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Memory tasks are often classified as semantic or episodic, but recent research shows that these types of memory are highly interactive.
Category fluency, for example, is generally considered to reflect retrieval from semantic memory, but behavioral evidence suggests that
episodic memory is also involved: participants frequently draw on autobiographical experiences while generating exemplars of certain
categories. Neuroimaging studies accordingly have reported increased medial temporal lobe (MTL) activation during exemplar genera-
tion. Studies of fluency in MTL amnesics have yielded mixed results but were not designed to determine the precise contributions of
episodic memory. We addressed this issue by asking MTL amnesics and controls to generate exemplars of three types of categories. One
type tended to elicit autobiographical and spatial retrieval strategies (AS). Another type elicited strategies that were autobiographical but
nonspatial (AN). The third type elicited neither autobiographical nor spatial strategies (N). Amnesic patients and control participants
generated exemplars for eight categories of each type. Patients were impaired on all category types but were more impaired on AS and AN
categories. After covarying for phonemic fluency (total FAS score), the N category impairment was not significant, but the impairment on
AS and AN categories remained. The same results were obtained for patients with lesions restricted to the MTL and those with more
extensive lesions. We conclude that patients’ episodic memory impairment hindered their performance on this putatively semantic task.
This interaction between episodic and semantic memory might partially account for fluency deficits seen in aging, mild cognitive
impairment, and Alzheimer’s disease.

Introduction
Theories of memory distinguish between episodic and semantic
memory (Tulving, 1972). Episodic memory refers to memory for
personally experienced events that occurred at a particular time
and place, whereas semantic memory refers to general world
knowledge that is not linked to specific spatiotemporal contexts.
Most research examines each type of memory in isolation, but
other work shows that they frequently interact (Westmacott et al.,
2004; Kan et al., 2009). This study investigated the manner in
which episodic memory facilitates retrieval from the semantic
knowledge base.

Categoryfluencytasksareusuallyconsideredsemantic (Strauss et
al., 2006), but behavioral studies show that episodic memory is
also involved. Participants frequently use episodic memory to
search for category exemplars: when naming makes of cars, for
instance, they may imagine a familiar parking lot or list cars
they themselves have owned (Walker and Kintsch, 1985).
Many categories can evoke episodic memory, although the de-

gree of episodic involvement can vary from category to category
(Vallée-Tourangeau et al., 1998).

If category fluency is aided by episodic memory, then it might
draw on the medial temporal lobe (MTL) structures on which
episodic memory relies. Neuroimaging studies have indeed re-
ported MTL activation during fluency tasks (Frith et al., 1991;
Mummery et al., 1996; Gourovitch et al., 2000; Pihlajamäki et al.,
2000; Greenberg et al., 2005; Hirshorn and Thompson-Schill,
2006; Ryan et al., 2008) (but see Paulesu et al., 1997). Recently,
one of us combined behavioral and neuroimaging evidence by
comparing activation across three types of categories that drew
on different kinds of memory (Ryan et al., 2008). All category
types elicited equivalent activity in hippocampus proper. They
also elicited activity in parahippocampal gyrus, but the activity
was higher for categories that evoked familiar spatial contexts.
The degree and location of MTL involvement thus depended on
the type of category that was presented.

Patients with MTL damage have a severe episodic memory
impairment and relatively preserved premorbid semantic mem-
ory (Schmolck et al., 2002), but evidence for a fluency deficit is
mixed. Gleissner and Elger (2001) examined patients with
unilateral damage limited to either the hippocampus or lateral
temporal regions. They found that patients with hippocampal
damage were impaired on fluency tasks regardless of lesion
side, whereas patients with lateral damage were only impaired
when they had left-hemisphere lesions. Schmolck et al. (2002),
however, reported that patients with bilateral damage limited to
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the hippocampal formation performed normally on fluency
tasks, although patients whose damage also involved lateral tem-
poral regions were impaired.

Although these studies provided additional evidence for the
contribution of lateral temporal lobes to fluency tasks, they did
not resolve the role of the MTL in category fluency and were not
designed to compare categories that drew on episodic memory to
different degrees. We therefore tested MTL amnesics and con-
trols on three kinds of categories that varied in their reliance on
episodic memory. By comparing performance across these cate-
gories, we sought to identify the circumstances in which episodic
memory contributes to performance on a semantic task.

