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The Nature and Time-Course of Medial Temporal Lobe Contributions
to Semantic Retrieval: An fMRI Study on Verbal Fluency

Signy Sheldon'** and Morris Moscovitch'~

ABSTRACT:  Recent investigations have shown that the medial temporal
lobe (MTL), a region thought to be exclusive to episodic memory, can also
influence performance on tests of semantic memory. The present study
examined further the nature of MTL contributions to semantic memory
tasks by tracking MTL activation as participants performed category flu-
ency, a traditional test of semantic retrieval. For categories that were
inherently autobiographical (e.g. names of friends), the MTLs were acti-
vated throughout the time period in which items were generated, consist-
ent with the MTLs role in retrieving autobiographical memories. For cate-
gories that could not benefit from autobiographical or spatial/context in-
formation (e.g. governmental offices), the MTL was not implicated at any
time point. For categories for which both prototypical and episodically-
related information exists (e.g. kitchen utensils), there was more robust
MTL activity for the open-ended, late generation periods compared with
the more well-defined, early item generation time periods. We interpret
these results as suggesting that early in the generation phase, responses
are based on well-rehearsed prototypical knowledge whereas later per-
formance relies more on open-ended strategies, such as deriving exem-
plars from personally relevant contextual information (e.g. imagining
one’s own kitchen). These findings and interpretation were consistent
with the results of an initial, separate behavioral study (Expt 1), that used
the distinctiveness of responses as a measure of open-endedness across
the generation phase: Response distinctiveness corresponded to the pre-
dicted open-endedness of the various tasks at early and late phases. Over-
all, this is consistent with the view that as generation of semantic informa-
tion becomes open-ended, it recruits processes from other domains, such
as episodic memory, to support performance. o 2011 Wiley Periodicals, Inc.

KEY WORDS: episodic memory; fluency; hippocampus; semantic
memory; task characteristics

INTRODUCTION

Regions of the medial temporal lobe (MTL), particularly the hippo-
campus and the parahippocampal cortex, are widely considered episodic
memory structures (Eichenbaum, 1997; Moscovitch et al., 2006; Eichen-
baum et al., 2007). Recent studies, however, have extended the influence
of these structures to domains outside of episodic memory (for examples
see, Lee et al., 2005; Karlsgodt et al., 2005; Addis et al., 2007), includ-
ing semantic retrieval (e.g. Kapur et al., 1995; Whatmough and Chert-
kow, 2007). Whilst such studies suggest that MTL-dependent processes

can contribute to nonepisodic tasks, it is not clear what are the precise
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task conditions or characteristics that invoke these mne-
monic processes. The purpose of the present article was
to examine the nature of MTL contributions to seman-
tic retrieval tasks. Specifically, we hypothesized that the
MTL will be particularly involved in semantic retrieval
for tasks that are open-ended. Open-ended tasks are
those for which the to-be-retrieved information is not
well specified. In this sense, they are likely to rely on the
application of idiosyncratic strategies or information
that can be based on episodic memories, rather than on
application of algorithms or prototypical exemplars,
which are common across individuals and upon which
close-ended tasks rely. Usually, the set size is smaller for
close-ended tasks given that prototypical responses are
generated and larger for open-ended tasks given that
these tasks are amenable to the implementation of vari-
ous processes to generate alternative responses. We also
suggest that tasks may be open-ended, and perhaps rely
on episodic memory from the beginning, or they may
become open-ended as nonepisodic strategies become
more demanding or less useful.

To test this hypothesis, we used fMRI to track the
activation of MTL structures during verbal fluency, a
traditional semantic retrieval task, with the prediction
that the MTL will be recruited when such fluency tasks
(a) depend on episodic information from the beginning
or (b) contain both semantic and episodic components,
with the former driving performance at the beginning,
closed-ended or well-defined portion of the task, and
the latter gaining in importance as the task progresses
and becomes more open-ended. Before describing the
present study, we will first review the literature that sup-
ports a role for the MTL in semantic retrieval.

The Medial Temporal Lobes and
Semantic Memory

The idea that MTL regions are involved in seman-
tic retrieval has a history dating at least to New-
combe’s (1969) observation that patients with tempo-
ral lobe lesions were impaired on tests of semantic,
but phonemic, fluency. Many investigators
thought that the deficit arose from damage to lateral

not

and anterior aspects of the temporal lobes, rather than
to medial ones, since the former structures have long
been implicated in semantic memory (for more recent
contributions, see Thompson-Schill, 2002; Dronkers
et al., 2004; Moscovitch et al., 2006; Lambon Ralph
and Patterson, 2008). Current reports have implicated
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the medial aspects of the temporal lobe to performance on tests
traditionally defined as semantic, such as category fluency
which we discuss in detail in the next section. Neuroimaging
studies have also implicated the MTL in tests of semantic
memory (Kapur et al., 1995; Maguire and Mummery, 1999;
Whatmough and Chertkow, 2007; Whitney et al., 2009). To-
gether these studies imply that semantic and episodic memory
are more interactive than they are distinct.

Consistent with this interactionist account of episodic and
semantic memory, Barsalou proposed that, in some cases,
semantic information can be contextually bound to autobio-
graphical or episodic memories so that the latter can be used to
help generate or retrieve semantic information (Barsalou, 1988,
2009; also see Westmacott and Moscovitch, 2002, 2003). It
follows that episodic memory will be implicated more on
semantic tasks that can benefit from recovering related autobio-
graphical or spatial/contextual details than those that do not.
As such, one objective of the present study is to explore the
influence of this task characteristic on verbal fluency.

Verbal Fluency and Task Characteristics

Verbal fluency encompasses both category and phonemic flu-
ency tasks (Lezak, 1995). Although both of these types of
verbal fluency tasks have conventionally been thought to reflect
semantic memory retrieval and frontal and lateral temporal
lobe functioning, there is mounting evidence that category flu-
ency also involves episodic memory retrieval processes (Vallee-
Tourangeau et al., 1998) mediated by the MTL and the hippo-
campus, in particular (for lesion evidence see Gleissner and
Elger, 2001, and for neuroimaging evidence see Pihlajamaki
et al., 2000; Baldo et al., 2006; but see Schmolck et al., 2002
for a study that showed spared semantic retrieval in patients
with hippocampal lesion). In a recent study, Ryan et al. (2008)
compared activity in the hippocampus proper and other MTL
structures across three category types that differed in their rela-
tion to episodic memory (nonspatial/autobiographical categories
such as governmental positions were low episodic-relevance cat-
egories, and autobiographical nonspatial categories, such as
names of friends and autobiographical spatial categories, such
as kitchen utensils were high relevance categories). They found
similar levels of activity in the hippocampus for all three cate-
gory types and greater activity in the parahippocampal cortex
for those categories that evoked a spatial or autobiographical
context. Following this study, Greenberg et al. (2009) found
that patients with bilateral or unilateral MTL lesions were
more impaired for categories that required strategies based
upon episodic memory processes (autobiographical and spatial
categories) than those that did not (nonepisodic categories).

What has yet to be examined is precisely how and when ep-
isodic memory processes mediated by the MTL contribute to
performance on tests of category fluency. The main objective
of the present study is to investigate when episodic memory
contributes to fluency tasks. We suggest that this contribution
will vary based on the nature of the task, as discussed above,
but also on the time-course of item generation, as fluency task
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parameters change. In the early stages of some fluency tasks,
category fluency is defined as a closed-ended task in that
responses are determined by a set of prototypical exemplars
evoked by the category cue (e.g. generating knife, fork, spoon
for the category kitchen utensils). These responses are com-
mon to most individuals in a cohort given that they can be
derived from a network of items that are strongly associated
with the cue or are highly representative of that semantic cate-
gory (Crowe, 1998). For such categories, as the task pro-
gresses, the responses will become more idiosyncratic and vari-
able. As a result, item generation will reflect the individual’s
particular experiences and associations, leading to responses
that consist of less representative members of the category
(e.g. scissors, turkey baster, apple corer for kitchen utensils).
In other words, at these later stages, the task of generating
items can be considered to be more “open-ended” in that the
exemplars are now not as tightly determined by their prototy-
picality or associations in semantic memory. In such cases, if
the task allows, responses are determined by other factors,
such as one’s experience with the items (e.g. “let me think of
what is in my kitchen”), lending themselves to an episodic
rather than semantic strategy.

