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Abstract: The process of forming new associations between previously unrelated items of information,
such as a name and a face, likely requires the integration of activity within multiple brain regions. The
hippocampus and related structures in the medial temporal lobe are thought to be particularly critical in
binding together items of information. We studied eight healthy young subjects with functional magnetic
resonance imaging (fMRI) during the encoding of novel face-name associations compared to viewing
repeated face-name pairs. A consistent pattern of activation was observed in the hippocampus, pulvinar
nucleus of the thalamus, fusiform and dorsolateral prefrontal cortices across individual subjects. The
location of the activation within the hippocampus was more anterior than previously reported in studies
using similar novel vs. repeated paradigms with stimuli that did not specifically require relational
processing among unrelated items. These data suggest that the process of forming new face-name
associations is supported by a distributed network of brain regions, and provide additional evidence for
the essential role of the hippocampus in associative memory processes. Hum. Brain Mapping 14:129–139,
2001. © 2001 Wiley-Liss, Inc.
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INTRODUCTION

The ability to learn and remember associations be-
tween previously unrelated information is an essential
aspect of episodic memory. Forming an association

between a name and a face is a particularly difficult
associative memory task, because names and faces are
inherently unrelated. Despite the fact that face-name
association is a fundamental requirement of everyday
memory, relatively little is known about the functional
neuroanatomy subserving this process.

Given the critical role of the hippocampus and
related structures in the medial temporal lobe
(MTL) in episodic memory, these regions are partic-
ularly likely to be involved in forming a new face-
name association. The theory that the hippocampus
is essential for “binding” together previously unre-
lated information [Eichenbaum, 1997] is supported
by studies of amnestic patients with focal brain
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lesions [Chalfonte et al., 1996; Schacter and Church,
1995; Squire, 1992], animal models of amnesia
[Squire and Zola-Morgan, 1991] and animal electro-
physiologic work [Bunsey and Eichenbaum, 1993;
Suzuki and Eichenbaum, 2000; Wood et al., 1999]. In
addition, in a meta-review of PET and fMRI studies
of memory processes, Schacter and Wagner [1999]
noted that the studies yielding robust anterior MTL
activations primarily utilized memory paradigms
that required “relational” processing among stimuli.
One of these studies [Henke et al., 1997] directly
compared associative encoding of stimuli vs. non-
associative encoding of the same stimuli, and found
hippocampal and parahippocampal activation only
during the associative learning task.

In addition to the hippocampus, the encoding of
novel face-name associations likely requires the inte-
gration of several other brain regions, including the
prefrontal and fusiform cortices. A large number of
recent functional imaging studies have suggested that
the dorsolateral prefrontal cortex is activated during
memory tasks [D’Esposito et al., 1995; McCarthy et al.,
1996; Rypma and D’Esposito, 1999; Wagner et al.,
1998], and these regions would likely be involved in
the process of associative encoding. In addition, both
human lesion studies and functional imaging work
have implicated a specific region in the right fusiform
gyrus that is critical for the processing of human faces.
[Damasio et al., 1990; Haxby et al., 1996; Kanwisher et
al., 1997; Puce et al., 1995]. Analogous areas in the left
fusiform and lingual gyri have demonstrated activa-
tion during verbal encoding tasks [Martin et al., 1996;
Nobre et al., 1994].

We undertook this study, in healthy young subjects,
to begin to examine the functional neuroanatomic net-
works subserving associative encoding. We chose to
use unfamiliar faces with first names, which are inher-
ently unrelated and thus require the formation of a
novel association. Many of the above mentioned brain
regions, specifically the hippocampal formation and
the prefrontal cortices, have also been implicated in
the detection of novelty. Previous studies have re-
ported activation in posterior hippocampal and para-
hippocampal regions during the encoding of novel vs.
repeated complex visual scenes [Rombouts et al., 1997;
Stern et al., 1996]. To test the hypothesis that the
encoding of novel associations would activate more
anterior regions of the hippocampus, we chose to ex-
amine the encoding of novel face-name associations
compared to viewing repeated face-name pairs, using
functional MRI.

