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Abstract
Whether or not the hippocampus participates in semantic memory retrieval has been the focus of
much debate in the literature. However, few neuroimaging studies have directly compared
hippocampal activation during semantic and episodic retrieval tasks that are well matched in all
respects other than the source of the retrieved information. In Experiment 1, we compared
hippocampal fMRI activation during a classic semantic memory task, category production, and an
episodic version of the same task, category cued recall. Left hippocampal activation was observed
in both episodic and semantic conditions, although other regions of the brain clearly distinguished
the two tasks. Interestingly, participants reported using retrieval strategies during the semantic
retrieval task that relied on autobiographical and spatial information; for example, visualizing
themselves in their kitchen while producing items for the category kitchen utensils. In Experiment
2, we considered whether the use of these spatial and autobiographical retrieval strategies could have
accounted for the hippocampal activation observed in Experiment 1. Categories were presented that
elicited one of three retrieval strategy types, autobiographical and spatial, autobiographical and
nonspatial, and neither autobiographical nor spatial. Once again, similar hippocampal activation was
observed for all three category types, regardless of the inclusion of spatial or autobiographical
content. We conclude that the distinction between semantic and episodic memory is more complex
than classic memory models suggest.
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Introduction
It is clear that the hippocampus plays an essential role in the formation and retrieval of episodic
memories. In fact, recent fMRI evidence suggests that the hippocampus participates in the
successful retrieval of episodic information and autobiographical events, especially detailed
contextual information, even for events that occurred over 20 years ago (Ryan et al., 2001; for
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review, see Nadel et al., 2007). In contrast, debate continues regarding whether or not the
hippocampus is critical for the retrieval of semantic memories, including personal semantics
and world knowledge. Much of the evidence on both sides of this debate comes from patients
with medial temporal lobe damage. In a recent review, Moscovitch et al. (2006) concluded that
retrograde amnesia for semantic memory is either spared completely or confined to a period
of about 10 years prior to the head injury, providing that the damage is limited primarily to the
hippocampal formation. In contrast, Squire and others (Squire & Zola, 1998; Manns, Hopkins,
& Squire, 2003; Luo & Niki, 2002; Squire, Stark, & Clark, 2004) emphasize that at least some
amnesics appear to have significant deficits in semantic memory retrieval, even for well-
established world knowledge. Semantic memory impairment tends to be more extensive if the
damage includes other medial temporal lobe (MTL) and neocortical structures and can reach
the same level of deficit as autobiographical memory loss, or even exceed it, in some patients
(Bayley et al., 2003, 2005; but see Maguire, 2005).

Neuroimaging evidence is even less consistent than lesion studies regarding hippocampal
involvement in episodic, but not semantic, retrieval. A growing number of studies have reported
MTL activity during tasks that require access to semantic knowledge, including hippocampal
activation during retrieval of public events (Maguire, 2001) and famous faces (Kapur et al.,
1995; Leveroni et al., 2000; Bernard et al., 2004), and parahippocampal gyrus activation for
famous faces (Haist, Gore, & Mao, 2001) and famous names (Douville et al., 2005). A handful
of neuroimaging studies focusing on semantic spatial knowledge have also found activation in
hippocampal and adjacent MTL structures. For example, Maguire et al. (1997) reported
activation in parahippocampal gyrus when experienced London taxi-drivers were required to
find novel routes from one location to another when familiar routes were blocked. Few
neuroimaging studies, however, have made a direct comparison between episodic and semantic
retrieval tasks that are well matched in other respects, including the type of stimuli presented,
the familiarity of the stimuli, and the responses made by the participant, while varying only
the source of the retrieved information. In one such study, Maguire et al. (1999) compared yes/
no recognition for autobiographical events and public events and found hippocampal activation
during both semantic and episodic retrieval, although the level of activation was greater for
episodic events. Duzel et al. (1999) also matched conditions carefully in a 2×2 design crossing
semantic living/nonliving judgments with recognition old/new judgments. In contrast to
Maguire’s (1999) results, however, they found activation in medial temporal lobe only when
comparing recognition judgments (old>new) but not semantic judgments.

The discussion of whether or not the hippocampus is involved preferentially in retrieval of
semantic and episodic memory assumes that these two types of memory are independent of
one another, and this may not be the case. Tulving’s recent work (Tulving, 2005) has outlined
the many similarities across these two types of memories. Barsalou and colleagues (Barsalou,
1983, 1988; Barsalou & Sewell, 1985) have suggested that semantic memory is contextually
bound to autobiographical information, such that episodic memory is frequently used to
generate semantic information. For example, Vallée-Tourangeau et al. (1998) asked
participants to generate category exemplars to such common categories as kitchen utensils or
food items, and then asked them to describe the strategies they used to generate the items. In
over 70% of the common categories, participants reported using a strategy involving a
personally familiar context, such as imagining their own kitchen, or walking through the aisles
of their neighborhood grocery story (see also Walker & Kintsch, 1985, and Williams & Hollan,
1981). Category production tasks are used widely in neuropsychological evaluations to assess
the integrity of semantic memory (Lezak, 2004; Andrewes, 2001). If episodic memory is
preferentially used by neurologically normal individuals to generate semantic information in
such classic semantic tasks as category production, then patients with hippocampal damage
should show impairment on this task. Contrary to this notion, patients with MTL amnesia are
most often reported as normal on category production tasks (Schmolck, Kensinger, Corkin, &

Ryan et al. Page 2

Neuropsychologia. Author manuscript; available in PMC 2009 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Squire, 2002). However, one study (Gleissner & Elger, 2001) has reported that patients with
lesions restricted to the hippocampal complex generate fewer exemplars during category
production than normal individuals or patients with non-hippocampal temporal lobe lesions.
In addition, Pihlajamaki et al. (2000) reported fMRI activation in the left hippocampus and
adjacent parahippocampal gyrus when normal young subjects generated typical category items.

Clearly, sufficient ambiguity exists in the literature to warrant further investigation of whether
or not the hippocampus is engaged during semantic retrieval, particularly given the critical
importance of this issue for theories of memory consolidation (for review and discussion, see
Moscovitch et al., 2006). In the present study, we used a typical category production task where
participants generate exemplars to category names such as modes of transportation or kitchen
utensils. In Experiment 1, we compared episodic and semantic versions of the task that differed
only in the source of the exemplars that were generated – semantic memory (categorical world
knowledge) or episodic memory (a single learning episode that occurred 24 hrs earlier). Note
that we define episodic memory here narrowly, referring only to the ability to recall information
from a prior event that is bounded by a single spatial-temporal context, and not in the broader
sense of requiring an assessment of autonoetic consciousness, or the sense of recollecting, as
Tulving (2005) has recently described.

In a second experiment, we compared retrieval within semantic memory for categories that
were designed to elicit different types of retrieval strategies. Previous research (Barsalou,
1988; Vallee-Tourangeau et al., 1998) has shown that some, but not all, categories elicit the
use of personally familiar spatial contexts (such as their garage or a kitchen) when participants
are asked to generate category items. Other categories (such as things that are red or expensive
things) do not elicit these contextual strategies. We examined whether or not the presence of
spatial and autobiographical strategies during category production would determine whether
or not activation is observed in the hippocampus and other MTL regions.