Materials and Methods
Pilot study
We conducted a pilot study to identify categories that tended to elicit
different types of retrieval strategies. We selected a broad range of candi-
date categories from a variety of sources (Battig and Montague, 1969;
Barsalou, 1983; Vallée-Tourangeau et al., 1998; Van Overschelde et al.,
2004; Ryan et al., 2008). Thirty-one participants [mean age, 60.7 years;
mean education, 15.1 years; mean verbal intelligence quotient (IQ),
103.6] each generated exemplars for 18 –22 categories. They read the
category name on a computer screen and were given 60 s to generate as
many exemplars as they could; the experimenter recorded their answers
using a separate sheet for each category. After participants had generated
exemplars for all of the categories, they were presented with the answer
sheets and asked to describe the thought processes they had used for each
category. (An alternative approach would have involved asking partici-
pants about their strategy for a category immediately after they had gen-
erated exemplars for it; we decided against this design because we did not
want participants’ response to one category to influence the strategy they
used on the next.)

Participants’ descriptions of their thought processes were classified
into the three types that were developed by Ryan et al. (2008). If the
participant described a strategy with a self-referential and spatial compo-
nent (for example, “I imagined my bedroom, looked around, and de-
scribed what I saw”), then it was classified as autobiographical spatial
(AS). If the participant described a self-referential strategy without a
spatial component (“I thought of what my sisters and I are giving our
father for his 90th birthday”), then it was classified as autobiographical
nonspatial (AN). If the participant described a nonautobiographical
strategy (“I tried to go in alphabetical order”) or no strategy (“I just said
whatever came to mind”), then it was classified as neither (N). If necessary,
a description could be given more than one classification (for example, “The
first few items just popped into my head, and then I imagined my own living
room” would be classified as N and AS).

We used these data to calculate the frequency with which each category
elicited each of the three strategies. Based on these frequencies, we as-
signed categories to one of three types (AS, AN, or N). Each type con-
sisted of eight categories that usually elicited that strategy. Specifically, a
category was assigned to a category type if it elicited that strategy in

�50% of participants but elicited other strategies in �50% of partici-
pants. Thus, “things in a bedroom” was classified as AS because 95%
of pilot participants used that strategy on that category, whereas only
5% used other strategies. These category assignments are presented in
Table 1.

Experiment
Participants. Participants consisted of nine patients with amnesia result-
ing from anoxia or encephalitis and 10 controls matched on age, verbal
IQ, and education. Controls were neurologically intact and had no his-
tory of medical conditions that could affect the MTL (e.g., stroke, tran-
sient ischemic attack, head injury with loss of consciousness, cardiac
arrest, seizure disorder, psychiatric conditions, and uncontrolled diabe-
tes or hypertension). Patients were considered amnesic if they had a
general memory score that was 20 or more points below their verbal IQ
score. The patients had a mean � SD age of 60.1 � 12.6 years, an aver-
age � SD of 15.0 � 2.3 years of education, and an average � SD verbal IQ
of 105.6 � 19.6. The controls had an average � SD age of 63.5 � 9.3
years, an average � SD of 14.5 � 2.5 years of education, and a mean � SD
verbal IQ of 107.0 � 18.7. There were no differences between groups in
terms of age, years of education, or verbal IQ (all p values �0.5).

Table 2 presents the demographics, neuropsychological information,
etiology, and extent of brain damage of the patients. Two anoxic patients
(MTL01 and MTL05) were unable to undergo magnetic resonance im-
aging (MRI) scanning because of medical contraindications (a cardiac
defibrillator and a pacemaker, respectively). For one of these patients
(MTL01), computed tomographic (CT) scan showed an incidental lesion
of the putamen but no visible damage to any regions associated with
memory, including the MTL; for the other patient (MTL05), no scan was
available. In both of these cases, damage was inferred based on the anoxic
etiology. In an autopsy study, Rempel-Clower et al. (1996) showed that
patients with amnesia secondary to anoxia had MTL damage but did not
have significant damage to any other memory-associated regions. We
therefore concluded that MTL damage secondary to anoxia was the most
likely source of these patients’ memory deficits (for a similar rationale,
see Smith and Squire, 2005). For the remaining seven patients (MTL02,
MTL03, MTL04, MTL06, MTL07, MTL08, and MTL09), damage was
determined based on MRI or CT scans that were interpreted by a board-
certified neurologist. Reconstructions of these patients’ lesions are
shown in Figure 1. In addition, volumetric measurements of the tempo-
ral lobe were available for five patients (MTL03, MTL04, MTL06,
MTL07, and MTL08), each with reference to nine age- and gender-
matched controls. Temporal lobe structure volumes were measured
using established procedures (for details, see Kan et al., 2007) and
adjusted for total intracranial volume. The patients’ corrected vol-
umes were compared with the control means using Z-scores, and
regions with Z ��2 were considered abnormal. The results for the
MTL are summarized in Table 3, and a fuller description of the par-
ticipants’ lesions is given below.

MTL02 (anoxia). CT scan revealed significant damage to the right
hippocampal formation and possible involvement of the right amygdala
and perirhinal regions. No other brain regions appeared to be damaged.