METHODS AND MATERIALS

Subjects

Eight right handed, English speaking healthy vol-
unteers, age 22–32, were recruited through advertising
at local universities. There were six females and two
males. Subjects were screened for history of neuro-
logic or psychiatric illness, and for any contraindica-
tion to MR imaging. None of the subjects were taking
prescription or over-the-counter medications with
central nervous system effects. All subjects were
scanned during the morning hours. This study was
approved by the Human Research Committee of the
Massachusetts General Hospital. All subjects provided
written informed consent.

Cognitive activation task

The task consisted of viewing faces unfamiliar to the
study subjects paired with fictional first names, in a
modified Novel vs. Repeated design [Stern et al.,
1996]. Subjects were given explicit instructions to try
to remember which name was associated with which
face for later testing.

Stimuli

The face-name stimuli consisted of a face shown on
a black background with a fictional first name printed
underneath the face, forming a face-name pair. The
faces were digital color photographs taken of individ-
uals previously unknown to the subjects, with a digital
camera (Fuji 800) with resolution of 924 3 1,096 mp.
The faces were of individuals who varied in age
(range 18–90) and ethnicity, with equal numbers of
male and female faces. Popular first names were ob-
tained from the public lists on the Internet of the most
commonly used names for each decade from 1910
through 1990. First names were assigned to each face
by the investigators.

Task conditions

The fMRI activation task consisted of three condi-
tions (see Fig. 1):

1. Novel Face-Name Pairs: Each face-name pair was
presented for 5 sec, followed by a brief (0.8 sec)
white central fixation crosshair on a black back-
ground. Subjects viewed seven novel face-name
pairs during each Novel block.

2. Repeated Face-Name Pairs: Subjects examined
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two repeated face-name pairs (one male and one
female). These two repeated face-name pairs
were first shown to the subject in a practice run,
so that they were already familiar to the subjects
at the beginning of the functional runs. As with
the novel face-name pairs, each repeated face-
name pair was shown for 5 sec, followed by a
brief (0.8 sec) central fixation crosshair. The male
and female face-name pairs alternated through-
out each Repeated block.

3. Visual Fixation: Subjects examined a white fixa-
tion cross (1) presented in the center of the visual
field on a black background, to focus the subject’s
attention in the visual domain.

Six runs, each consisting of the format in Figure 1,
were obtained on each subject in rapid succession.
Before the scanning session and before each run, sub-
jects were given explicit instructions to try to remem-
ber the name associated with each face. A total of 86
face-name pairs were used over the course of the
entire experiment (84 novel and two repeated). Each
face-name pair in the Novel condition was seen only
once by each subject, whereas the two Repeated Face-
Name Pairs were each seen a total of 45 times over the
course of the scanning session.

Visual stimuli were presented using a Macintosh
Computer (Apple) connected to a Sharp 2000 color
LCD projector. Images were projected through a col-
limating lens (Buhl Optical) onto a screen attached to
the head coil during functional data acquisition.

Post-scan testing

Immediately following the imaging session, subjects
were tested for their memory of a subset of the face-
name pairs. Twelve faces were presented: six from the
set of novel face-name pairs, four distractor faces (not
presented during the experiment), and the two faces
from the repeated face-name pairs presented through-
out the scanning session. Subjects were asked to indi-
cate if they had seen the face before with a yes/no

answer, and if yes, to recall the name associated with
the face.

Image acquisition

Structural and echo planar functional images were
acquired on a 3.0 Tesla General Electric scanner with
ANMR upgrade (Advanced NMR Systems, Wilming-
ton, MA). The standard GE quadrature head coil was
used. Subjects were positioned in the head coil with a
cervical collar and foam padding to reduce head mo-
tion.