Under our hypothesis, we suggest that the likelihood of draw-
ing on episodic memory, and how soon one does so during per-
formance, will vary with the type of category and the task charac-
teristics that change during fluency. Taking this further, we sug-
gest that open-ended tasks, those for which standard responses or
set procedures for arriving at the needed information do not
exist, will invoke MTL-based episodic memory processes.

Some categories lend themselves to an episodic or autobio-
graphical strategy from the beginning and throughout the task
given the open-ended and episodic nature of the task (e.g.
names of friends), some categories only after a semantic strat-
egy becomes less useful and the task becomes progressively
more open-ended (e.g. kitchen utensils in which both proto-
typical and personal information exists). For other categories,
an episodic strategy is difficult to implement or is unlikely to
provide worthwhile information (e.g. government offices), and
thus will not be implemented at all. In other words, if a cate-
gory is open-ended and based on autobiographical informa-
tion from the beginning, then episodic memory will be
engaged at all time points. If a category can benefit from
recovering related autobiographical or contextual details (given
that recovering contextual information is a crucial aspect of
episodic memory processes) as it becomes more open-ended
as it progresses, then episodic memory will be recruited for
the task after initial semantic search strategies have been ex-
hausted or are too inefficient to prove useful. If strategies
based on episodic memory are not useful (e.g. naming govern-
ment offices or phonemic fluency), then even when the task is
open-ended, the MTLs are unlikely to be engaged at any
point. Put simply, the interaction of open-endedness and epi-
sodic relevance, both in terms of autobiographical and spatial
content (as it defines the context of episodic memory), deter-
mine the time course and extent to which the MTL will be
engaged in the semantic task.
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The Current Study

To test the hypothesis that episodic memory processes sup-
ported by the MTL are engaged more when semantic tasks are
open-ended, the degree of MTL activation was examined while
participants generated items for categories that drew upon epi-
sodic memory to varying degrees (Ryan et al., 2008). The pres-
ent study differed from a previous study that investigated
regions involved in category fluency (Ryan et al., 2008) in two
important respects. First, participants were given a longer gen-
eration time than in the previous study to enable examination
of the time-course of performance, during both closed and
open-ended task periods. If category generation can benefit
from episodic memory, then episodic memory processes sup-
ported by the MTL will contribute to the extent that the task
is open-ended. Second, phonemic fluency was included in this
study not only for its own inherent interest, but also to serve
as a baseline task to control for general characteristics of verbal
fluency, such as response generation and difficulty across differ-
ent time intervals.

The categories used were similar to those of Ryan et al.
(2008). Ryan et al. asked over 40 undergraduates to state the
strategies they used to generate items to 60 categories. From
these categories, 15 were assigned to each of three category
types based on normative data on how generating exemplars
proceeded: (1) open-ended throughout, which we called auzo-
biographical categories, as they relied crucially on autobiograph-
ical information (e.g. names of friends). Exemplar generation
from this category is likely to activate structures that comprise
an autobiographical memory network that in addition to the
MTL, includes the medial frontal and posterior parietal cortex
(Maguire, 2001; Gilboa, 2004; Addis et al., 2007). (2) Closed-
ended throughout, which we called nonepisodic (e.g. governmen-
tal positions) for which contextual episodic information or auto-
biographical memories are not likely to help in exemplar gener-
ation. For these categories, we predict that little MTL involve-
ment will be found at any stage during the task. It is also
predicted that these categories will activate a network of brain
regions that is more representative of semantic retrieval, such as
the inferior and lateral aspects of the temporal lobe (Binney
et al., 2010). (3) Spatial/context categories (e.g. kitchen utensils)
which change from closed-ended to open-ended with task pro-
gression. For such categories, one is likely to rely on highly fre-
quent prototypical exemplars derived from semantic memory in
the early stages, but then turn to processes associated with epi-
sodic memory once the semantic strategy loses its usefulness or
items from it are exhausted. Increases in MTL activation are
expected to accompany the shift from a semantic strategy in
early stages to an episodic one in later stages. Moreover, given
that these categories draw on scenes and on contextual informa-
tion, we predict activation of a network of regions involved in
inspection of spatial imagery, namely the right parahippocam-
pal cortex and the precuneus (e.g. Hassabis et al., 2007).

As stated earlier, participants were also given a phonemic
fluency task (e.g. words that start with F), which also has no
episodic component and has been shown to rely upon executive

functions mediated by the prefrontal cortex (Milner and Pet-
rides, 1984; Baldo et al., 2006). This task served as a control
measure for nonspecific factors associated with item generation
in the other verbal fluency tasks.

MATERIALS AND METHODS

Experiment 1: Behavioral Study

Before turning to the neuroimaging study, we begin with a
behavioral study to test our conjecture regarding the extent to
which different category fluency tasks and task periods are
open-ended or close-ended. As we noted earlier, we define a
closed-ended task as one in which solutions are based on the
application of algorithm and rules, or on the use of prototypi-
cal responses. With respect to category fluency, this implies a
uniformity of responses across individuals. By contrast, an
open-ended task is one in which solutions rely on the applica-
tion of idiosyncratic strategies or information, based on epi-
sodic memories which are peculiar to each individual. As a
result, as category fluency becomes more open-ended, the vari-
ability in responses across individuals will increase. In other
words, exemplar generation will be more distinct across individ-
uals (individual differences will be greater) for tasks that are
open-ended than closed-ended.

To obtain an objective measure of endedness, we measured
the distinctiveness/variability of items by comparing responses
among participants in early and late item generation periods
for the three assigned categories: autobiographical, spatial, and
nonepisodic categories. According to our hypothesis, we pre-
dicted that autobiographical categories would show high levels
of distinctiveness throughout the task, with no difference
between early-generated and late-generated items; there will be
many distinct items across participants throughout the genera-
tion time. By comparison, we predicted low-levels of distinc-
tiveness for the nonepisodic categories throughout the task, as
exemplar generation in this task is based more on semantic
memory and are less likely to benefit from idiosyncratic
responses based on episodic memory. For the spatial/context
categories, we predicted a shift in distinctiveness between early
and late stages of exemplar generation, reflecting the shift from
a closed-ended task dependent on semantic memory (prototypi-
cality) to a more open-ended task dependent on episodic mem-
ory (idiosyncratic).

Participants

There were 20 participants in this experiment [eight females;
mean age = 23 years (SD = 5.3); mean years of education =
16 years (SD = 2.2)]. None of these participants participated
in the subsequent neuroimaging experiment. All had normal or
corrected to normal vision, were free from neurological or psy-
chiatric illness, and English was their primary language. The
majority of the participants were undergraduate students at the

Hippocampus
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TABLE 1.

Categories and Category Types From Which Exemplars Were Generated in Experiments 1 and 2

Autobiographical Spatial Nonepisodic Phonemic
Books you've read Things in a garage Pollutants F
Movies you've seen Items in dresser drawers Famous people A
Jobs you've worked Furniture in a living room Cars S
Brand name of clothes you own Utensils in a kitchen Random numbers C
CD’s you own Things in a bedroom Superheroes L
People you work with Things in a house Things in a jail cell B
Things you keep in your pocket Attractions in Toronto Animals from smallest to largest M
Names of family members Things on a desk Crimes R
Classes you took in High School Things that go on feet Modes of transportation T
Sports that you've played Food in a fridge Sharp objects D
Cities you've visited Places to eat at Things that are red P
Your favorite foods Things in a closet Foreign countries N
Names of your friends Things in a bathroom Governmental positions G
Games on your computer Office items Types of sports H
Shops in your local mall Things on a wall Things that cost less than $1 o

University of Toronto and all participants received an honorar-
ium for their participation.