Experiment 1
Methods

Participants—Participants were healthy University of Arizona undergraduate and graduate
students who gave written informed consent and received course credit as compensation. All
experimental procedures were approved by the University of Arizona institutional review
board. Exp. 1 included 10 participants (5 males, 5 females; mean age 24.5, range 19 to 36 yrs;
mean years of education 14.2, sd 3). All participants were screened for prior significant head
injury, drug or alcohol abuse, psychiatric disorder, and contraindications to MRI.

Materials—Thirty categories were selected from the Battig and Montague (1969) norms and
a more recent category normative dataset (Van Overschelde et al., 2004). Common categories
with at least 20 exemplars, such as animals, furniture, and kitchen utensils were chosen. For
the episodic memory task, seven relatively typical exemplars were chosen from each category
excluding the one or two most common responses. The 30 categories were randomly split into
two lists, with each list presented equally often in the episodic and semantic retrieval
conditions.

Procedure—The experiment included a study phase and a retrieval phase. The study phase
occurred 24 hours prior to the fMRI scanning session. Participants came to the laboratory and
were required to learn 7 exemplars from each of 15 categories to a criterion of 10 perfect
repetitions. We set a strict learning criterion in order to ensure that participants could recall the
items without difficulty 24 hrs later. The study phase proceeded as follows. The experimenter
read the first category name aloud followed by the 7 exemplars at 2 sec intervals. Participants
were instructed to repeat the exemplars aloud, in any order. The experimenter read each
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subsequent category and exemplar list, and the participant repeated them in any order. No
feedback was given after each list. After one complete presentation of the 15 categories, the
learning trials were repeated, with two exceptions. First, on each repetition, the categories were
presented in a new random order, although the exemplars were always presented in the same
order for all learning trials. Second, when the category was named by the experimenter,
participants were instructed to recall the list of 7 exemplars in any order. If recall was not
perfect, the list of exemplars was read again by the experimenter, and the participant repeated
the exemplars aloud. The learning process continued until participants correctly recalled all
the exemplars from the 15 categories perfectly, 10 consecutive times. The study session took
approximately 1 hour to complete.

Twenty-four hours later, participants underwent MRI scanning. While in the scanner,
participants were shown 30 category names, presented in random order using high resolution
goggles (Resonance Technologies, Inc.). Each category was preceded by a 1.5 second cue
“OLD” or “NEW”, which was then replaced with a category name that remained on the screen
for 12 sec. OLD categories were category names for which participants had learned a list of
exemplars 24 hrs earlier. For OLD categories, participants were instructed to recall the seven
exemplars they had learned the previous day (referred to as the Recall condition). NEW
categories were category names that participants had not been exposed to during the study
session the previous day. For NEW categories, participants were instructed to generate the first
seven items belonging to the category that came to mind (referred to as the Generate condition).
In each case, they pressed a mouse button whenever they recalled/generated a word in the
category. Because we did not obtain verbal responses in the scanner, the button presses
provided some indication that responses for OLD and NEW categories were similar in terms
of number of responses and response times. Participants were given 12 seconds to recall/
generate items from each category. The 12 sec response window was chosen because pilot data
indicated this provided sufficient time for participants to recall the seven items from the
memorized list, and also to generate a similar number of exemplars for non-studied categories.
A visual-motor control condition was also included 15 times, randomly interspersed between
categories. For the Control condition, the letter “X” was presented 7 times within the 12 sec
window. The timing of the X’s was randomly jittered across the 12 secs, so that each X was
presented for 800–1200 msecs, with interstimulus intervals of 400–600 msecs. This pattern
better approximated the button presses made by participants during category production and
cued recall conditions. Participants pressed the mouse button each time another X appeared on
the screen. Finally, 15 rest periods were interspersed randomly between category and control
trials, each lasting 16 seconds during which the word “REST” appeared on the computer screen.

Immediately following the fMRI session, participants were once again asked to recall the lists
of category exemplars to ensure that they had recalled the correct items in the scanner. For
each category, they were also asked to describe any specific thoughts or strategies that they
were aware of as they generated and recalled items.

Image acquisition—Images were acquired on a 1.5T GE full-body echo speed magnet. A
set of 3-plane localizer images were first collected in order to align the functional images.
Functional data were acquired using a single-shot spiral pulse sequence (Glover & Lee,
1995; Glover & Law, 2001), matrix 64×64, TR = 2000 ms, TE = 40 ms, flip angle = 90, 19
sections, 6 mm, no skip. Sections were placed obliquely, perpendicular to the long axis of the
hippocampus in order to minimize partial voluming of the hippocampus, and covered the
anterior two-thirds of the brain including the posterior extent of the hippocampus (see Figure
1 showing the placement of the sections). Because the focus of the study was on MTL
functioning, we chose to maximize fully volumed data obtained from this region while keeping
a reasonably short TR, but at a cost of covering posterior regions including the precuneus, some
occipital cortex, and superior parietal cortex. A whole brain high resolution SPGR 3D volume

Ryan et al. Page 4

Neuropsychologia. Author manuscript; available in PMC 2009 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



was also obtained for co-registration of the functional dataset, matrix = 256×256, flip angle =
30, TR = 22 ms, TE = 8 ms, FOV = 25 cm, 1.5 mm sections, no skip.

Image analysis—Data were analyzed as a blocked design using SPM99 (Wellcome Dept.
of Cognitive Neurology; http://www.fil.ion.ucl.ac.uk/spm). ROI analyses were completed
using MarsBaR (Brett, Anton, Valabregue, & Poline, 2002) and mean effect sizes were output
for further analysis to SPSS, version 14. Images were reconstructed offline and then realigned
to the third volume for motion correction. Spatial normalization parameters were estimated by
warping each participant’s mean functional image to the standard MNI (Montreal Neurological
Institute) EPI template (Ashburner & Friston, 1999). The normalized images were resliced to
3×3×3 mm voxels and smoothed with an isotropic 8mm FWHM Gaussian kernel. The time
series in each voxel was highpass-filtered to 1/128 Hz and scaled to a grand mean of 100,
averaged over all voxels and scans within the session.

Statistical analyses were performed in two stages. In the first stage, neural activity was modeled
by a delta function at stimulus onset. The ensuing BOLD response was modeled by convolving
these delta functions with a canonical hemodynamic response function (HRF; Friston et al.,
1995). The resulting time courses were down sampled to form covariates in a General Linear
Model. Covariates were modeled for the canonical HRFs of the episodic and semantic retrieval
conditions described earlier, the control condition, and a single covariate representing the mean
(constant) over scans (only canonical HRF covariates were used to make contrasts and move
to second level analyses). Contrasts of parameter estimates comprised the data for the second-
stage analyses, which treated participants as a random effect. Using methods described by
Forman et al. (1995), the statistical threshold was determined by considering both voxel-wise
alpha and the extent of contiguous activation. A cluster of 10 contiguous voxels thresholded
at p<.01 was required in order to obtain a cluster-level criterion of p<.0001. Stereotactic
coordinates were generated in the standard Montreal Neurological Institute (MNI) brain by
SPM, and are reported here in MNI space. Mean effect sizes for regions of interest and
anatomical boundaries for MTL regions (hippocampus and parahippocampal gyrus) were
extracted using anatomical masks from MarsBaR (Brett, Anton, Valabregue, & Poline,
2002).

Results
Behavioral results—Participants were able to recall all the category items perfectly. The
responses time data suggest that the two conditions were well matched in terms of number of
responses and timing of responses. Within the 12 sec window, they generated an average of
8.0 (sd .3) items in the Generate condition compared to 7 items in the Recall condition, but this
difference was not statistically significant. The reaction times were also similar across the two
conditions with responses ranging on average between 1606 (sd 78) and 8900 (sd 108) msecs
for the semantic condition, and between 1733 (sd 61) and 8216 (sd 94) msecs for the episodic
condition (all pairwise t’s<1).