A sagittal localizer scan was first performed for
positioning of the slice planes, followed by an auto-
mated shim procedure to improve B0 magnetic field
inhomogeneity [Reese et al., 1995]. A spoiled gradient
echo (SPGR) scan, consisting of 60 slices (resolution
1.6 3 1.6 3 2.8 mm), was obtained for registration
with the functional data for anatomic localization.

Functional data were acquired using an asymmetric
spin echo T2* weighted Blood Oxygen Level Depen-
dent method (BOLD) with TR 5 2,500 msec, TE 5 40
msec, and Flip angle 5 90. Voxel dimensions 5
3.125 3 3.125 3 8.0 mm. Twenty slices (7 mm thick; 1
mm gap between slices) were acquired in a coronal
orientation, perpendicular to the anterior commissure-
posterior commissure (AC-PC) line. This orientation
was chosen to maximize the in-plane resolution within
the hippocampus and reduce partial voluming be-
tween hippocampal and parahippocampal regions.
Images were acquired beginning at the occipital pole.
This acquisition protocol provided nearly whole brain
coverage, but in some subjects excluded the most an-
terior extent of the frontal pole. Scanning time for each
functional run was 4 min and 15 sec, consisting of 102
time points (four for T1 stabilization and 98 for func-
tional data collection). A total of six functional runs
per subject were acquired.

Image analysis

All functional data were motion-corrected [Jiang et
al., 1995] based upon Woods et al [1992]. The motion
correction program results in the loss of the first and
last slice, yielding 18 coronal slices for subsequent
analysis. Runs showing greater than 2 mm of move-
ment were excluded, resulting in an average of 5.1
usable runs per subject. The motion corrected runs
were then averaged (timepoint to timepoint) to yield a
single mean run of 98 timepoints for each of the 18
coronal slices.

To allow averaging across subjects, both the func-
tional and structural image data were aligned in stan-

Figure 1.
Diagram of “Block Design” fMRI paradigm, showing Novel Face-
Name Pairs, Repeated Face-Name Pairs and Fixation (1) condi-
tions. Each functional “Run” lasted for 4 min and 5 sec, and a total
of six runs were shown to each subject.
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dard stereotaxic coordinate system [Talairach and
Tournoux, 1988], using trilinear interpolation [Bush et
al., 1996]. This transformation yielded 57 slices in the
coronal orientation (voxel dimension, x,y,z: 3.13 3
3.13 3 3 mm).

Statistical maps, identifying voxels with significant
positive task-related signal changes, henceforth re-
ferred to as “activation” for individual subject data,
were generated using a non-parametric test, the Kol-
mogorov-Smirnov (K-S) statistic [Press et al., 1992].

Activation maps were generated in two ways: 1) the
KS statistic was applied to the individual motion-
corrected data, before Talairach transformation, to ex-
amine activation in relation to individual subjects; and
2) the KS statistic was applied to both the individual
and group averaged data after transformation into
stereotaxic space.

A cluster-growing algorithm was used to identify
the location (in Talairach coordinates) of the maximal
activation within each cluster in the statistical maps
[Bush et al., 1998]. To minimize the possibility of false
positive results [Aguirre et al., 1998] only activations
with clusters of greater than 5 voxels and P , 0.001
were considered significant for individual subject
data. For the group data, activations with clusters
greater than 10 contiguous voxels and P , 0.00001
were considered significant. In addition, the percent
change in BOLD signal intensity was calculated for
regions showing significant activation [Manoach et al.,
2000; Rauch et al., 2000] for correlation with the be-
havioral data.

RESULTS

Activation maps were generated for 3 contrasts: 1)
Novel Face-Name Pairs vs. Visual Fixation (Novel vs.
Fixation), which primarily provided information re-
garding the encoding of complex visual face-name
stimuli compared to a low level visual fixation; 2)
Repeated Face-Name Pairs vs. Visual Fixation (Re-
peated vs. Fixation), which primarily provided infor-
mation regarding the viewing of familiar complex vi-
sual stimuli compared to fixation; and 3) Novel Face-
Name Pairs vs. Repeated Face-Name Pairs (Novel vs.
Repeated), which held the visual complexity of the
stimuli constant, and thus provided information re-
garding the encoding of novel face-name associations
compared to viewing well-learned face-name associa-
tions.