Materials

Categories from Ryan et al. (2008) were used in this experi-
ment (Table 1). Of note, the category “random numbers” was
simply “numbers” for this experiment.

Procedure

On a computer screen, participants were presented with
instructions that described the task: they were to think of 12
items that belonged to various categories as quickly as they
could. Twelve items were chosen because, based on previously
collected data, the average time to generate 12 items for these
categories was close to the time that subsequent participants
would be given to generate items in the scanner in the follow-
ing study. The categories were presented on the center of the
computer screen, signaling the start of the task and remained
on the computer screen for the entire duration of the task.
Responses were recorded via an electronic recorder as well as
by hand by the experimenter.

Results and discussion

Distinctiveness of the items generated was examined using the
experimenter-assigned categories and category types used by
Ryan et al. (2008; please refer to this article for a detailed
description of category assignment). To obtain a measure of dis-
tinctiveness in early and late item generation periods, the num-
ber of different items across all 20 participants was counted for
the first and final three items. Words that were close synonyms
(e.g. couch and sofa, rocket ship and spaceship, or notepad and
paper) were not counted as distinct because these items refer to
the same semantic item using different linguistic labels. For
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some categories, albeit very few, some participants misunder-
stood the types of items to generate (e.g. for the category fa-
mous people, generating the items “greed” and “beautiful”). In
these cases, those responses were eliminated. Thus to calculate
an unbiased measure of distinctiveness, we divided the total
number of distinct items by the total number of items gener-
ated during the generation periods across all participants, result-
ing in a percent distinctiveness rating for early and late item
generation. The distinctiveness rating for these two periods was
averaged for categories belonging to the autobiographical, spa-
tial, and nonepisodic categories and is presented in Figure 1.
As illustrated in Figure 1, the results confirmed our predic-
tions regarding distinctiveness in the three categories across
time. The percent distinctiveness was high for both time peri-
ods for the autobiographical categories, mid to low for both
time periods for the nonepisodic categories, and increased for
the spatial categories from ecarly to late generation periods. A
%> analysis examining the counts in early and late periods

g 1007 First

§ o0 . | B Last

€ ol pt

o 40 ols

- -

g 20 1

: 0 T T

Autobiographical Spatial Non-episodic

FIGURE 1. The average percent distinct items generated in the

initial (first three items) and final (last three items) time periods
across 20 participants to autobiographical, spatial, and nonepiso-
dic categories for Experiment 1. Standard error bars are shown.
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across the three category types revealed that early and late fre-
quency or counts differed between the category types (x° =
9.80, P = 0.007). A subsequent % analyses revealed that only
the spatial categories showed such a significant difference in
distinctiveness rating from what would expected if no change
occurred (x> = 21.16, P < 0.001). There was no difference
for the nonepisodic and autobiographical categories between
the two time periods (x> = 1.04, P = 0.31; x> = 0.72, P =
0.39, respectively). Overall, these results provide evidence that
it is only the spatial categories that switch from being a closed-
ended task to an open-ended task. The autobiographical and
the nonepisodic task remained, respectively, open-ended and
closed-ended throughout.

Experiment 2: Functional Neuroimaging

Participants were scanned while generating exemplars during
each of the three category fluency tasks, and during a phonemic
fluency task. We first examined the overall activity in these four
tasks to determine their effect on brain activation. Here we
expect that for tasks that are nonepisodic, regions associated
with semantic memory, such as the left lateral temporal lobe,
and inferior prefrontal cortex will be activated preferentially,
whereas for categories that are episodic, regions of the episodic
memory networks, such as the MTL, medial prefrontal cortex,
and the precuneus, will be activated preferentially. Using pho-
nemic fluency as a baseline to control for nonspecific factors
that may influence activation across time, we then tested our
main hypothesis that the MTL would contribute most to verbal
fluency in those conditions in which the task is open-ended.
Based on the results of Experiment 1, we predict that activation
of the MTL and other regions that comprise the episodic/auto-
biographical memory network will be greatest in the autobio-
graphical task and the later stages of the spatial task, but least
or absent for the nonepisodic task and the early stages of the
spatial task.

Participants

Sixteen participants (ten females; mean age 24.8 years, SD
= 4.5; mean education 17.0 years, SD = 2.3; all right handed)
with normal or corrected to normal vision participated in this
study. All participants were free of psychiatric and neurological
disorders, serious head injury, substance abuse, hypertension, or
other conditions that are unsuitable for an MRI environment.
Informed consent was obtained from all participants and all ex-
perimental procedures were in accordance with the Rotman
Research Institute/Baycrest Hospital ethical guidelines. Partici-
pants received compensation upon completion of the study.

Stimuli

Forty-five different categories (Table 1) were presented to
participants. The categories used drew on one of three types as
determined and used in a previous study by Ryan et al. (2008;
also see Vallée-Tourangeau et al., 1998). Fifteen of these catego-
ries draw upon autobiographical information (autobiographical

categories, e.g. movies you've seen), 15 categories that are likely
not to evoke episodic processes to generate items or they draw
upon semantic information (nonepisodic categories, e.g. govern-
mental positions), and 15 categories draw upon potentially
autobiographical and/or spatial contextual information (spatial/
context categories, e.g. kitchen items). An additional 15 catego-
ries that are phonemic categories (think of words that begin
with a particular letter) and 15 trials of a visual-motor baseline
task (press a button when you see an “X”) were also given to
the participants.

Procedure

Before scanning, the participants received experimental
instructions and several examples. They were told that the
name of a category would appear and they were to generate
(silently) as many items that belonged to that category as they
could, pressing a button with their right index finger every
time they generated an item. For the phonemic fluency cate-
gory, they were told not to generate proper names (Lezak,
1995). While in the scanner, participants were presented visu-
ally with each category in a pseudo-random order. Based on
pilot testing to establish an appropriate amount of generation
time, participants were given 36 s to generate as many items as
they could which belong to that category, again, pressing the
button each time an item was generated. The name of the cate-
gory remained on the screen for the entire generation time.
Each category run was separated by a 12 s interstimulus inter-
val in which the participants were instructed to rest. For the
visual-motor baseline condition, the presentation of the X was
randomly jittered across the 36 s so that each X is presented
with an interstimulus interval of 1,000 ms to 7,000 ms. Partici-
pants completed all 60 categories and 15 baseline tasks in five
functional imaging runs. Each run lasted approximately 12
min.

Postscan interview

After scanning, participants completed a postscan interview.
They were taken to a testing room outside of the MRI suite.
On a computer, they were again presented with each category
(in random order) and for each category they were asked to
rate how difficult it was to think of items for each category on
a scale of 1 to 7. Participants were also asked to recall items
that they generated while in the scanner. This procedure was
included as a means to determine the number of items recol-
lected from each category, but given that there was no objective
way of determining if the items the participants said they
recalled were, in fact, recalled (verbal responses were not per-
mitted inside the scanner), these data should be interpreted
cautiously.

Image acquisition

All imaging was performed on a 3T Siemens full-body MRI
machine with a standard 12-channel array head coil located at
the Rotman Research Institute/Baycrest Hospital. Anatomical
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FIGURE 2. Regions that are include in the AFNI ROI tem-
plates for the left, right hippocampus, and the left and right para-
hippocampal gyrus (voxels included in each ROI are defined in the
San Antonio Talairach Daemon created by tracing Talairach and
Tournoux brain illustrations). [Color figure can be viewed in the
online issue, which is available at wileyonlinelibrary.com.]

scans were acquired via T1-weighted volumetric MRI (TR =
2,000 ms, TE = 2.63 ms, 160 axial slices, 1.0 mm thick,
FOV = 256 mm). For the functional images, 30.5 mm thick
axial slices with T2*weighted EPI pulse sequence were
obtained (TR = 2,000 ms, TE = 30 ms, flip angle = 70°,
FOV = 200 mm) with no spacing. The spatial resolution
(voxel size) was 1 X 1 X 1 mm.