Imaging results—Table 1 shows the MNI coordinates and cluster extents for regions of
activation within MTL for the Recall and Generate conditions. Figure 2 shows the strikingly
similar placement and extent of activation within MTL for the two conditions. Both conditions
elicited activation in left hippocampus and bilateral parahippocampal gyrus.

In order to further contrast the activation between conditions, we compared mean effect sizes
for Recall and Generate conditions in MTL regions that overlapped across conditions. We
crossed the combined activation maps for the two conditions with anatomical region of interest
maps from MarsBaR (Brett et al., 2002), obtaining mean effect sizes for each participant for
the following regions: left hippocampus and left and right parahippocampal cortex. The means
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for each region were compared with paired t-tests and showed similar mean effect sizes across
conditions (all p’s > .05, see Figure 3).

Other brain regions showed some similarity of activation across the two retrieval conditions,
but were differentiated by several notable exceptions (see Table 2). Recall elicited activation
in left posterior caudate nucleus and the right reticular formation of the midbrain, while
Generate showed activation in bilateral inferior frontal gyrus, a more posterior and lateral
region of dorsolateral prefrontal cortex, more extensive activation in bilateral basal ganglia,
and bilateral thalamus.

Discussion
The results provide evidence that the left hippocampus and bilateral parahippocampal gyrus
are activated during the retrieval of both episodic and semantic information. Importantly, these
tasks were similar in terms of the cues presented and the responses made by the participants.
Category production is considered a classic tool for evaluating semantic memory. When
patients are impaired on this task, as is often the case for individuals with early Alzheimer’s
disease, the result is taken as an indication of a breakdown in the semantic knowledge network
(Welsh, Butters, Hughes, Mohs, & Heyman, 1992; Monsch et al., 1994; Chan, Salmon, Butters,
& Johnson, 1995). The simplest interpretation of the results would be that the hippocampus is
equally involved in the retrieval of both episodic and semantic information. However, given
that this finding is inconsistent with the literature on MTL amnesia, we considered an
alternative hypothesis focusing on the retrieval strategies adopted by participants during the
Generate condition. Following the fMRI session, we asked participants to describe what they
were thinking about as they generated and recalled items from the various categories.
Consistent with Vallee-Tourangeau et al. (1998), during the Generate condition, participants
often reported that they retrieved autobiographical and spatial contextual information that
helped them to generate the category exemplars. For example, for the category kitchen
utensils, all of the participants described picturing themselves in their own kitchen, looking
across the countertops and even opening drawers, as they named items they “saw” in their
kitchen. For the category family members, the majority of participants visualized the faces of
their family members as they generated exemplars. In contrast, during the Recall condition,
participants did not describe such autobiographical and spatial strategies. Instead, they either
reported that they were unaware of any particular strategy, or in some cases, they described
the semantic organization of the list. For example, one participant said that they recalled the
list of animals ordered from smallest to largest. Few participants reported that the episodic lists
were organized into a cohesive spatial context.

Although the debriefing information was not collected or coded systematically, these self-
reports raised an interesting hypothesis, namely, that the hippocampal activation during the
Generate condition may have been driven by the inclusion of autobiographical and spatial
contextual information into the retrieval process for category exemplars. To test this
hypothesis, we developed categories for an additional study that would reliably elicit different
types of strategies. We began with a normative study to identify categories that would or would
not elicit autobiographically-relevant information and spatial contextual information. Ideally,
this would provide four types of category strategies: autobiographical with spatial context
(visualizing my kitchen), autobiographical without spatial context (the faces of my family
members), non-autobiographical with spatial context (visualizing a jail cell or the space
shuttle), and non-autobiographical without spatial context (either no discernable strategy or
relying on semantic strategies alone such as largest to smallest).

We piloted over 60 categories based on work by Barsalou and others (Barsalou, 1983; 1988;
Vallee-Tourangeau et al., 1998). Forty undergraduates were asked to produce the first 7 items
that came to mind for each category, and then subsequently were asked to describe what they

Ryan et al. Page 6

Neuropsychologia. Author manuscript; available in PMC 2009 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



were thinking about as they produced the items. Our goal was to obtain categories for which
80% of participants reported using a similar type of strategy. Three of the four category retrieval
strategies were clearly distinguishable from one another using this criterion, including
autobiographical with spatial context (AS; things found in a garage, or kitchen utensils),
autobiographical without spatial context (AN; things worn on the feet, high school classes),
and neither autobiographical nor spatial context (NN; precious stones, things that are red).
However, we could not elicit categories where participants used strategies that were clearly
not autobiographical but contained a single spatial context. For example, such categories as
things found in a jail cell would presumably draw on knowledge of a context that most
undergraduates had not yet experienced personally. While participants regularly described
visualization of a spatial context, they often described quasi-autobiographical experiences such
as imagining a jail cell in a movie that they had watched recently. In order to keep the strategy
types clearly separated from one another, we compared only three types, AS, AN, and NN. In
order to further ensure that the AS and AN categories drew on autobiographical strategies to
differentiate them from the NN condition, the category names included the pronouns “your”
and “you” where appropriate, such as things in your garage, or things worn on your feet.

If the use of a spatial context is driving the hippocampal activation observed in Experiment 1,
we would expect to see activation only for the AS condition, but not AN or NN categories.
Alternatively, any autobiographical content, spatial or otherwise, may result in hippocampal
activation. By this view, hippocampal activation should be observed for AS and AN, but not
NN categories. Finally, if the hippocampus is important for any semantic retrieval task, then
activation in MTL should be evident for all three category conditions, AS, AN, and NN.

Experiment 2
Methods

Participants—Participants included University of Arizona undergraduate and graduate
students who gave written informed consent and received course credit as compensation. Exp.
2 included 14 participants (5 males, 9 females; mean age 24.8, range 18 to 40 yrs; mean years
of education 15.7, sd 2.9). All participants were screened for prior significant head injury, drug
or alcohol abuse, psychiatric disorder, and contraindications to MRI.

Materials—A total of 39 categories obtained from the pilot study described earlier were
included in the study. These categories were likely to draw on the three types of strategies
described earlier, autobiographical with spatial context (AS), autobiographical without spatial
context (AN), and neither autobiographical or spatial (NN). Thirteen categories were included
in each condition.

Procedure—Prior to scanning, participants were given several practice categories and were
instructed simply to generate as many items belonging to the category as they could think of,
and to press the mouse button in their right hand each time they thought of a new category
item. While in the scanner, participants were presented visually with a category name and were
given 12 secs to generate items from each category. All 39 categories were presented in random
order during a single fMRI scan. Thirteen blocks of a visual-motor control condition, described
in Experiment 1 (seven X’s jittered within a 12 sec window), were also randomly inserted
between categories. Each category and Control block was separated by a 4 second rest period
in which the word “REST” appeared.

After the functional scan was completed, participants were debriefed in order to obtain
information about the strategies that they used to generate items for each category. Although
the categories were developed to elicit particular strategy types, individual differences did
occur, and we therefore identified the specific strategy type used for each category based on
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the participants’ own responses, rather than relying on the normative data. In addition,
occasionally a category was excluded when a participant could not describe an unambiguous
retrieval strategy. Thus, for each participant, the number of categories included in the AN, AS,
and NN conditions varied. However, no participant had less than 8 categories in each condition.
The mean numbers of categories across participants included in each condition were as follows:
AN mean = 10.5 (sd 2.1), AS mean = 14.3 (sd 2.4), and NN mean = 13 (sd 2.9). When compared
using paired t-tests, significantly fewer categories were included in the AN condition compared
to either AS or NN conditions (p’s<.05).

