coordinates of brain regions, identified by seed voxel PLS, whose activity
is intercorrelated with activity in the hippocampus differentially during
the encoding of Novel and Familiar words

X Y 4 Brain region

Latent variable 1—positive saliences

34 —74 —28 Cerebellum
-30 —16 —16 Hippocampus
4 48 —28 Orbital Gyrus (BA 11)
—28 —68 —24 Cerebellum
46 10 —-20 Superior Temporal Gyrus (BA 38)
—6 24 -12 Medial Frontal Gyrus (BA 11)
54 8 8 Precentral Gyrus (BA 44)
—-32 20 -8 Inferior Frontal Gyrus (BA 47)
—48 52 -8 Middle Frontal Gyrus (BA 47 / 10)
24 44 -4 Middle Frontal Gyrus (BA 11)
62 —66 0 Inferior Temporal Gyrus (BA 37)
-8 —64 16 Posterior Cingulate (BA 31)
52 -10 16 Postcentral Gyrus (BA 43)
-8 52 32 Superior Frontal Gyrus (BA 9)
14 34 24 Anterior Cingulate (BA 32)
—36 32 40 Middle Frontal Gyrus (BA 8)

Latent variable 1—negative saliences
-14 —86 -16 Lingual Gyrus (BA 18)
52 —66 -12 Fusiform Gyrus (BA 19)

58 -18 -12 Middle Temporal Gyrus (BA 21)
—24 -102 12 Middle Occipital Gyrus (BA 18)
30 24 20 Inferior Frontal Gyrus (BA 45)
40 32 12 Middle Frontal Gyrus (BA 46)
28 —-92 16 Middle Occipital Gyrus (BA 19)
30 —44 36 Inferior Parietal Lobule (BA 40)

44 —-22 44 Postcentral Gyrus (BA 2)
52 12 44 Middle Frontal Gyrus @86 / 8)

Latent variable 2—positive saliences

-30 -16 -16 Hippocampus

-8 44 —4 Anterior Cingulate (BA 32)
-10 —58 4 Lingual Gyrus (BA 18)

-10 —16 20 Thalamus

—4 —40 32 Cingulate Gyrus (BA 31)
-38 —48 28 Superior Temporal Gyrus (BA 39)
-18 —52 32 Cingulate Gyrus (BA 31)
-10 32 44 Medial Frontal Gyrus (BA 8)
-50 -16 40 Postcentral Gyrus (BA 3)
Latent variable 2—negative saliences
—16 —-92 —28 Cerebellum
—-58 —26 —28 Fusiform Gyrus (BA 20)

62 —24 —24 Inferior Temporal Gyrus (BA 20)
-56 —48 -8 Middle Temporal Gyrus (BA 37)
40 48 -8 Middle Frontal Gyrus (BA 11)
38 22 4 Inferior Frontal Gyrus (BA 45)
42 38 12 Inferior Frontal Gyrus (BA 46)
—-32 40 12 Middle Frontal Gyrus (BA 10)
—44 44 20 Middle Frontal Gyrus (BA 10)

16 16 24 Cingulate Gyrus (BA 32)
-25 46 32 Superior Frontal Gyrus (BA 9)
—-60 —46 40 Inferior Parietal Lobule (BA 40)

given voxel (or seed voxel) and activity at every other voxel
in the singular image. These matrices indicate that during
the encoding of novel but not familiar words, the activity of

regions with positive saliences (regions colored yellow on
the singular image) correlated positively with each other (red

R. Habib et al./Neuropsychologia 41 (2003) 271-279

square at top left of the Novel-Visual and Novel-Auditory
correlation matrices), the activity of regions with negative
saliences (regions colored blue on the singular image) also
correlated positively with each other (red square at the bot-
tom right of the Novel-Visual and Novel-Auditory correla-
tion matrices), but the activity of these two sets of regions
correlated negatively with each other (blue square at the bot-
tom left/top right of the Novel-Visual and Novel-Auditory
correlation matrices). The difference in correlation strength
between the Novel and Familiar conditions (across all vox-
els) was tested by means of a permutation test. The results
revealed that the interregional correlations were collectively
significantly higher (both positively and negatively) during
the Novel encoding condition than the Familiar encoding
condition (visualP < 0.005, auditoryP < 0.001).

The second latent variable, accounting for 25% of the
overall covariance® < 0.05), identified a pattern of brain
regions whose activity correlated with activity in the seed
voxels when subjects encoded familiar words and auditorily
presented novel words but not when they encoded visually
presented novel words (see. 1right column middle row).
The correlation coefficients were significantl® (< 0.05)
greater than 0 in the two familiar encoding conditions (visual
r = 0.84/0.74, auditory- = 0.80/0.87) and the auditorily
presented novel conditiom & 0.53/0.73) but not in the vi-
sually presented novel encoding conditien= 0.26/0.10).
The singular image depicting this pattern is shown at the
top right of Fig. 1 and the coordinates of its component re-
gions are listed ifable 2 The interregional correlations for
this set of regions are shown at the bottom rightaj. 1
The correlation matrices indicate that during the encoding
of familiar but not novel words, the activity of regions with
positive saliences correlated positively with each other, the
activity of regions with negative saliences also correlated
positively with each other, but the activity of these two sets
of regions correlated negatively with each other. The overall
interregional correlation strengths in the Familiar condition
were significantly stronger than in the Novel condition (vi-
sual P < 0.005, auditoryP < 0.005).