Table I presents the location, volume and signifi-
cance levels for the activated regions for each of these
comparisons. The most noteworthy patterns of activa-
tion will be discussed by anatomic region below.

Hippocampal formation

The peak activation in the group data for the Novel
vs. Repeated activation (P , 1 3 1029, KS statistic)
localized to the right anterior hippocampus (Talairach
x,y,z coordinates of peak voxel: 21, 218, 212). Figure
2A shows the group averaged KS map superimposed
on the group averaged T1 structural data in the coro-
nal plane. Figure 2B shows the BOLD signal time
course for the peak voxel within the hippocampus
showing significant paradigm linked activation.

Significant activation within the hippocampal for-
mation (defined here as the hippocampus, subicular
complex and the adjacent entorhinal cortex [Van
Hoesen and Hyman, 1990]) was observed in all sub-
jects for the Novel vs. Repeated contrast. The extent
and location of the peak activation varied somewhat
among the eight subjects (Fig. 3A). Five out of the
eight subjects showed significant activation primarily
in the right anterior hippocampus, two showed bilat-
eral activation in the anterior and posterior hippocam-

Figure 2.
Activation map for group averaged data for the Novel vs. Re-
peated contrast is shown superimposed on the group averaged
structural SPGR image (above), showing significant activation in
the right anterior hippocampus (Talairach coordinates 21, 218,
212). Color scale indicating significance values is shown on the
right. The MR signal from the voxel showing most significant
activation (P , 1.3 3 1029) within the right hippocampus (below).
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pal formation and one subject showed activation pri-
marily in the left hippocampus and entorhinal cortex.

In the Novel vs. Fixation contrast, the activation
pattern was much less consistent. Although some in-
dividual subjects showed significant activation within
the hippocampal formation, several of the subjects
demonstrated activation that was either superior or
medial to the hippocampus (Fig. 3B). There was not a

significant peak in the group data within the hip-
pocampal formation or adjacent regions in the Novel
vs. Fixation contrast.

No significant activation was seen in the hippocam-
pal formation for the Repeated vs. Fixation compari-
son. A small region at the amygdala/anterior hip-
pocampal border (12, 26, 215) showed a significant
deactivation in the Repeated vs. Fixation contrast.