Image acquisition and analysis—Images were acquired using the same acquisition
parameters as Experiment 1, with the exception that images were collected horizontally aligned
to the anterior-posterior commissural plane, covering the whole brain with 27 sections, 3.5 mm
no skip. Image preprocessing and data analyses were carried out with the same methods as
described in Experiment 1. Whole brain analyses were carried out at a cluster threshold of p<.
0001 which was determined following methods developed by Forman et al. (1995) using a
voxel-wise p<.01 and an extent of 10 or more contiguous voxels. However, because our
hypotheses were based on finding a lack of activation in one or more category conditions and
because we included fewer categories in each condition, we employed a more liberal statistical
threshold when assessing effect sizes within the medial temporal lobe regions of interest. A
threshold of p<.05 with an extent of 12 or more contiguous voxels provided a cluster alpha of
p<.005, consistent with previous imaging studies on medial temporal lobe regions that have
also used a less stringent statistical criterion (for example, Dobbins et al., 2003; Addis, Wong,
& Schacter, 2007)

Results
Medial temporal lobe regions—Table 1 shows the MNI coordinates and cluster extents
for regions of activation within the MTL for the three strategy conditions. Figure 4 shows the
placement and extent of activation for each of the three strategy conditions compared to the
Control condition within the MTL. The distribution of activation appears similar for the three
conditions and consistent with the pattern of activation observed in Experiment 1 during
category production. Activation was observed in both hippocampus and parahippocampal
gyrus for all three category conditions, even in the NN category condition where participants
reported that they are unaware of any strategy beyond the semantic characteristics of the items.

In order to make direct comparisons between the three category conditions within the MTL,
activation maps combining activation across all three conditions were crossed with anatomical
ROI masks obtained from MarsBaR, providing the mean effect size for each participant from
left and right hippocampus, left and right posterior parahippocampal gyrus extending
posteriorly to fusiform gyrus and lingual gyrus, and an additional cluster in anterior right
parahippocampal gyrus (see Figure 5 for ROIs). Effect sizes were compared across the three
strategy conditions in each region using a one-way ANOVA with followed paired t-tests. The
results are depicted in Figure 6. First, significant activation was obtained for all three conditions
in right and left hippocampus (but activation in right hippocampus for the AN condition did
not survive our extent threshold of 12 contiguous voxels), and the mean effect size in these
regions did not differ across the category types, F’s<1. This was also true in the anterior right
parahippocampal gyrus, F<1. In the more posterior regions incorporating posterior
parahippocampal gyrus and fusiform gyrus, significantly greater activation was observed
bilaterally for the AS categories compared to either of the two other strategy conditions, AN
or NN, as indicated by a main effect of category type, F(2, 81) = 4.99, p<01. Follow-up paired
t-tests between conditions are included in Figure 6.
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Other regions of activation—The similarity of activation observed in MTL regions also
extended to most, but not all, other brain regions. Table 3A highlights other brain regions
showing common clusters of activation across all three strategy conditions, including bilateral
dorsomedial prefrontal cortex, left dorsolateral prefrontal cortex, left ventrolateral prefrontal
cortex, left thalamus, bilateral retrosplenial/posterior cingulate cortex, and bilateral fusiform/
visual cortex extending from the lingual gyrus to fusiform gyrus and cuneus. Voxels of maximal
activation within each overlapping cluster were extracted in SPM99.

In addition to regions of overlap, there were notable regions of activation which distinguished
the three strategy conditions. Table 3B highlights regions that differentiated the strategy
conditions, showing specific activation for either one or two of the category types, but not all
three. These regions were compared directly using mean effect sizes. As discussed previously,
the AS condition, in which participants reported visualizing spatial contexts, was associated
with greater activation in bilateral posterior parahippocampal gyrus extending into the fusiform
gyrus and lingual gyrus. AS also resulted in specific activation in lateral and superior parietal
cortex and superior precuneus compared to AN and NN (see Figures 7 and 8). The AN condition
elicited activation in this same region of superior precuneus as well, but did not exceed our
extent threshold of 10 contiguous voxels. Interestingly, a large region of activation in the
ventromedial prefrontal cortex was uniquely observed in the AN condition, with greater
activation for AN compared to either AS or NN. The NN condition showed one region within
the midbrain, in the dorsal brainstem, that elicited greater activation compared to AS and AN.

Discussion
In summary, the results from Experiment 2 showed a similar pattern of activation for semantic
retrieval as observed during category production in Experiment 1. Activation was again evident
within the medial temporal lobes as participants generated exemplars for categories. Whether
or not the three category types elicited differential activation depended upon the specific region
within MTL. Within the hippocampus proper, activation did not differ as a function of whether
participants used autobiographical or spatial contextual information as a strategy for retrieval.
The posterior parahippocampal gyrus, however, showed significantly greater activation for
categories that elicited an autobiographically-relevant spatial context, such as the participant’s
kitchen, garage, or local supermarket. AS categories also activated fusiform and lingual gyrus,
along with superior parietal cortex. Collectively, these posterior regions have been associated
with the processing of complex scenes (Hayes et al., 2004; Burgess, Maguire, Spiers, &
O’Keefe., 2001), episodic memory retrieval (Ryan et al., 2001; Shannon & Buckner, 2004;
Gilboa et al., 2004), spatial navigation tasks (Maguire, 1997), and retrieval of remote spatial
information in amnesics (Rosenbaum et al., 2004), and are consistent with the self-reports of
participants of visualizing and sometimes even navigating through personally familiar spaces.

Activation in the superior precuneus was present for both conditions that elicited
autobiographical content, AS and AN (but did not meet extent thresholds in the AN condition).
This region also has been associated with episodic memory retrieval (Ryan et al., 2001;
Shannon & Buckner, 2004; Gilboa et al., 2004), and has been implicated in tasks that relate to
judgments regarding the self (Northoff et al., 2006; Cavanna & Trimble, 2006). Ventromedial
prefrontal cortex, observed only during retrieval of the AN categories, is also a region that has
been associated with self-referential tasks (Northoff et al., 2006; Saxe, Moran, & Scholz,
2006; Johnson et al., 2002), consistent with the notion that participants generated
autobiographically-relevant information in order to generate items for categories such as family
members.

Of particular interest is the pattern of activation associated with NN categories, where
participants are unaware of any specific autobiographical or spatial strategy used to generate
the items. Of the three category types, NN categories should represent the “purest” semantic
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memory task, uncontaminated by episodic or autobiographical content. NN categories were
most clearly differentiated from AS and AN in posterior cortical regions including the
precuneus, posterior parietal, and fusiform gyrus, and anteriorly in ventromedial prefrontal
cortex. Nevertheless, NN categories shared many common regions with both AS and AN
categories, including the hippocampus, dorsomedial prefrontal cortex, and retrosplenial cortex,
all regions that are also commonly activated during episodic memory retrieval tasks. It appears
that even for these categories, exemplar retrieval is mediated, at least in part, by regions in
common with episodic memory retrieval.