Imaging analysis

All imaging processing and analyses was done using AFNI
software package, version 2.0 (Cox, 1996; Cox and Hyde,
1997). The first 10 images that were acquired before the task
in each functional run were excluded from all analyses because
it is likely that brain magnetization had not yet reached a
steady state. Images were first reconstructed, then corrected for
physiological movement due to heart rate and respiration, slice-
timing corrected to the first slice and motion corrected using a
three-dimensional Fourier transform interpolation with a func-
tional volume that minimized the amount of motion to
approximately 1.5 mm. The images were normalized to a
standard Talairach space using linear transformation, smoothed
with an isotropic 6 mm FWHM Gaussian filter and resliced to
2 mm X 2 mm X 2 mm voxels. Each participant’s anatomical
image was transformed to standard Talairach atlas space
(Talairach and Tournoux, 1988).

The five functional runs were concatenated and the BOLD
signal activation for each participant in each condition was
established with respect to activity during the visual-motor
baseline task for examining overall category activation. Func-
tional images were matched to the reference brain with align-
ment parameters from the structural scans.

Statistical analyses were performed in two phases. A two-fac-
tor analysis of variance (ANOVA) with category type as a fixed
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factor and participant as a random factor was used to examine
the BOLD response associated with each category type. The
statistical threshold was set to 2 < 0.001 when looking at acti-
vations within the whole brain. Based on the AFNI AlphaSim
program http://afni.nimh.nih.gov/afni/docpdf/

alphasim.pdf); a minimum cluster size of 62 was used to cor-

(available at:

rect for multiple comparisons.

Given the outlined specific hypotheses concerning brain
regions (i.e. the MTL; hippocampus and parahippocampal cor-
tex), region of interest (ROI) analysis was used. The hippocam-
pus, bilaterally, and the parahippocampal gyri, bilaterally, were
anatomically defined at a group level, using the AFNI brain
region templates (see Fig. 2 for the areas that are included in
the AFNI standard hippocampal and parahippocampal tem-
plates). Because of these small volumes and because MTL
regions have lower amplitude hemodynamic responses than
other brain regions (e.g. Addis et al., 2007; Ryan et al., 2008),
we used a less stringent statistical threshold of P < 0.005 with
a cluster size of 11 for the hippocampal ROI and a cluster size
of 32 for the parahippocampal cortex ROI, both corrected
for multiple comparisons based upon the results
AlphaSim (available at: http://afni.nimh.nih.gov/afni/docpdf/
alphasim.pdf).

RESULTS

Behavioral Results

from

Figure 3 plots the average number of items that were gener-
ated for each category type while the participants were in the
scanner. There was a difference in the mean number of items
generated among the four category types (F345) = 8.72, P <
0.001). Post hoc pair-wise comparisons revealed that there was
no difference in the mean number of items generated between
the phonemic and spatial/context categories (P = 0.87) nor
between the phonemic and nonepisodic categories (P = 1.00),

14
12
10

Autobiographical Spatial Non-epsiodic

Number
-]

IS -3

N

=3

Phonemic

FIGURE 3. The average number of generated items for auto-
biographical, spatial, nonepisodic, and phonemic categories across
16 participants while in the scanner (Experiment 2). Standard
error bars are shown.
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TABLE 2.

Brain Regions and Their Co-ordinates (Talairach) Within the Medial
Temporal Lobes Activated for Each Category Type Compared With
Visual Motor Baseline (P < 0.005)

Region L/R  «x y z  Volume Max int
Hippocampus L
Autobiographical -30 -30 -6 272 122
Spatial -32 —-30 -—10 328 1.87
Nonepisodic’ -32 -32 —4 224 0.74
Phonemic
Hippocampus R
Autobiographical
Spatial 30 —-38 -2 136 1.21
Nonepisodic
Phonemic
Parahippocampal gyrus L
Autobiographical —-10 —48 2 2,304 7.20
Spatial —-26 —44 -10 3816 5.14
—-10 —48 2 720 6.62
Nonepisodic -12 =50 4 384 5.38
-22 —44 -10 376 2.18
Phonemic
Parahippocampal gyrus R
Autobiographical 12 =50 4 552 4.96
Spatial 26 =32 —18 2,544 2.48
12 =50 4 576 4.30
Nonepisodic
Phonemic

xyz values represent the maximum intensity value coordinates. Volume is that
which makes the cluster, in microliters, and max int represents the maximum
intensity value for that volume or cluster.

P < 0.05.

but there were significant differences between the nonepisodic
and spatial/context categories (P = 0.027), and between the
autobiographical categories and the phonemic (2 = 0.007) and
the spatial/context (P < 0.001) categories.

Three participants’ data were not recorded during the postscan
interview due to computer error (note this error was only for the
postscan interview, not for collecting neuroimaging data for
which all 16 participants’ data were used). For the remaining 13
participants there was no difference in the average difficulty rat-
ing across category type (F(336 = 1.102, P > 0.05). Important
to the analysis of early versus late item generation, there was no
significant difference in terms of perceived difficulty between the
phonemic categories and any of the other category types. Not
surprisingly, there was a significant negative correlation between
mean difficulty scores and the mean number of items generated
for each category type across participants (autobiographical » =
—0.469, P < 0.001; spatial/context » = —0.320, 2 < 0.001;
nonepisodic » = —0.629, P < 0.001; phonemic » = —0.519, P
< 0.001). That is, the higher the difficulty rating (the more dif-
ficult), the fewer the number of items that were generated.

Because the number of items generated differed among the cate-
gories, we examined postscanning recall by considering the ratio of

the number recalled/the number generated in the scanner. As
noted previously, these data should be interpreted with some cau-
tion because we cannot ascertain if the item recalled actually was
generated in the scanner, though the likelihood of recalling new
items is very low. An ANOVA showed there was a significant dif-
ference in the recall ratio across category type (F336 = 19.579, P
< 0.001) with the ratio being smaller for the phonemic category
(0.22, SD = 0.19) than for the three others (autobiographical =
0.49, SD 0.08; spatial = 0.37, SD = 0.14; nonepisodic =
0.45, SD = 0.09). Subsequent simple comparisons among the
three other categories showed that the recall ratio was significanty

greater for autobiographical categories compared to the spadal cat-
egories (P = 0.005), with no significant difference between these
two categories and the nonepisodic categories.

fMRI Results: Overall Category Activity
ROI analysis of the medial temporal lobe regions

Table 2 displays the coordinates and cluster sizes for areas
within the left and right hippocampus and left and right para-
hippocampal cortex in response to each category type using the
visual motor condition as a baseline over the generation period
(also see Fig. 4). The generation period was defined individually
for each participant and each category. This period began when
the initial item was generated and ended when the last item was
generated so as to ensure that the participant was on task.
Within the hippocampus, there were no regions of activity that
survived the correction for multiple comparisons for the phone-
mic category and the nonepisodic categories; but, at a higher
threshold of P < 0.05, a cluster within the left hippocampus
was significantly active for the nonepisodic categories (corrected
for multiple comparisons). Autobiographical categories showed a
significant cluster of activity in the left hippocampus that was
similar in extent to the significant cluster in the left hippocam-
pus found for the spatial categories. The spatial categories were
the only category type to elicit a significant cluster within the
right hippocampus. Autobiographical, nonepisodic, and spadial
category types showed significant regions of activation within the
left parahippocampal cortex whereas the phonemic categories did
not. The spatial and autobiographical categories activated the
areas within the right parahippocampal cortex significantly, but
the nonepisodic and phonemic categories did not.