TABLE I. Summary of activations by contrast

Region
Brodmann

area

Talairach coordinates for
max. voxel

Number of
voxels SignificanceX Y Z

Novel vs. Fixation
Striate 17 29 281 6 924 4.1 3 10213

Fusiform 19 43 266 221 1892 9.6 3 10215

19 246 263 218 909 9.6 3 10215

Anterior fusiform 37 43 248 218 377 9.6 3 10215

Superior parietal 7 25 260 40 68 5.2 3 1028

7 225 254 46 25 2.3 3 1029

Pulvinar 215 233 3 479 6.5 3 10214

15 230 6 275 1.4 3 10211

Caudate 29 26 12 15 2.2 3 1027

Prefrontal 6/8 240 6 34 419 6.5 3 10214

44/45 246 18 15 212 1.4 3 10211

46 231 45 15 14 1.2 3 1028

46 43 27 21 348 4.6 3 10213

Orbital frontal 11 25 27 29 14 8.4 3 1027

Medial frontal 9 0 48 37 110 4.3 3 1028

Repeated vs. Fixation
Fusiform 19 234 287 23 464 1.6 3 10211

19 12 284 23 701 1.4 3 10211

37 237 254 29 363 1.4 3 10211

Extrastriate 18 40 284 12 225 4.1 3 10213

18 37 284 215 490 1.6 3 10211

Novel vs. Repeated
Superior parietal 7 225 257 46 223 1.3 3 1029

7 31 266 28 190 3.0 3 1028

Fusiform 37/20 243 254 0 2153 1.8 3 10213

37/20 37 257 29 1751 7.7 3 10212

Pulvinar 218 236 3 441 4.6 3 10211

12 233 6 152 1.3 3 1029

Hippocampus 21 218 212 70 1.3 3 1029

Superior temporal sulcus 22 262 0 0 28 1.3 3 1027

Caudate 215 3 12 211 3.0 3 1028

Prefrontal 6/8 221 12 53 479 3.0 3 1028

8/9 212 39 46 147 1.3 3 1029

44 43 6 28 430 1.3 3 1029

45/46 243 18 18 885 1.8 3 10213

45/46 28 21 6 125 3.0 3 1028

Orbital 11 25 27 215 77 1.3 3 1029

11 29 42 26 56 2.6 3 10210

Medial frontal 32 26 12 46 522 7.7 3 10212
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Prefrontal

Highly significant activations were found in bilateral
prefrontal regions in both the Novel vs. Fixation and
Novel vs. Repeated contrast in all subjects. No prefrontal
activation was seen in the Repeated vs. Fixation contrast.
There were 2 distinct regions of activation within the
dorsolateral prefrontal cortex (Fig. 4).

The first region of prefrontal activation was located
primarily within Brodmann area (BA) 45, extending an-
teriorly into BA 46. The second prefrontal region was
more superior and posterior primarily in BA 8/9, and
extended into BA 6 posteriorly and BA 44 inferiorly.
Both of these prefrontal regions were present bilaterally,
but showed greater extent of activation on the left than
the right in the Novel vs. Repeated comparison. Activa-
tion was also observed in orbital prefrontal regions bi-
laterally (BA 11) and in medial frontal regions (BA 8/9)
in the Novel vs. Repeated contrast.

Fusiform gyri, extrastriate and striate cortex

Highly significant activations (P , 1 3 10212) were
observed bilaterally in the fusiform gyri and adjacent
visual association cortices. The Novel vs. Fixation con-
trast yielded contiguous activation extending from the
striate cortex (BA 17), posterior extrastriate and fusi-
form regions (BA 19), mid-fusiform (BA 37) into the
anterior fusiform (BA 20) and parahippocampal gyrus
(BA 36) (Fig. 5).

The Novel vs. Repeated comparison also yielded
significant activation in bilateral fusiform gyri, extend-
ing anteriorly and medially into the parahippocampal
gyrus (21, 233, 215), but not in striate and posterior
extrastriate cortices. The Repeated vs. Fixation con-
trast showed significant activation only in more pos-

terior fusiform regions (237, 254, 29), extrastriate
and striate cortices.

Basal ganglia and thalamus

Significant activation was observed in the caudate
nucleus (left greater than right) and in the pulvinar
nucleus of the thalamus bilaterally. The pulvinar acti-
vation was most prominent in the Novel vs. Fixation
comparison, but was present to a lesser extent in the
Novel vs. Repeated contrast.

Post-scan testing

The mean performance on the facial recognition
task was 94.1 6 7.1% correct. Free recall for the name
associated with the face was 58.3 6 18.2% correct. All
subjects correctly recalled the names associated with
the faces of the repeated face-name pairs. No informa-

Figure 3.
Activation maps for individual subjects shown superimposed on
individual SPGR coronal images re-oriented into standardized co-
ordinate system. Images showing the greatest extent of significant
activation (P , 0.001 at individual subject level) in medial temporal
regions are shown for each subject for the Novel vs. Repeated

(NvR, above) and the Novel vs. Fixation (NvF, below) contrasts.
Although the extent and magnitude of activation varied, all sub-
jects demonstrated significant activation within the hippocampal
formation for the NvR contrast. The NvF contrast yielded a less
consistent pattern of activation within the medial temporal lobe.

Figure 4.
Activation map for group averaged data for the Novel vs. Re-
peated contrast showing significant activation in two locations
within prefrontal cortex (shown on left) Brodmann areas 9/44,
(Talairach coordinates for peak activated voxel x,y,z 243, 9, 31)
and (shown on right) Brodmann areas 45/46 (28, 21, 6).
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tion was collected as to the strategies employed by
subjects.