General Discussion
In studies of verbal fluency, including category production, the literature tends to focus
primarily on the critical role of the left inferior frontal cortex and whether or not this frontal
region is singular or further separable into phonological and semantic subcomponents (see
Costafreda et al., 2006, for review). Discussion of temporal lobe function has emphasized the
importance of lateral temporal cortex, rather than medial temporal lobe regions, in category
fluency tasks (Baldo et al., 2006, Schmolck et al., 2002). Medial temporal lobe involvement
in category production has garnered less attention. However, several studies have found MTL
activation during category production. For example, Pihlajamaki and colleagues (2000) found
activation in the left medial temporal lobe including the hippocampus and posterior
parahippocampal gyrus during generation of exemplars for typical categories such as
clothing, food, animals, and plants (see also Hirshorn & Thompson-Schill, 2006, Exp. 2;
Mummery, Patterson, Hodges, & Wise, 1996). One reason for fewer reports of MTL activation
may be that scans are often limited to the frontal lobe, and thus do not assess all brain regions
(Paulesu et al., 1997; Crosson, Sadek, et al., 2001).

Nevertheless, the consistent finding in the literature is that amnesics with MTL damage are
generally not impaired on category production, or for that matter, on many other tasks of
semantic retrieval. In a recent paper, Schmolck and colleagues (Schmolck et al., 2002) tested
6 amnesic patients with damage either restricted to the MTL or damage that extended past
MTL into anterior and lateral temporal lobe. Although some individual patients did poorly on
specific semantic retrieval tasks, as a group, deficits were only obvious in the amnesic patients
with damage extending into lateral temporal areas.

Given the ability of individuals with hippocampal damage to perform adequately on this task,
why do we see hippocampal activation in normal participants performing category production?
One possibility is that the hippocampus is utilized when and if it is available and intact,
providing a more efficient and flexible way of searching for and retrieving semantic
information. By this view, the presentation of the category acts as a cue that activates related
information, semantic and episodic alike. Related episodic information, such as familiar places
or people, may be used by the participant to generate the semantic material in a sort of
bootstrapping of semantic retrieval. The hippocampus may provide support for retrieval and
increase efficiency of search, particularly with categories that are less well established, such
as categories that are based on organizing principles other than typical semantic relatedness,
such as a particular location (things in a garage) or a shared perceptual feature (things that are
red). These types of categories have been referred to by Barsalou (1983) as ad hoc categories.

What is special about ad hoc categories? During these tasks, one must use semantic knowledge
in a flexible and perhaps relatively novel way, emphasizing characteristics of an item and
similarities across items that would otherwise be irrelevant. We hypothesize that, under these
conditions, amnesics with medial temporal lobe damage may do less well in generating
category members, compared to generation tasks where the organizing principle amongst items
is common and overlearned. Amnesics might be relatively intact on classic semantic categories,
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such as animals or fruits and vegetables, relying primarily on intact non-medial temporal
systems, but may have more difficulty when asked to generate exemplars to labels such as
things that are expensive or things you take on a camping trip. Our argument here is similar
to the notion of degeneracy, discussed by Price and Friston (2002; Friston & Price, 2003),
which emphasizes that there are multiple ways in which a complex cognitive task can be
accomplished. We are not suggesting that the hippocampus is merely “involved but not
necessary” for semantic retrieval. Instead, we propose that multiple retrieval systems are
engaged cooperatively, depending upon the requirements of the task, providing complementary
routes for retrieval. Understanding the interaction of these systems will probably require the
integration of data from studies of both normal and brain-injured individuals.

The concept of semantic and episodic memory as interactive and generative in the normal brain
appears to have support not only from cognitive psychology (for example, Barsalou,
Huttenlocher, & Lamberts, 1998), but also from evidence demonstrating overlapping brain
networks involved in the retrieval of semantic and episodic memory. In a recent paper, Rajah
and McIntosh (2005) used structural equation modeling to identify networks that might
differentiate semantic and episodic memory retrieval. Instead, separate episodic and semantic
models failed to differentiate from one another, with similar patterns of path coefficients for
the two retrieval models across tasks. The authors argue that the same memory network was
engaged across tasks, and that differences between episodic and semantic retrieval may reflect
variation along a continuum of processing during task performance, rather than the output of
two independent memory systems. A similar outcome was recently reported by Burianova and
Grady (2007), showing overlapping networks of activation during semantic and episodic
retrieval, which included regions of left medial temporal lobe.

According to Barsalou, “there are no invariant knowledge structures in memory. Instead,
people continually construct unique representations from loosely organized generic and
episodic knowledge to meet the constraints of particular contexts” (Barsalou, 1988, p. 236).
Instead of focusing on abstracted concepts, Barsalou emphasizes the critical role of instances
for generating semantic knowledge. This is an interesting idea, because it presents semantic
memory as something that is not simply a stable and accurate record of past learning, but
something that is generative, flexible, contextually bound, and subject to revision through novel
experience. Semantic memory is generated anew each time it is required, in much the same
way as Bartlett (1932) and others (e.g., Nadel, Campbell, & Ryan, 2007) have noted that
episodic memories are reconstructed and revised over time and through multiple retrievals.
This highlights the similarities between episodic and semantic memories (Tulving, 2005) and
stands in contrast to the assumption that semantic memory, at least, is a faithful record of prior
knowledge.

Other related memory research has recently demonstrated how semantic and episodic
memories can interact with one another. Using a very different paradigm, Westmacott and
Moscovitch (2003) showed that episodic memory can contribute to performance on tests of
semantic memory. They reported that categorization judgments regarding professions for
famous people is faster and more accurate if the name is associated with a recollection that has
personal significance to the participant. In the example they cite, Elvis Presley might be
associated with a personal visit to Graceland, whereas Frank Sinatra holds no such personal
association. Performance therefore favors Elvis Presley, even though both people are equally
famous. For another individual, the opposite might well hold true, depending upon their own
unique episodic experiences.

These considerations suggest that debates in the field about whether or not episodic and
semantic memory are part of the same memory system, subserved by the same neural substrate,
miss the point (see Moscovitch et al., 2006, for discussion). Differences observed between
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episodic and semantic memory tasks may be better understood in terms of the information
required for any particular task, given that an individual will use whatever means are available
to them, episodic or semantic, in order to solve the problem. Episodic memory tasks, by
definition, require the retrieval of contextual information including time and place. Even a
recognition task requires that the individual determine not only whether an item has been
experienced before (which would include all words in a list) but whether the particular word
occurred at a particular time and place. No such requirement is inherent in most semantic
memory tasks, where often the task requires a judgment about the semantic qualities of words
(such as in a living/nonliving judgment task). Engagement of the hippocampus may depend
on the degree to which performance requires (or can benefit from) the retrieval of contextual,
spatial, and temporal, information. In the case of normal individuals, category production tasks
can be solved by accessing a mix of episodic, autobiographic, and semantic knowledge. For
example, if a subject is asked to retrieve items that are found in a restaurant, they may think
about restaurants in general, or a restaurant that they go to frequently, but they may be equally
likely to visualize the specific restaurant that they were at last night. As we and others have
suggested, the hippocampus may best be viewed as a system that automatically uses inputs (in
this case, a category cue) to generate linked information, thereby retrieving any appropriate
related information.