Whole brain analysis

Activity for each category was contrasted to the visual motor
baseline task across the whole brain. Table 3 lists the regions
with the peak coordinates and clusters that were active for each
category type. A large cluster that covered the frontal and tem-
poral regions, including the medial temporal lobe regions, was
found for the autobiographical categories (with peak coordi-
nates in the lingual gyrus) and for the spatial and nonepisodic
categories (with peak coordinates in the middle frontal regions
for the latter two categories). Of note was the finding of signifi-
cant activity within the left precuneus region for all three cate-
gory types, but not for phonemic fluency.

Hippocampus
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FIGURE 4. a. A ROI group analysis of hippocampal and par-
ahippocampal regions using AFNI templates for the autobiograph-
ical categories when compared with a visual motor baseline. X-Y-Z
coordinates of the intersection is the voxel of maximum intensity.
Left panel is the left hippocampal ROI (=30 —30 —6), middle
panel is the left parahippocampal ROI (—10 —48 2) and right
panel is the right parahippocampal ROI (12 —50 4). The clusters
shown are significant at P < 0.005, SVC. b. A ROI group analysis
of hippocampal and parahippocampal regions using AFNI tem-
plates for the spatial categories when compared to a visual motor
baseline. X-¥-Z coordinates of the intersection is the voxel of max-

imum intensity. Top left panel is the left hippocampal ROI (—32

“Episodically relevant” versus “episodically
irrelevant” categories

To examine brain regions that were active for the categories
thought to depend on episodic information and those regions
involved in the categories thought to be episodically irrelevant,
we contrasted autobiographical + spatial to the nonepisodic +
phonemic categories. Areas that were more active for the “epi-
sodically relevant” categories included the MTL bilaterally as
well as bilateral posterior parietal areas, medial frontal, and
temporal regions. Areas that were more active for the “episodi-
cally irrelevant” categories were bilateral frontal regions, partic-
ularly the inferior frontal regions, and the left fusiform gyrus

(Table 4).

Autobiographical versus spatial categories

To compare brains regions that were active for the two cate-
gories predicted to involve episodic memory, the autobiographi-

Hippocampus

—30 —10), top right panel is the right hippocampal ROI (30
—38 —2), bottom left panel is the left parahippocampal ROI
(—26 —44 —10) and bottom right panel is the right parahippo-
campal ROI (26 —32 —18). The clusters shown are significant at
P < 0.005, SVC. c. A ROI group analysis of hippocampal and par-
ahippocampal regions using AFNI templates for the nonepisodic
categories when compared with a visual motor baseline. X-Y-Z
coordinates of the intersection is the voxel of maximum intensity.
Only the left parahippocampal gyrus ROI (—12 —50 4) had a sig-
nificant cluster at P < 0.005, SVC. [Color figure can be viewed in
the online issue, which is available at wileyonlinelibrary.com.]

cal and spatial categories were then contrasted with one another
(Table 5) across the whole brain. Areas that were more active
for the autobiographical categories included regions in the
medial frontal, left cuneus, right angular gyrus, left fusiform
gyrus, bilateral middle temporal gyrus, and an anterior region
in the left parahippocampal cortex. Areas that were more active
for the spatial categories were the left and right parahippocam-
pal cortex (posterior regions), the left precuneus, and an area of
the medial frontal lobe that is more posterior than the area
found for the autobiographical categories.

fMRI Results: Early Versus Late Activity
Analysis

To investigate possible changes in activation over time, gen-
eration time was divided into early and late for each category
type (with a middle generation period to allow for signal drop
off). We then examined the magnitudes of neural activity that
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TABLE 3.

Brain Regions Outside of the Medial Temporal Lobes More Activated by Each of the Four Category Types When Compared With a Visual

Motor Baseline Task (P < 0.001)

Category type x y z Volume Max int
Autobiographical
Left lingual gyrus -10 —-52 2 178,144 8.86
Right cerebellum 4 —54 —42 3,944 2.67
Left precuneus —-30 -73 46 3,264 5.17
Left middle temporal gyrus —58 —42 0 496 2.60
Spatial
Left middle frontal gyrus —48 12 34 166,568 8.97
Left precuneus/superior parietal lobule —28 —74 46 8,040 5.89
Right cerebellum 24 —34 —36 1,392 2.46
Right thalamus 14 —4 10 672 1.33
Nonepisodic
Left middle frontal gyrus —48 12 34 88,704 8.89
Right cerebellum 32 —64 —-20 25,704 5.53
Left precuneus/superior parietal lobule -30 —74 44 2,664 4.66
Phonemic
Left inferior frontal gyrus —48 10 34 88,056 9.56
Right cerebellum 32 —64 —-20 30,464 7.15
Left fusiform gyrus —48 —60 —16 8,200 6.09
Left superior parietal lobule -30 —68 44 4,176 4.66
Left culmen —-10 —52 -2 584 4.39
Right caudate 16 —22 22 584 1.37

xyz values represent the maximum intensity value coordinates. Volume is that which makes the cluster, in microliters and max int. represents the maximum inten-

sity value for that volume or cluster.

corresponded to the initial 12 s and final 12 s of interest (with
a middle generation time of at least 6 s). We chose to examine
time bins rather than item bins because we were interested in
the generation process at different time points rather than the
number of items generated.

These time points were determined for each category and for
each participant individually. Those categories for which few
items were generated (fewer than six items) were excluded from
this analysis because the generation time was too short to per-
mit examination of any process change that occurred in the
interval. To control for increasing drift associated with stimulus
presentation time as well as for possible increasing levels of dif-
ficulty associated with later compared with earlier generated
items, phonemic fluency was used a baseline in all the subse-
quent analyses. A three-factor analysis of variance (ANOVA)
with category type and time period (early vs. late) as fixed fac-
tors and participant as a random factor was used to examine
the BOLD response associated with each time period for each
category type. A more liberal threshold of P < 0.05 was used
for this set of analysis because of the fewer data points involved
in each condition.

ROI of the medial temporal lobes

Spatial categories showed significant clusters of activation
within the MTL when later generated items were contrasted
with earlier generated items. Specifically, clusters within the left

TABLE 4.

Contrast Between Episodically Relevant (Autobiographical and
Spatial) and Episodically Irrelevant (Nonepisodic and Phonemic)
Categories (P < 0.001)

Max

Category type x y z  Volume int

Episodically relevant (autobiographical and spatial)

Right posterior cingulate gyrus 6 —54 12 62376  7.65
Left medial frontal gyrus 0 52 0 31,288 854
Left angular gyrus —40 -78 32 12,600 5.87
Right precuneus 38 —78 36 9,736 4.51
Right middle frontal gyrus 28 22 54 9,280 293
Right cerebellum 10 —44 —42 5792 326

40 —66 —46 1,056 271

12 -90 -28 584  2.56
Left middle temporal gyrus -60 —16 -8 2,760  2.83
Left cerebellum —-36 —54 32 688 147
Right middle temporal gyrus 58 —4 -—16 568 212

Episodically irrelevant (nonepisodic and phonemic)

Left inferior frontal gyrus —52 4 26 7,016 441
Left inferior parietal lobule -50 —42 54 4440 291
Right inferior parietal lobule 52 —40 54 3,520 2.64
Right inferior frontal gyrus 50 6 28 2,136  3.23
Left fusiform gyrus —-44 -56 -10 992 3.13

xyz values represent the maximum intensity value coordinates. Volume is that
which makes the cluster, in microliters, and max int represents the maximum
intensity value for that volume or cluster.

Hippocampus
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TABLE 5.