To examine potential relationships between these
memory test scores and degree of activation, we ex-
amined the correlations with the percent BOLD signal
change in activated regions. There was a trend toward
statistical significance between the percent correct on
the facial recognition task and the percent BOLD sig-
nal change in the Novel vs. Repeated comparison in
the right fusiform gyrus (R 5 0.49, P , 0.07, Spear-
man’s Rank). No other regions showed correlations
approaching statistical significance.

DISCUSSION

These findings indicate that the encoding of novel
face-name associations is subserved by a distributed
functional network of brain regions, including the hip-
pocampal formation, dorsolateral prefrontal cortex,
pulvinar nucleus of the thalamus, fusiform and adja-
cent areas of visual association cortex. The activation
in these regions was highly significant and the pattern
of activation was very consistent across individual
subjects.

Although early attempts to activate the hippocam-
pus with functional imaging experiments were disap-
pointing, recent studies have increasingly demon-
strated reliable activation in the hippocampus and
related medial temporal lobe (MTL) structures during
memory tasks (e.g., [Bookheimer et al., 2000; Brewer et
al., 1998; Dolan and Fletcher, 1997; Gabrieli et al., 1997;
Martin et al., 1997; Schacter et al., 1996; Stark and
Squire, 2000; Stern et al., 1996; Strange et al., 1999;
Wagner et al., 1998]). These imaging studies, however,
have not created a consensus regarding the exact role

of the hippocampal system in memory processes. Sev-
eral explanatory models have been put forth (for re-
view see [Cohen et al., 1999]). Two theories relevant to
our paradigm, are the role of the hippocampus in
novelty detection [Dolan and Fletcher, 1997; Strange et
al., 1999; Tulving et al., 1996], and the role of the
hippocampus in relational or associative memory pro-
cessing [Dolan and Fletcher, 1997; Henke et al., 1997;
Rombouts et al., 1997; Vandenberghe et al., 1996], each
with supporting data from multiple functional imag-
ing studies.

Our finding of consistent activation within the hip-
pocampus is similar to the pattern of activation seen in
the hippocampus with several other paradigms re-
quiring associative memory processing [Dolan and
Fletcher, 1997; Henke et al., 1997; Rombouts et al.,
1997; Vandenberghe et al., 1996]. The activation in the
anterior portion of the hippocampus was particularly
striking, and is consistent with the hypothesis that
anterior regions of the hippocampus may be essential
for the encoding of associations between previously
disparate items of information [Schacter and Wagner,
1999], acting to “bind” together the distributed repre-
sentations of the information [Eichenbaum et al., 1996;
Mishkin et al., 1998; Squire and Zola-Morgan, 1991;
Wallenstein et al., 1998].

As noted above, an alternative theory for the role of
the hippocampus, is that the hippocampus may be
primarily involved in novelty detection, which in turn,
may facilitate encoding [Dolan and Fletcher, 1997;
Strange et al., 1999; Tulving et al., 1996]. Recent event-
related fMRI studies, however, have suggested that
activity during encoding in the hippocampus and re-
lated regions in the MTL predicted the success of
retrieval among novel stimuli [Kirchhoff et al., 2000;
Wagner et al., 1998], and thus is not merely involved
in the detection of novel stimuli. Because this current
study used a “block design” paradigm that compared
the encoding of Novel face-name associations to Re-
peated or highly overlearned face-name associations,
we cannot fully separate the contribution of novelty
detection from associative encoding to the hippocam-
pal activation. It is notable, however, that the location
of the activation within the hippocampus in our study
is more anterior (Y 5 215 to 218) than most other
reports using nearly identical Novel vs. Repeated par-
adigms with less overtly associative stimuli [Bates et
al., 1997; Rombouts et al., 1999; Stern et al., 1996]. This
finding suggests that, at the very least, the anterior
hippocampus may be more responsive to novel asso-
ciations than to novel stimuli that are not associative
in nature.