One important implication of this formulation is that it suggests that the connections between
hippocampal (episodic) representations and extrahippocampal stores of semantic information
are not lost altogether over time. Rather, some of these connections remain, and can be used
in the normal case to retrieve semantic knowledge connected to specific contexts. The fact that
there are alternative routes for accessing semantic memory is not surprising. It remains to be
seen how flexible these alternative routes are, and under what circumstances they may or may
not be sufficient for a task. This formulation is consistent with recent work exploring the fate
of contextual coding in animals. A number of studies, mostly using fear conditioning, have
shown that shortly after training fear is relatively restricted to the original training context
(Wiltgen & Silva, 2007; Winocur, Moscovitch, & Sekeres, 2007). With the passage of time,
and no further training, fear will be evinced in a wider range of contexts. This “loss” of context-
specificity has typically been viewed as involving the loss of some hippocampal trace that
would resist generalizing fear across contexts, but such an interpretation is not mandated by
the data. In fact, it is equally possible that a separate, “semantic” trace is created (outside the
hippocampus) that connects fear to generic features of the original training context, such as
grid floors, or a small box with four walls. This trace would support fear in multiple contexts,
but its presence need not involve the loss of the more specific trace supporting fear in the
original context. Much as in the human case, rats would have multiple ways to access fear
memory, some via the original training episode, others via semantic knowledge about that
experience.

The broader implication of this way of thinking concerns the notion of a “memory system”.
Perhaps it is no longer sensible to talk about self-contained memory systems, either singular
or plural. Rather, we should be talking about the acquisition of various kinds of knowledge
(see also Nadel, in press; Lee, Barense, & Graham, 2005), and the subsequent deployment of
particular aspects of that knowledge in the service of “memory” tasks. Within this view, all
forms of knowledge would be subject to transformation (via consolidation) and updating (via
reactivation and reconsolidation), and memory retrieval would involve accessing the
appropriate knowledge to fit the task demands. There is neither one nor multiple “memory”
systems, only a variety of systems that both process and store different types of information,
to be deployed as required.
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Fig. 1.
Slice selection for Experiment 1. Note that coverage did not extend to posterior parietal and
occipital regions.
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Fig. 2.
Left (L) and right (R) medial temporal lobe activation for the Recall and Generate conditions
contrasted with the control task in Experiment 1, cluster p<.0001. Results from activation
crossed with hippocampus (red) and parahippocampal gyrus (blue) anatomical regions of
interest are presented for each condition separately. Note that activation in the right
hippocampus did not survive our extent threshold of 10 contiguous voxels.
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Fig. 3.
Mean effect sizes for the Recall (Rec) and Generate (Gen) conditions in Experiment 1
contrasted with control within medial temporal lobe (MTL) combined activation regions of
interest (ROI), cluster p<.0001. ROIs included all active voxels within left hippocampus and
left and right parahippocampal gyrus for both the Rec and Gen conditions. There were no
significant differences in mean magnitude of activation between conditions in these regions.
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Fig. 4.
Left (L) and right (R) medial temporal lobe activation for each retrieval strategy contrasted
with the control task in Experiment 2, cluster p<.005; Autobiographical Nonspatial (AN),
Autobiographical Spatial (AS), and Nonautobiographical, Nonspatial (NN). Results from
activation crossed with hippocampus (red) and parahippocampal gyrus (blue) anatomical
regions of interest are presented for each condition separately. Note that for the AN condition,
activation in the right hippocampus did not survive our extent threshold of 12 contiguous
voxels.
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Fig. 5.
Combined activation region of interest (ROI) masks for Experiment 2, created from a
combination of activation in all three retrieval strategies contrasted with control at cluster p<.
005, which were then crossed with anatomical masks of medial temporal lobe regions. Five
separate ROIs were used for analysis: left (L) hippocampus = red, right (R) hippocampus =
yellow, left posterior cluster = green, a separate cluster in right parahippocampal gyrus = light
blue, right posterior cluster = dark blue. Posterior clusters extend across parahippocampal
gyrus, lingual gyrus, and fusiform gyrus.
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Fig. 6.
Mean effect sizes for each retrieval strategy contrasted with control in Experiment 2 within
medial temporal lobe combined activation regions of interest (ROI), cluster p<.005;
Autobiographical Nonspatial (AN), Autobiographical Spatial (AS); Nonautobiographical,
Nonspatial (NN). Posterior clusters extend across parahippocampal gyrus, lingual gyrus, and
fusiform gyrus. The AS condition had a significantly higher mean magnitude of activation than
AN and NN conditions in the left and right posterior clusters.
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Fig. 7.
Brain regions outside the medial temporal lobes showing overlapping and strategy-specific
activation in Experiment 2, cluster p<.0001. Areas of overlap are shown in red, areas specific
to Autobiographical Nonspatial (AN) in yellow, areas specific to Autobiographical Spatial
(AS) in green, and areas specific to Nonautobiographical, Nonspatial (NN) in blue. All three
retrieval strategies activated the dorsomedial prefrontal cortex (DMPF), left dorsolateral and
ventrolateral prefrontal cortex (DLPF, VLPF), thalamus (T), retrosplenial cortex (R), and
fusiform/visual cortex (VC). AN retrieval uniquely activated the ventromedial prefrontal
cortex (VMPF); AS retrieval uniquely activated left superior lateral parietal cortex (LP) and
left superior precuneus (P). The superior precuneus was also activated in the AN condition,
but activation did not meet our extent criteria of 10 contiguous voxels (only 8 voxels were
observed). The midbrain (MB), a region of dorsal brainstem with activation extending to the
inferior colliculus, was activated by NN retrieval only. Left superior precentral gyrus
(Precentral) was activated by both AS and NN strategies.
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Fig. 8.
Mean effect sizes for each retrieval strategy in Experiment 2 contrasted with control within
strategy-specific cluster regions of interest (ROI), cluster p<.0001; Autobiographical
Nonspatial (AN), Autobiographical Spatial (AS); Nonautobiographical, Nonspatial (NN). The
AN condition had a significantly higher magnitude of activation than AS or NN in the
ventromedial prefrontal cluster; the AS condition had a significantly higher magnitude of
activation than AN or NN in the lateral parietal cluster; the AN and AS conditions had
significantly higher magnitudes of activation than NN in the superior precuneus cluster (but
note that AN activation did not exceed our extent threshold of 10 contiguous voxels); the NN
condition had a significantly higher magnitude of activation than AN or AS in the midbrain
cluster, a region of dorsal brainstem; and the NN condition had a marginally significant higher
magnitude of activation than AN in the precentral gyrus cluster.

Ryan et al. Page 24

Neuropsychologia. Author manuscript; available in PMC 2009 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Ryan et al. Page 25
Ta

bl
e 

1
R

eg
io

ns
 o

f 
ac

tiv
at

io
n 

in
 th

e 
m

ed
ia

l t
em

po
ra

l l
ob

e 
fo

r 
Ex

pe
rim

en
t 1

 (
cl

us
te

r 
p<

.0
00

1)
 a

nd
 E

xp
er

im
en

t 2
 (

cl
us

te
r 

p<
.0

05
). 

La
te

ra
lit

y
(L

=l
ef

t, 
R

=r
ig

ht
), 

M
N

I c
oo

rd
in

at
es

, e
xt

en
t o

f a
ct

iv
at

io
n 

(in
 v

ox
el

s;
 k

), 
an

d 
pe

ak
 v

ox
el

 t-
st

at
is

tic
s a

re
 p

ro
vi

de
d 

fo
r e

ac
h 

re
gi

on
 o

f i
nt

er
es

t
fo

r t
he

 tw
o 

re
tri

ev
al

 ta
sk

s i
n 

Ex
pe

rim
en

t 1
 a

nd
 fo

r e
ac

h 
re

tri
ev

al
 st

ra
te

gy
 in

 E
xp

er
im

en
t 2

.
E

xp
er

im
en

t 1
M

N
I

R
eg

io
n

 
T

as
k

L
/R

x
y

z
k

T

H
ip

po
ca

m
pu

s
 

G
en

er
at

e
L

−2
3

−1
9

−1
6

16
3

7.
43

 
R

ec
al

l
L

−2
1

−1
9

−1
5

53
4.