Contrast Between Autobiographical and Spatial Categories
(P < 0.001)

Max
Category type X y z Volume int
Spatial
Left parahippocampal gyrus -28 —46 —6 7,728  2.60
Left precuneus -12 =76 48 5,936 3.18
Right parahippocampal gyrus 30 —42 -6 3,184 2.10
Right middle temporal gyrus 42 -80 24 784  1.50
Right precuneus 18 —58 20 712 1.80
Left medial frontal —22 2 54 600 1.01
Autobiographical
Left medial frontal -2 52 8 33,584 5.88
Left cuneus 0 —68 34 13576 425
Right angular gyrus/TPJ] 48 —66 38 8,384  2.66
Left angular gyrus —46 -70 36 6,768 224
Left cerebellum -6 —-82 -14 4,920 1.79
Left fusiform gyrus -26 -84 -—18 3,376  1.90
Left middle temporal gyrus -60 -18 -8 2,568 243
Right middle temporal gyrus 60 -6 —12 2,048  1.67
Right cerebellum 4 52 42 1,176 1.32
Left parahippocampal -20 -18 -19 944 233
gyrus (anterior)
Right parahippocampal 18 —-16 -10 504 198

gyrus (anterior)

xyz values represent the maximum intensity value coordinates. Volume is that
which makes the cluster, in microliters, and max int represents the maximum
intensity value for that volume or cluster.

and right parahippocampal gyri and the right hippocampus at
P < 0.05 (corrected for multiple comparisons) were more
active for the later items (Table 6; also see Fig. 5). There were
no regions of higher activation for the earlier items. No regions
within the MTL survived the chosen statistical threshold for
the autobiographical categories suggesting equivalent activation
at both points. No differences between early and late items
were found for the nonepisodic categories, as there was an ab-
sence of activation in each.

Effect size

Percent signal change was also calculated for each time pe-
riod as a numerical measure of the effect size by anatomically-
defined masks of the left hippocampus and the right hippocam-
pus and using a finite impulse response model, dividing the
generation time into miniblocks and then binning these IRFs
into early, late, and middle time bins. The signal was averaged
for the time bins of interest (i.e. early and late time periods)
for each category type and for each participant. These two time
periods were then compared for each category.

Figure 6 shows that there was a significant difference in the
signal for the later items compared with the early items only
for the spatial category, in both the left and right hippocampus
(tas) = 2.31, P < 0.05; ¢35y = 2.16, P < 0.05, for the left

Hippocampus

and right, respectively) but not for the autobiographical or
nonepisodic categories in the left (¢35 = 0.436, P > 0.05;
tasy = 1.074, P > 0.05, respectively) or the right hippocam-
pus (a5 = 0.695, P > 0.05; 535y = 0.003, P > 0.05, respec-
tively). Also notable is the finding that the activity level for
both early and late generation times for the autobiographical
category was similar to that of the later generated items for the
spatial categories. Conversely, the activity for the earlier gener-
ated items for the spatial categories was similar to the activity
level to that of the nonepisodic categories at both the early and
late generation periods.

Brain regions outside of the MTL

A whole-brain analysis was done using the same 12-s epochs
(two analyses: one for early and one for late generation periods)
for each category type with the threshold set at a more conserv-
ative 0.001, given that we are looking at the whole brain. As
shown in Table 7, an area within the left precuneus was more
active for late than early items for the spatial categories. Areas
that were more involved in early item generation compared
with later generated items for the spatial categories included
the left precentral gyrus, left inferior parietal lobule, right cere-
bellum, left superior frontal gyrus, and left fusiform gyrus.
While there were no areas that were specifically involved in late
item generation for the autobiographical categories, there were
regions that were specifically involved in early item generation.
These included regions in the right superior frontal lobe, left
middle frontal gyrus, left fusiform gyrus, and the right superior
temporal gyrus. Nonepisodic categories also did not show areas
that were more active for later compared with earlier generated
items, but did show areas that were more involved in early
item generation such as regions in the left precentral gyrus, left
inferior frontal gyrus, and left inferior parietal lobule.

TABLE 6.

Brain Regions Within the Medial Temporal Lobes Activated for Late
> Early Time Periods by Each of the Four Category Types (P < 0.05)

Region L/R  x y z  Volume Max int

Hippocampus R
Autobiographical
Spatial 32
Nonepisodic
Parahippocampal gyrus L
Autobiographical
Spatial
Nonepisodic
Parahippocampal gyrus R
Autobiographical
Spatial 22
Nonepisodic

—26 -—10 168 0.88

—-26 —44 -10 3,056 0.83

—40 -10 1,400 0.48

xyz values represent the maximum intensity value coordinates. Volume is that
which makes the cluster, in microliters, and max int represents the maximum
intensity value for that volume or cluster.
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FIGURE 5. A ROI group analysis of the right hippocampus
(leftmost pane, 32 —26 —10) and left (middle pane, —26 —44
—10) and right parahippocampal gyrus (rightmost pane, 22 —40
—10) using AFNI template comparing late > early generated items

DISCUSSION

The present results suggest that even on tests that are osten-
sibly semantic, there are contributions from both semantic and
episodic memory processes. As predicted, and based on the
results of Experiment 1, the extent to which the MTL and the
hippocampus in particular was activated during performance
on verbal fluency tests varied with type of category and the
time-course of item generation. Involvement of the MTL and
related structures in the autobiographical network was evident
throughout the autobiographical category tasks which, Experi-
ment 1 showed, drew on distinct information from the begin-
ning. For the spatial category tests, similar levels of activation
in those regions were evident only at later stages when
responses became progressively more distinctive, indicative of
more open-endedness. Activation of the MTL and related
structures was minimal or absent on category fluency tests,
such as the nonepisodic tasks and the early stages of the spatial
task, that drew more on information from semantic, rather
than episodic, memory, reflecting the closed-ended nature of
the tasks. The results will be discussed in more detail, first in
terms of overall activity summed over the entire generation
time for each type of category, and then in terms of early and
late item generation periods within each category type.

Category Type

When examining the overall MTL activity involved in gener-
ating exemplars for various types of categories, those that drew
upon information from episodic memory (autobiographical and
spatial/context categories) activated both the hippocampus and
the parahippocampal cortex. Looking at the activation across
the entire generation time, the spatial/context categories (e.g.
kitchen utensils) activated the hippocampus bilaterally and
more extensive regions of the left and right posterior parahip-
pocampus cortex than did the autobiographical categories,
which activated only the left hippocampus and small areas of
the left parahippocampal cortex.

Aside from the hippocampus, the different category types
also activated other brain regions. Categories that required the
retrieval of autobiographical information (autobiographical cat-
egories) activated areas that are implicated in self-processing

for the spatial categories. X-Y-Z coordinates of the intersection is
the voxel of maximum intensity. The cluster shown is significant
at P < 0.05, SVC. [Color figure can be viewed in the online issue,
which is available at wileyonlinelibrary.com.]

and self-perspective taking, such as the medial frontal regions
and an area close to the temporoparietal junction (TPJ]) (Saxe
et al., 2006; Addis et al., 2007: Muscatell et al., 2010). Gener-
ating items for spatial/context categories activated regions in
the posterior right and left parahippocampal gyri and a region
in the left precuneus. Activation of these areas has been found
during spatial navigation and retrieval of episodic spatial rela-
tions (Fletcher et al., 1995; Parslow et al., 2004; Rosenbaum
et al., 2004) as well as during scene construction (Hassabis and
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FIGURE 6. The average percent signal change across all 16

participants in the left and the right hippocampus for initial and
final items. This percent change is shown for autobiographical,
spatial, and nonepisodic categories. Standard error bars are shown.
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TABLE 7.