Figure 5.
Activation map for group averaged data for Novel vs. Fixation
contrast in the fusiform gyri (Brodmann areas 37/20, Talairach
coordinates for peak activated voxel 43, 248, 218).
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It should be noted, however, that in apparent con-
flict with the above hypothesis, a recent study by
Strange et al. [1999] suggested that anterior hippocam-
pal activation was seen with novelty for perceptual
characteristics whereas posterior hippocampal activa-
tion was seen with novelty for semantic exemplars.
Activation in the right anterior hippocampus was also
recently reported [Curtis et al., 2000] with object and
spatial alternation tasks using repeated stimuli, which
could be construed as evidence against the novelty
hypothesis. Curtis et al. [2000] noted, however, that
their tasks required “relational or contextual binding”
that may have been novel to each stimulus trial. An
alternative hypothesis for our result, as well as that of
Curtis et al. [2000], is that the hippocampus might be
involved in processing “interference” from previous
memories of particular stimuli. Although the faces
were unfamiliar to all subjects, the first names were
common names that were likely previously associated
with different faces in different contexts. Future ex-
periments using event-related techniques to compare
encoding of novel face-name associations with encod-
ing of novel non-associative stimuli may help to re-
solve the independent contributions of novelty and
relational processing.

Although the activation in the hippocampus for the
Novel vs. Repeated comparison was quite consistent
across subjects, the apparent lack of activation in the
hippocampus proper for the Novel vs. Fixation com-
parison remains somewhat puzzling. One potential
explanation would be that the Repeated stimuli in-
duced a priming effect with a reduction in activity
below the fixation baseline. We did observe a small
region showing deactivation in the Repeated vs. Fix-
ation at the border of the amygdala and anterior hip-
pocampus. This deactivation was quite circumscribed
and was located anterior to the peak activation ob-
served in the hippocampus for the Novel vs. Repeated
contrast, and as such, is likely not the entire explana-
tion for the apparent lack of activation in the Novel vs.
Fixation contrast.

Although several subjects showed significant acti-
vation within the hippocampus proper for the Novel
vs. Fixation comparison, many of the subjects demon-
strated activation in regions superior to the hippocam-
pus in this contrast. We did not observe a peak in this
region in the group averaged data, likely because of
the variability in the location of activation among
individual subjects in the Novel vs. Fixation contrast.
We initially thought this may have been a problem
with misregistration or individual anatomic variation,
but even within individual subjects, the peak activa-
tion for Novel vs. Fixation was frequently superior to

the activation seen for the Novel vs. Repeated con-
trast. We have also observed this finding in a subse-
quent experiment using a similar paradigm with dif-
ferent subjects on a different magnet system [Sperling
et al., 2001]. The anatomic substrate for the activation
superior to the hippocampus remains unclear, and
may represent the confluence of activation from
smaller structures such as the tail of the caudate nu-
cleus or the lateral geniculate with the hippocampus.
Alternatively, this region could represent an anterior
extension of pulvinar activation or a superior and
posterior extension of the amygdala activation for the
Novel vs. Fixation contrast, but the activation ap-
peared to be distinct from these other regions in most
individual subjects. It is also possible that this appar-
ent activation is due to signal changes in draining
veins running superior to the hippocampus. Future
experiments using thinner slices and high resolution
anatomic imaging will be useful to determine the ex-
act origins of activation within this region.