11
Pa

ra
hi

pp
oc

am
pa

l g
yr

us
 

G
en

er
at

e
L

−1
9

−2
6

−1
7

21
0

8.
07

R
21

−1
8

−1
9

51
6.

29
 

R
ec

al
l

L
−2

0
−2

5
−1

9
14

6
5.

95
R

24
−2

4
−1

8
40

3.
82

E
xp

er
im

en
t 2

H
ip

po
ca

m
pu

s
 

A
ut

ob
io

gr
ap

hi
ca

l N
on

sp
at

ia
l

L
−2

3
−2

9
−8

32
2.

86
R

-
-

-
-

-
 

A
ut

ob
io

gr
ap

hi
ca

l S
pa

tia
l

L
−2

3
−3

0
−7

10
1

3.
90

R
24

−2
6

−1
0

45
3.

05
 

N
on

au
to

bi
og

ra
ph

ic
al

 N
on

sp
at

ia
l

L
−2

5
−3

0
−7

73
3.

29
R

25
−2

6
−1

0
37

2.
99

Pa
ra

hi
pp

oc
am

pa
l G

yr
us

 
A

ut
ob

io
gr

ap
hi

ca
l N

on
sp

at
ia

l
L

-
-

-
-

-
R

19
−2

9
−1

3
21

3.
07

 
A

ut
ob

io
gr

ap
hi

ca
l S

pa
tia

l
L

−2
4

−3
5

−1
2

99
4.

04
R

21
−3

2
−1

3
84

4.
28

 
N

on
au

to
bi

og
ra

ph
ic

al
 N

on
sp

at
ia

l
L

−1
8

−3
6

−9
18

3.
14

R
20

−3
1

−1
3

78
3.

66

Neuropsychologia. Author manuscript; available in PMC 2009 July 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Ryan et al. Page 26
Ta

bl
e 

2
B

ra
in

 re
gi

on
s o

ut
si

de
 th

e m
ed

ia
l t

em
po

ra
l l

ob
e a

ct
iv

at
ed

 b
y 

R
ec

al
l a

nd
 G

en
er

at
e c

on
di

tio
ns

 in
 E

xp
er

im
en

t 1
 (c

lu
st

er
 p

<.
00

01
). 

La
te

ra
lit

y
(L

=l
ef

t, 
R

=r
ig

ht
, B

=b
ila

te
ra

l),
 B

ro
dm

an
n 

A
re

a 
(B

A
), 

M
N

I c
oo

rd
in

at
es

, e
xt

en
t o

f a
ct

iv
at

io
n 

(in
 v

ox
el

s;
 k

), 
an

d 
pe

ak
 v

ox
el

 t-
st

at
is

tic
s a

re
gi

ve
n 

fo
r r

eg
io

ns
 o

f o
ve

rla
p 

as
 w

el
l a

s r
eg

io
ns

 sp
ec

ifi
c t

o 
ea

ch
 co

nd
iti

on
. M

ed
ia

l p
re

fr
on

ta
l c

or
te

x 
in

cl
ud

es
 th

e a
nt

er
io

r c
in

gu
la

te
 ex

te
nd

in
g

to
 m

ed
ia

l f
ro

nt
al

 g
yr

us
; v

en
tro

la
te

ra
l p

re
fr

on
ta

l c
or

te
x 

in
cl

ud
es

 in
fe

rio
r f

ro
nt

al
 g

yr
us

; d
or

so
la

te
ra

l p
re

fr
on

ta
l c

or
te

x 
in

cl
ud

es
 th

e s
up

er
io

r
fr

on
ta

l g
yr

us
 e

xt
en

di
ng

 to
 m

id
dl

e 
fr

on
ta

l g
yr

us
; b

as
al

 g
an

gl
ia

 in
cl

ud
es

 re
gi

on
s o

f b
ot

h 
th

e 
pu

ta
m

en
 a

nd
 g

lo
bu

s p
al

lid
us

; f
us

ifo
rm

 g
yr

us
ex

te
nt

s 
in

to
 li

ng
ua

l g
yr

us
 a

nd
 o

cc
ip

ita
l c

or
te

x;
 m

id
br

ai
n 

re
fe

rs
 to

 th
e 

do
rs

al
 b

ra
in

st
em

 e
xt

en
di

ng
 f

ro
m

 th
e 

re
tic

ul
ar

 f
or

m
at

io
n 

to
 th

e
ce

re
br

al
 a

nd
 c

er
eb

el
la

r p
ed

un
cl

es
; a

nd
 p

os
te

rio
r c

au
da

te
 e

xt
en

ds
 in

to
 su

pe
rio

r t
ha

la
m

us
.

C
on

di
tio

n
M

N
I

 
Re

gi
on

 
 

T
as

k
L

/R
B

A
x

y
z

k
T

R
ec

al
l a

nd
 G

en
er

at
e

 
M

ed
ia

l P
re

fr
on

ta
l C

or
te

x
B

32
−4

34
22

 
 

R
ec

al
l

16
65

7.
40

 
 

G
en

er
at

e
21

34
8.

82
 

Ve
nt

ro
la

te
ra

l P
re

fr
on

ta
l C

or
te

x
L

47
−2

9
30

−1
0

 
 

R
ec

al
l

62
7.

92
 
 

G
en

er
at

e
27

3.
91

 
D

or
so

la
te

ra
l P

re
fr

on
ta

l C
or

te
x

L
6/

8
−2

6
16

56
 
 

R
ec

al
l

34
0

6.
11

 
 

G
en

er
at

e
56

3.
79

 
Ba

sa
l G

an
gl

ia
L

-
−1

6
−1

9
 
 

R
ec

al
l

95
3.

68
 
 

G
en

er
at

e
41

5
4.

15
 

M
id

br
ai

n
L

-
−6

−2
2

−2
0

 
 

R
ec

al
l

20
8

9.
17

 
 

G
en

er
at

e
11

7
5.

39
 

Po
st

er
io

r C
in

gu
la

te
L

29
−4

−5
0

3
 
 

R
ec

al
l

44
6.

38
 
 

G
en

er
at

e
23

0
8.

86
R

29
7

−4
7

3
 
 

R
ec

al
l

38
7.

61
 
 

G
en

er
at

e
62

5.
05

 
Fu

si
fo

rm
 G

yr
us

L
19

−3
0

−7
3

−2
1

 
 

R
ec

al
l

34
4.

36
 
 

G
en

er
at

e
80

5.
12

R
19

21
−8

0
−1

8
 
 

R
ec

al
l

36
4.

14
 
 

G
en

er
at

e
22

3.
47

R
ec

al
l O

nl
y

 
Po

st
er

io
r C

au
da

te
L

-
−1

0
−5

18
16

3.
91

 
M

id
br

ai
n

R
-

7
−2

0
−2

3
45

5.
50

G
en

er
at

e 
O

nl
y

 
Ve

nt
ro

la
te

ra
l P

re
fr

on
ta

l C
or

te
x

R
47

33
26

1
21

4.
60

 
D

or
so

la
te

ra
l P

re
fr

on
ta

l C
or

te
x

L
8

−4
5

8
47

63
4.