Brain Regions Outside of the MTL That are Specifically Activated by
Each of the Four Category Types in Early and Late Item Generation
Time Periods (P < 0.001)

Time Max
Category type period x vy z Volume int
Region
Autobiographical Early
Left declive/fusiform gyrus —48 —56 —18 20,416 2.81
Left precentral gyrus =56 10 4 16,216 3.08
Right superior temporal gyrus 62 44 10 5600 1.75
Left superior frontal gyrus -2 -4 66 3,680 3.15
Right inferior frontal gyrus 38 20 -6 2960 1.48
48 6 30 528 0.77
Right cerebellum 20 =72 —44 2920 1.96
30 =70 —16 2,048 2.87
Right inferior occipital gyrus 40 -86 0 2,384 1.08
Left middle frontal gyrus —42 46 24 1,440 207
Right precentral gyrus 48 2 48 696 1.56
Right lentiform nucleus 18 8 4 656 1.18
Autobiographical Late
Spatial Early
Left precentral gyrus -56 6 8 6944 255
-54 0 44 3416 249
Left inferior parietal lobule —58 —32 48 4,008 1.76
Right cerebellum 26 —64 —48 2,536 148
22 =70 —18 880 1.98
Left superior frontal gyrus -2 —4 66 2032 293
Left fusiform gyrus —44 -56 —12 1,112 156
Right middle frontal gyrus 44 46 16 872 1.69
2 34 40 808 1.00
Right inferior parietal lobule 46 —40 58 864 2.10
Spatial Late
Left precuneus -12 =56 24 1,232 1.07
Nonepisodic Early
Left precentral gyrus —56 —2 44 1,784 1.78
Left inferior frontal gyrus =56 8 22 984 1.28
Left inferior parietal lobule —54 =32 34 704 1.03
Left superior frontal gyrus -4 -4 64 608 1.70
Left superior parietal lobule —32 =58 50 49 1.11
Nonepisodic Late

xyz values represent the maximum intensity value coordinates. Volume is that
which makes the cluster, in microliters, and max int represents the maximum
intensity value for that volume or cluster.

Maguire, 2007). In fact, the distinct roles of autobiographical
and spatial retrieval were reflected even within the hippocam-
pus: as already noted the spatial/context categories involved
both the left and right hippocampi and posterior regions of the
parahippocampal cortex bilaterally whereas the autobiographical
categories activated the left hippocampus and regions in the
parahippocampal cortex, namely the left. In fact, the laterality
of activation between the autobiographical and spatial catego-

Hippocampus

ries fit nicely with theories of left and right MTL function
(Milner, 1971), with the right parahippocampus being more
active during the spatial category task (Burgess et al., 2002),
and the left hippocampus more active on the autobiographical
task (Maguire, 2001; Gilboa, 2004).

There was no significant involvement of the hippocampus
for the phonemic and nonepisodic categories at a comparable
threshold to the other categories. At a lower threshold, how-
ever, regions in the left hippocampus and posterior parahippo-
campal cortex were active for the nonepisodic categories. There
are two plausible explanations for this MTL activity: first, it
may be that the MTL activity found for the nonepisodic cate-
gories reflect a base level of incidental encoding. Second, the
MTL activity may indicate that even for some of the categories
that were ostensibly nonepisodic, participants, nonetheless,
occasionally resorted to retrieving information from episodic
memory. For example, if a participant was taking a criminology
course, then he or she may recall what was learnt in class that
day to generate items for the category Crimes. Even so, less
MTL activity was found for these nonepisodic categories com-
pared with the autobiographical and spatial categories. The
nonepisodic categories also activated regions in the middle tem-
poral gyrus (Thompson-Schill, 2002; Lambon-Ralph and Pat-
terson, 2008) and areas in the angular gyrus, which have been
implicated in previous semantic retrieval tasks (e.g. Binder
et al., 1999).

The absence of MTL involvement in phonemic fluency was
not surprising given that other investigators have found that
phonemic fluency relies more on frontal, executive control
regions than category fluency (Milner and Petrides, 1984;
Baldo et al., 2006). There was significant activity in left lateral-
ized frontal regions, particularly the inferior frontal gyrus, and
posterior cortical regions, such as the left superior parietal
lobule, for the phonemic categories. These regions have been
implicated in phonemic fluency tasks in past investigations
(Phelps et al., 1997; Baldo et al., 2006; Whitney et al., 2009)
and are thought to be implicated in strategic retrieval and shift-
ing (see Troyer et al., 1997).

These particular findings are consistent with those of previ-
ous studies that have found a distinction between category flu-
ency and phonemic fluency. Baldo et al. (2006) found that
while category fluency activated temporal cortices, phonemic
fluency relied on frontal cortices (with the parietal cortices
implicated in both). More recently, Whitney et al. (2009)
found that category, associative (e.g. list associated words to
tree), and phonemic fluency all activated medial frontal cortices,
but there was significant activity in the MTL (the hippocampus
in particular) only for the category fluency and associative task,
which may reflect participants accessing related past episodes.
Our results are consistent with findings from patients with
selective frontal and temporal lesions or degeneration (e.g.
Newcombe, 1969; Troyer et al., 1998).

In fact, neurodegenerative conditions, such as Alzheimer’s
disease and semantic dementia both result in a deficit in cate-
gory fluency (Rogers and Friedman, 2008), with semantic de-
mentia being associated with a more severe impairment and
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Alzheimer’s disease with a more progressive decline (Rogers
et al., 2006a). In light of the current results, perhaps the
decline associated with Alzheimer’s dementia (more subtle defi-
cit early on in the disease) could be due to hippocampal and
anterior temporal lobe contributions to category fluency
(Troyer et al., 1998; Gleissner and Elger, 2001). Hippocampal
and entorhinal degeneration is associated with the early stages
of Alzheimer’s disease, and neocortical and specifically anterior
temporal degeneration is associated with later stages of Alzhei-
mer’s disease (e.g. Fox and Schott, 2004) and with semantic de-
mentia (Rogers et al., 2006). Early deficits in Alzheimer’s dis-
ease, due to hippocampal contributions to semantic tasks,
should result in less impairment; and later deficits, due to loss
of the integrity of the semantic representations, should lead to
more severe deficits similar to those observed in semantic de-
mentia (Westmacott et al., 2004).

The present findings differ slightly from those of Ryan et al.
(2008) on which this study was based. Although they found
similar hippocampal activity across the three types of categories
(autobiographical, spatial/context, nonepisodic), we found hip-
pocampal involvement for the autobiographical and spatial/con-
text, but not for the nonepisodic categories when using a statis-
tical threshold of P < 0.005. Furthermore, right hippocampal
involvement was found only for the spatial/context categories
and not the autobiographical categories. Differences between
our study and that of Ryan et al. is that they used fewer cate-
gories for each type and the spatial categories names that they
used were often defined by personal pronouns such yox and
your (e.g. things in your kitchen), making the task more autobio-
graphical. Our rationale for not including such pronouns was
based on the presumption that it necessarily evoked an autobio-
graphical strategy for generating items. It may be that using
such pronouns throughout the task, as Ryan et al. did, put par-
ticipants in an autobiographical strategy mode throughout the
experiment. This would account for the similar levels of MTL
activation for all of their category types in their study and the
difference between their findings and ours.

Early versus Late Item Generation

The main purpose of the present study was to look more
closely at how MTL activity during category fluency may be
affected by changes in processing strategies across different time
periods during the task. To do so, we first reported a behavioral
study that showed that distinctiveness an indicator of open-
endedness, was high for both early and late generation periods
in the autobiographical task, but changed from low to high as
the spatial task progressed. In our fMRI experiment, we pre-
dicted that MTL activity would be related to distinctiveness as
the latter reflects the open-endedness of the task that is deter-
mined by idiosyncratic responses based on information in epi-
sodic memory. Activity during early and late item generation
was contrasted for the three category types (autobiographical
categories, nonepisodic categories, and spatial/context categories)

using phonemic fluency as a baseline to control for changing
levels in difficulty and item generation across time.