Our findings regarding activation in the prefrontal
cortex are consistent with a large number of recent
functional imaging studies using encoding paradigms
[D’Esposito et al., 1995; Wagner et al., 1998] and pro-
vide additional evidence for a critical role of the pre-
frontal cortex in the formation of new associations.
The significance of the lateralization of prefrontal ac-
tivation remains unclear. Our subjects showed robust
activation in dorsolateral and inferior prefrontal re-
gions bilaterally, but to a greater extent in the left
hemisphere. Although some reports have suggested
that the lateralization of activation in prefrontal re-
gions is associated with encoding vs. retrieval require-
ments of the task [Tulving et al., 1994], others have
suggested that prefrontal cortices show hemispheric
specialization based on the content of the stimuli
[Kelley et al., 1998]. Kelley et al. [1998] reported left
prefrontal activation during word encoding, and right
prefrontal activation during face encoding, and bilat-
eral prefrontal activation for “namable objects.” Our
finding of bilateral activation in these prefrontal re-
gions is consistent with these results, as our task re-
quired encoding of both facial and verbal stimuli. The
extent of activation, however, was greater on the left
than the right, particularly in BA 8 and 45, perhaps
suggesting a more extensive role for left prefrontal
cortex in the encoding of associations between verbal
and non-verbal stimuli.

Interestingly, we observed the opposite lateraliza-
tion in regions within the medial temporal lobe, with
the right anterior hippocampus showing greater acti-
vation than the left. Several studies have shown con-
tent specific lateralization in the hippocampus and
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adjacent MTL regions, with faces typically activating
right MTL regions [Kelley et al., 1998], and verbal
material activated left MTL regions [Kirchhoff et al.,
2000; Wagner et al., 1998]. Our findings are consistent
with Haxby et al [Haxby et al., 1996] who reported
activation in the left dorsolateral prefrontal cortex and
the right hippocampus during encoding of novel
faces.

Our findings also suggest that the fusiform gyrus, in
addition to its role in facial processing [Damasio et al.,
1990; Kanwisher et al., 1997], may also be involved in
the encoding of novel face-name stimuli. In our study,
a large portion of the anterior fusiform gyri showed
increased activity to Novel vs. Repeated face-name
pairs, suggesting that region may be directly involved
in encoding facial stimuli. A recent PET study also
suggested that the degree of activation in the fusiform
correlates with successful encoding of face stimuli,
above and beyond the visual processing of the face
[Kuskowski and Pardo, 1999]. Other studies have sug-
gested that anterior fusiform and more “downstream”
anterior/inferior temporal regions may be differen-
tially activated by famous vs. non-famous faces [Ryan
et al., 1998; Sergent et al., 1992; Tempini et al., 1998]
suggesting that these areas of association cortex may
be directly involved in recognizing whether a face is
familiar.

We did not observe significant correlations between
the percent signal change in any region with the re-
sults of post-scan memory testing, although as indi-
cated above, there was a trend toward significance in
the fusiform region. It should be noted that we only
tested recognition of a small number of the novel
face-name pairs presented during the experiment and
had a relatively small range of the percent correct
responses on both memory measures, thus we likely
did not have the data to perform optimal correlational
analyses. Studies with event-related techniques, focus-
ing on successful vs. failed encoding of face-name
associations, should yield more information on brain-
behavioral correlations.

We chose to use a face-name associative task, be-
cause faces and names are inherently unrelated, and it
is widely acknowledged that proper names are partic-
ularly difficult to remember [Cohen, 1990]. It remains
unclear whether the problem lies in learning (encod-
ing) the name or recalling (retrieval) the name or in
both processes. There are several theories as to why
proper names might be particularly difficult to en-
code, as proper names are: 1) unique [Burton and
Bruce, 1992], 2) arbitrary and often inherently mean-
ingless [Cohen, 1990], and 3) difficult to “visualize” or
“image,” which is a common mnemonic device to

form associations [McCarty, 1980]. All of these prop-
erties make forming an “association” between a name
and a face particularly troublesome [Cohen and
Burke, 1993]. We hypothesized that this difficult
paired-associate learning task would engage the hip-
pocampal system.

Our findings support the role of the anterior hip-
pocampus in the encoding of novel associations, and
suggest that there is a functional network of brain
regions subserving associative memory for names and
faces. The robust activation using the face-name par-
adigm we observed in young subjects, suggest that
this paradigm might prove useful in examining the
alterations in the patterns of activation that may occur
in healthy aging and in early Alzheimer disease.
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