98
 

Ba
sa

l G
an

gl
ia

R
-

14
7

1
78

5.
37

 
Th

al
am

us
B

-
−5

−1
0

3
90

4.
29

Neuropsychologia. Author manuscript; available in PMC 2009 July 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Ryan et al. Page 27
Ta

bl
e 

3
(A

) B
ra

in
 re

gi
on

s 
ou

ts
id

e 
th

e 
m

ed
ia

l t
em

po
ra

l l
ob

e 
ac

tiv
at

ed
 b

y 
al

l t
hr

ee
 re

tri
ev

al
 s

tra
te

gi
es

 a
nd

 (B
) b

ra
in

 re
gi

on
s 

sh
ow

in
g 

st
ra

te
gy

-
sp

ec
ifi

c 
ac

tiv
at

io
n 

in
 E

xp
er

im
en

t 2
, c

lu
st

er
 p

<.
00

01
. L

at
er

al
ity

 (L
=l

ef
t, 

R
=r

ig
ht

, B
=b

ila
te

ra
l),

 B
ro

dm
an

n 
A

re
a 

(B
A

), 
M

N
I c

oo
rd

in
at

es
,

ex
te

nt
 o

f 
ac

tiv
at

io
n 

(in
 v

ox
el

s;
 k

), 
an

d 
pe

ak
 v

ox
el

 t
-s

ta
tis

tic
s 

ar
e 

gi
ve

n 
fo

r 
cl

us
te

rs
 o

f 
ac

tiv
at

io
n 

fo
r 

ea
ch

 r
et

rie
va

l 
st

ra
te

gy
(A

N
=A

ut
ob

io
gr

ap
hi

ca
l 

N
on

sp
at

ia
l, 

A
S=

A
ut

ob
io

gr
ap

hi
ca

l 
Sp

at
ia

l, 
N

N
= 

N
on

au
to

bi
og

ra
ph

ic
al

 N
on

sp
at

ia
l).

 D
or

so
m

ed
ia

l 
pr

ef
ro

nt
al

co
rte

x 
in

cl
ud

es
 c

in
gu

la
te

 g
yr

us
 e

xt
en

di
ng

 t
o 

m
ed

ia
l 

pr
ef

ro
nt

al
 g

yr
us

; 
do

rs
ol

at
er

al
 p

re
fr

on
ta

l 
co

rte
x 

in
cl

ud
es

 m
id

dl
e 

fr
on

ta
l 

gy
ru

s
ex

te
nd

in
g 

to
 in

fe
rio

r f
ro

nt
al

 g
yr

us
; v

en
tro

la
te

ra
l p

re
fr

on
ta

l c
or

te
x 

in
cl

ud
es

 in
fe

rio
r f

ro
nt

al
 g

yr
us

 ex
te

nd
in

g 
to

 in
su

la
 an

d 
su

pe
rio

r t
em

po
ra

l
gy

ru
s;

 fu
si

fo
rm

/v
is

ua
l c

or
te

x 
in

cl
ud

es
 li

ng
ua

l g
yr

us
 ex

te
nd

in
g 

to
 cu

ne
us

, f
us

ifo
rm

 g
yr

us
, a

nd
 ce

re
be

llu
m

; v
en

tro
m

ed
ia

l p
re

fr
on

ta
l c

or
te

x
in

cl
ud

es
 a

 r
eg

io
n 

of
 m

ed
ia

l f
ro

nt
al

 g
yr

us
; l

at
er

al
 p

ar
ie

ta
l c

or
te

x 
in

cl
ud

es
 s

up
er

io
r 

pa
rie

ta
l l

ob
ul

e 
ad

ja
ce

nt
 to

 th
e 

pr
ec

un
eu

s;
 s

up
er

io
r

pr
ec

un
eu

s r
eg

io
ns

 ex
te

nd
 to

 su
pe

rio
r o

cc
ip

ita
l c

or
te

x 
an

d 
th

e c
un

eu
s;

 m
id

br
ai

n 
re

fe
rs

 to
 ac

tiv
at

io
n 

in
 th

e d
or

sa
l b

ra
in

st
em

 ex
te

nd
in

g 
fr

om
th

e 
re

tic
ul

ar
 fo

rm
at

io
n 

to
 p

er
ia

qu
ed

uc
ta

l g
ra

y;
 a

nd
 re

gi
on

s o
f p

re
ce

nt
ra

l g
yr

us
 e

xt
en

d 
to

 m
id

dl
e 

fr
on

ta
l g

yr
us

.
A

.
R

eg
io

n
M

N
I

 
St

ra
te

gy
L

/R
B

A
X

y
z

k
T

D
or

so
m

ed
ia

l P
re

fr
on

ta
l C

or
te

x
B

32
−2

24
42

 
A

N
29

4
4.

89
 

A
S

96
6

7.
45

 
N

N
63

3
4.

01
D

or
so

la
te

ra
l P

re
fr

on
ta

l C
or

te
x

L
46

−5
0

24
26

 
A

N
43

3.
30

 
A

S
91

5
4.

79
 

N
N

99
0

4.
97

V
en

tr
ol

at
er

al
 P

re
fr

on
ta

l C
or

te
x

L
47

−3
8

24
2

 
A

N
50

3.
71

 
A

S
41

3
5.

55
 

N
N

54
3

6.
48

T
ha

la
m

us
L

-
−2

−1
1

10
 

A
N

12
2.

86
 

A
S

40
3.

66
 

N
N

27
3.

23
R

et
ro

sp
le

ni
al

/P
os

te
ri

or
 C

in
gu

la
te

L
29

−5
−5

8
8

 
A

N
94

4.
97

 
A

S
16

2
7.

15
 

N
N

43
4.

91
R

29
6

−4
8

6
 

A
N

19
4.

38
 

A
S

69
5.

19
 

N
N

-
-

Fu
si

fo
rm

/V
is

ua
l C

or
te

x
B

19
−8

−6
6

−2
 

A
N

69
9

11
.2

0
 

A
S

74
9

14
.9

6
 

N
N

80
7

12
.2

7
B

.
St

ra
te

gy
M

N
I

 
Re

gi
on

 
 

St
ra

te
gy

L
/R

B
A

x
y

z
k

T

A
N

 o
nl

y
 

Ve
nt

ro
m

ed
ia

l P
re

fr
on

ta
l

B
11

−4
50

−1
0

70
3.

93
A

S 
on

ly
 

La
te

ra
l P

ar
ie

ta
l

L
7

−2
6

−7
8

44
31

2.
82

Neuropsychologia. Author manuscript; available in PMC 2009 July 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Ryan et al. Page 28
A

.
R

eg
io

n
M

N
I

 
St

ra
te

gy
L

/R
B

A
X

y
z

k
T

 
Su

pe
ri

or
 P

re
cu

ne
us

L
7

−4
−8

2
46

16
4.

50
N

N
 o

nl
y

 
M

id
br

ai
n

L
-

−4
−3

0
−1

4
12

5
5.

25
A

S 
&

 N
N

 
Pr

ec
en

tr
al

 G
yr

us
L

6
−5

0
−1

50
 
 

A
S

58
3.

62
 
 

N
N

11
9

3.
58

Neuropsychologia. Author manuscript; available in PMC 2009 July 1.