4, Discussion

The purpose of the present paper was to explore the idea
that novelty discrimination in the brain is subserved by
large-scale functional neuronal networks. A network here is
defined as a pattern of spatially remote brain regions whose
activity levels (rCBF) are correlated (coherent), or function-
ally connected33], across subjects regardless of whether
the average level of activity in any single component of the
network is different between the experimental conditions.
To examine this question, we measured rCBF, with PET,
while subjects made semantic judgments about visually and
auditorily presented lists of common words that were either
situationally novel (encountered for the first time at en-
coding) or situationally familiar (encountered twice before
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earlier in the experiment). Following each PET scan, we identified in our study also included regions from widely
also measured subjects’ recognition memory for such se-distributed cortical and subcortical areas. Thus, the present
mantically processed and incidentally encoded words. In results indicate that the neurophysiological response to nov-
order to identify networks underlying novelty discrimina- elty and familiarity is associated with the coherent activity
tion, we used the covariance-based seed PLS data analysisf networks of spatially remote cortical and subcortical
method[25,26,40,41] regions in which the hippocampus plays a prominent role.
The central finding of this study was that large-scale neu-  Perhaps the most intriguing specific finding that emerged
ral networks do exist that distinguish between the encod- from our study is that the same region of the hippocampus
ing of situationally novel and situationally familiar items. (same seed voxels) participated in two different networks
It is important to remember that a network is defined in depending on whether subjects were engaged in encoding
terms of the coherent activity of its components, regardless novel or familiar words. This finding provides support for the
of whether or not the overall level of activity of these com- concept of neural context, the principle that the neurocog-
ponent regions distinguishes between the novel and familiar nitive function served by a specific brain region in a given
encoding conditions. Under the conditions of our study, two task is determined through its interaction with other brain
such networks were found. Each network consisted of two regiong40,41,48] Put differently, a single brain region may
subsets of regions: a set whose activity correlated positively underlie different cognitive processes depending on which
with the activity in the seed voxel and with each other, and other brain regions are co-activated with it—its neural con-
another set whose activity correlated negatively with the ac- text. In the present study, the anterior ventral hippocampal
tivity in the seed voxel but positively with each other. The seed region participated in two different non-overlapping
activity of these two sets of regions was negatively corre- networks, one recruited when subjects encoded novel words
lated with each other. Additionally, by design, each network and the other when subjects encoded familiar words. The
was common to both visual and auditory modalifie,39] only region common to both networks was the hippocam-
The two networks differed in that one was coherent for pal seed region, supporting the notion that the function of
novel items but not familiar items, whereas the other was this region (novelty or familiarity discrimination) changes
coherent for familiar items but not novel items. For conve- depending on its neural context.
nience, we refer to the first as a novelty network and the In the present experiment, brain activity was measured
second as a familiarity network. It is important to note that it when words were presented for the first time and again when
is the selectivity of the network for one kind of material but words were repeated. Similar paradigms have been used to
not the other that makes them interesting and distinguishesexamine the neural mechanisms underlying repetition prim-
them from other types of networks that have been previously ing [49-56] (for reviews, se4]). In these studies, brain ac-
discussed in the literatuif@8,33,42—-46] tivity for novel unprimed stimuli has typically been greater,
Our work was initially motivated by an interest in the especially in the left prefrontal cortex, than brain activity for
role that novelty detection may play in long-term memory familiar primed stimuli. This difference in activity, termed
encoding, along the lines suggested by the novelty encod-neural priming, has been hypothesized to underlie behavioral
ing hypothesiq19]. In this respect, we wish to note that repetition priming. However, an equally plausible interpre-
the behavioral data of our study were clear in showing that, tation of these findings is put forth by the novelty encoding
in keeping with the novelty encoding hypothesis and previ- hypothesis: activation in left prefrontal cortex is greater for
ous findingg21-23] recognition of novel words was higher  novel unprimed stimuli than familiar primed stimuli because
than that of familiar words. This outcome occurred under the former type, by virtue of its novelty, is more likely to
conditions where all other experimental conditions, and es- be encoded into long-term memory. At present, these two
pecially the lexical and semantic identity of the words, was interpretation cannot be disentangled (for a discussion of
held constant. Therefore, we can conclude that the noveltythis issue, se¢7]). The present results could therefore be
and familiarity network described here differentiate not just interpreted as networks underlying primed and unprimed
between verbal information previously encountered in the items.
experiment and that not encountered, but between two kinds At the present early stage of the search for evidence of co-
of information that exhibited differences in their memorabil- herent neural networks of any kind, including those involved
ity. Moreover, because storage and retrieval conditions werein novelty and familiarity processing, it would be unwise
held constant for the novel and familiar words, the differ- to take the data provided by any single study too seriously.
ence in their memorability can be attributed to differences Because there have been no comparable studies reported in
in their encoding. the literature, describing interregional correlations associ-
As mentioned earlier, we selected the seed voxels for ated with novelty discrimination, it is not possible for us to
our analysis in the hippocampus because of considerablecompare our findings to what has already been published. It
evidence in the literature about the involvement of the is not without interest, however, that the seed voxels in the
hippocampus in novelty detectida,2,5-20,47] It is also left MTL that we have just discussed at some length turned
generally accepted that novelty detection involves regions out to be within a few millimeters from a voxel that Consta-
beyond the hippocampuy,2,12,17,19,20] The networks ble et al[7] identified as a region that was more active when



278 R. Habib et al./Neuropsychologia 41 (2003) 271-279

subjects viewed complex novel scenes rather than complexEngineering Research Council of Canada (Grant 8632).
familiar scenes. RH is supported by a McDonnell foundation investiga-
Additionally, it is also important to worry about the pos- tor initiated grant to ARM and a Tanenbaum postdoctoral
sibility of “identifying” collections of brain regions that sat-  fellowship.
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