As predicted, the MTL (right hippocampus and left and
right parahippocampal cortex) was significantly more active for
later generated items compared with earlier generated items for
the spatial/context categories. The degree of activation during
later generated spatial/context items was comparable to the
BOLD signal during autobiographical item generation at both
early and late time points. The signal change during early spa-
tial/context item generation was, in contrast, similar to that of
nonepisodic items at both time points. This suggests that ini-
tially generated spatial/context items made little processing
demands on the hippocampus as did the nonepisodic items,
whereas later generated spatial/context items made similar proc-
essing demands on the hippocampus as the autobiographical
items. The region that was active for the later spatial categories
was located posterior consistent with observations that these
regions typically are active during spatial navigation tasks. Such
findings are in line with observations about the division of
labor within the hippocampus, with spatial relations during
nonmnemonic tasks activating posterior regions of the MTL
(hippocampus and parahippocampal cortex) compared with
nonspatial semantic relations that are thought to activate more
anterior regions of the MTL, and the hippocampus specifically
(see Ryan et al., 2010). The increase in MTL activation for
later spatial/context category items was also accompanied by
greater activity in the left precuneus. As noted above, the pre-
cuneus has been thought to be involved in tasks that require
the inspection of mental imagery (Cavanna and Trimble, 2008)
and scene construction (Hassabis and Maguire, 2007). Thus,
the concurrent activation of these regions suggests that some
assessment of spatial environments or construction of a scene
was involved for later items compared to early items. No
regions were more active for later generated items compared
with earlier generated items for the autobiographical and the
nonepisodic categories, likely because changes in strategy with
time were not useful in these situations; in the former case,
participants stuck with an episodic strategy throughout, and in
the latter case, they never adopted one.

In terms of the early > late contrast, all category types did
show greater activation in left precentral gyrus and in a fronto-
parietal network for early compared with late item generation.
Left precentral gyrus activation likely occurred because more
items were generated for initial periods than later periods (i.e.
more button pressing) and this region is associated with motor
movement. Also, the frontoparietal network activation is likely
related to task initiation (see Dosenbach et al., 2007). Greater
activation for early items was found in bilateral frontal and
temporal regions for the autobiographical categories but in left
frontal and parietal regions for nonepisodic categories.

One may speculate that the greater MTL activity found for
late spatial/context items represents up-regulation of the default
mode network; as generation times slow down for later items,
participants’ mind may tend to wander more. A related possi-
bility is that when generation times slow down there is more
time for elaborative processing of an item, which is supported
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by the episodic memory network, and specifically, the MTL.
We do not think these are likely interpretations. If either were
the case, we should also expect to see greater late-onset activity
in the same networks for the nonepisodic and phonemic cate-
gories, but we did not. Nonetheless, to control for these default
mode effects, and to also control for changing levels of diffi-
culty between early and late time periods, we used phonemic
fluency as a baseline. Participant’s rated phonemic fluency
equally as difficult compared with the three other category
types. If there was a late onset default network involved when
item generation slows down, comparison with phonemic flu-
ency should eliminate the late-onset activation observed in the
spatial/context condition, especially considering the same num-
ber of items was generated for these two category types. The
late onset MTL activation, however, survived such a compari-
son. Furthermore, the use of phonemic fluency as a baseline
rules out the explanation that the greater activation in the
MTL and related structures for later items is due to greater
proactive interference during item generation.

Another possible interpretation is that the MTL activity
reflects incidental encoding of the items. However, if this were
the case, then we should see also increased MTL activity for
the early > late generation period contrast across all category
conditions given that more items were typically generated in
the earlier periods. Alternatively, it is possible that incidental
encoding applies primarily to those items which were person-
ally meaningful. If this were so, we would expect subsequent
memories of the generated items to reflect the extent to which
they drew on autobiographical or episodic memory. Thus,
memory for generated exemplars should be greatest in the auto-
biographical category > spatial category > nonepisodic cate-
gory > phonemic category. While the recall ratio for the pho-
nemic category was the lowest, memory for the remaining cate-
gories did not follow the predicted order. In particular the
position of the spatial and nonepisodic categories was reversed,
with the recall ratio for the latter being no worse than that for
the autobiographical category, but also not significantly better
than the spatial category. It is unlikely, therefore, that the pat-
tern of activation reflects incidental encoding of generated
items that were personally meaningful.

The results also argue against a general “spatial” interpreta-
tion of hippocampal activation. According to such an interpre-
tation, hippocampal activation should be evident throughout
the spatial task and should be greater than in the autobiograph-
ical category, which often does not carry a spatial component
(e.g. things you keep in your pocket, names of your friends).
In fact, the reverse was found. Nonetheless, MTL activity for
later, but not early spatial/context items, may reflect partici-
pants’ use of episodic information to retrieve old memories/fa-
miliar environments or to reconstruct novel scenes or scenarios
to help generate items (e.g. Schacter et al.,, 2007; Hassabis
et al., 2007).

After considering these alternatives, we believe our hypothesis
provides the best explanation of the results: generating items
for ostensibly semantic categories implicates the hippocampus
and related structures to the extent that the categories are
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open-ended and can draw on information from episodic mem-
ory to benefit performance when retrieval from semantic mem-
ory is exhausted or becomes too demanding. It is important to
note with regard to our hypothesis that MTL-based processes
will only be useful in open-ended retrieval situations if episodi-
cally relevant information is available or useful. Thus, for situa-
tions that are seemingly open-ended, such as phonemic fluency,
we would not expect, and did not observe, any MTL involve-
ment because such a task is not autobiographically or episodi-
cally relevant. Also, one can conceive of tasks that are quasi-
episodically relevant, such as thinking of items found on a
space station. While one could not use strictly autobiographical
information to help complete this task, one could do so by
constructing imaginary scenes or scenarios, an activity that
recent research has shown also depends on the hippocampus
and related structures (Hassabis et al., 2007; Schacter et al.,
2007).

Study Limitations

One methodological limitation of the present experiment
was that the use of an episodic strategy or autobiographical/epi-
sodic relevance was based on interviews and normative data
from another study and a previous behavioral study we con-
ducted (Sheldon and Moscovitch, in preparation). In terms of
our fMRI analysis, the statistical threshold was varied according
to our expected level of power for the contrast that we were
conducting (i.e. lower thresholds for contrasts with fewer data
points in smaller volumes and higher thresholds for contrasts
with a large number of data points and greater volumes). We
believe that adopting this procedure, which is not uncommon
in the literature, ensured that we were revealing meaningful
clusters of activations which otherwise may have been lost if an
arbitrarily high threshold were applied uniformly.

CONCLUSION

Our experiments suggest that episodic memory processes
mediated by the MTL contribute to semantic retrieval particu-
larly when tasks are open-ended and can draw on episodic or
spatial information to support performance. When the retrieval
of semantic information is sufficiently open-ended in the sense
that searching through semantic networks has been exhausted
or if such networks do not exist, the MTL will be involved
since it mediates processes related to recalling or constructing
an environment or scenario from which the needed semantic
information can be derived. Overall, our results and conclu-
sions reinforce views advanced by Barsalou (1988, 2009) and
Ryan et al. (2008) that, in some cases, semantic information
can be derived from information in episodic memory as well as
from semantic memory. The present results also support Pil-
lemer (2003) who noted that autobiographical memory has a
directive function in everyday semantic retrieval. Following a
tradition that dates back at least as far as Bartlett (1932),
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Pillemer (2003) has also emphasized the role that episodic
memory can play in a variety of social, decision making, and
problem solving tasks. This position is beginning to garner sup-
port from behavioral, lesion, and functional neuroimaging
studies on the contribution of episodic memory, mediated by
the MTL and related structures, to such tasks (Kumaran et al.,
2009; Spreng et al., 2010, also see Mosovitch, 2008). Our
study on category fluency adds to that growing body of work.
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