Table 1. Classification of categories

Autobiographical spatial % Autobiographical nonspatial % Neither %

Things in a bedrooma 95 Things people like when they’re sicka,c 85 Units of measurementa,c 89
Living room furniturea,c 89 Reading materialsa 84 Things that make noisea,c 85
Things in a park 84 Birthday presents 84 Things that are usually red 80
Buildings on the main street of a townc 83 Makes of carsc 79 Elected offices 83
Things people put on the walls 80 Diseasesc 79 Precious stones 65
Kitchen utensils 78 Things people take on camping trips 71 Heavy objectsc 74
Things in a garagec 63 Weather phenomenab 65 Things that can fall on your head 72
Things made of woodc 55 Insectsb 58 Weaponsc 65

%, Percentage of pilot participants who endorsed this strategy for this category.
aCategories that were reused in the third session of the experiment.
bCategories that were excluded (see Materials and Methods).
cCategories used to equate control participants across category types.
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MTL03 (anoxia). Volumetric analysis and examination of the MRI
scan revealed bilateral damage limited to the hippocampal formation. No
other damage was evident.

MTL04 (anoxia). Volumetric analysis revealed significant damage to
the right hippocampal formation, and examination of the MRI scan
indicated some atrophy of the left hippocampal formation as well. The
scan also revealed a small incidental lesion to the posterior left putamen.

MTL06 (encephalitis). Volumetric analysis revealed bilateral damage
to the hippocampal formation, the amygdala, the entorhinal cortex, and
the perirhinal cortex; the left temporal pole was also severely affected, as
was the posterior portion of the left parahippocampal cortex. The left
insula was significantly reduced in size, as was the left cingulate. Inspec-
tion of the MRI scan also suggested bilateral damage to the fusiform
gyrus and some involvement of the right temporal pole.

MTL07 (encephalitis). Volumetric analysis indicated bilateral damage
to the hippocampus, amygdala, entorhinal cortex, and perirhinal cortex.
The right temporal pole was significantly damaged, as was the posterior
portion of the right parahippocampal cortex. In addition, the left and
right insula were significantly reduced in size along with the right planum
polare. The anterior portions of the middle temporal gyrus, inferior tem-
poral gyrus, and fusiform gyrus were damaged in both hemispheres.
Inspection of the MRI scan also indicated damage to the septal region and
the anterior cingulate.

MTL08 (anoxia; left temporal lobectomy secondary to epilepsy). Volu-
metric analysis indicated significant bilateral atrophy of the hippocampal
formation. In the left hemisphere, the temporal pole, the amygdala, the
perirhinal cortex, and the entorhinal cortex were also significantly af-
fected. In addition, in the lateral portions of the left temporal lobe, the
anterior aspects of the fusiform and the superior temporal gyrus are
reduced in size, as are the entire middle and inferior temporal gyri.

MTL09 (encephalitis). Examination of the CT scan revealed extensive
bilateral damage to the temporal pole, the perirhinal and entorhinal cortex,
the hippocampal formation, and the amygdala. In the left hemisphere, the
insula, the inferior parahippocampal gyrus, the basal forebrain, the septum,
and the deep white matter of the frontal lobes were also affected.

Experimental design. The experiment was divided into three sessions
that were spaced �2 weeks apart. The first two sessions provided the
main data for the experiment. In each of these sessions, participants
generated exemplars for 14 categories. The first two trials were practice
trials; they used categories that had often been given in other studies
(specifically “animals,” “fruits and vegetables,” “tools,” and “jobs”). The
next 12 trials used the categories that had been selected in the pilot
experiment; participants were given four categories per category type per
session. The order of presentation was randomized.

Participants were allowed 60 s to generate exemplars for each category.
The experimenter recorded their answers and marked off 15 s intervals. If
a participant appeared to lose set or run out of exemplars, the experi-
menter prompted them by asking “Can you think of any more examples
of [category name]?” Intrusions and repetitions, which were rare, were
not counted; including them did not change the results. As in the pilot
experiment, participants were asked about their thought processes only
after they had generated exemplars for all categories (i.e., at the end of
each session).

This design might seem problematic in the case of the amnesic pa-
tients, who might be expected to forget what their thought processes had
been. The third session of the experiment was designed to examine this
possibility. Participants were retested on six categories (one AS, one AN,
and one N category from each of the first two sessions). This time, how-
ever, they described their strategies immediately after completing each
category. Their reports were quite consistent with those they gave at the
end of the previous sessions: controls endorsed the same strategy 83% of
the time, whereas patients did so 78% of the time; there was no evidence
for a difference between groups (Fisher’s exact test, p � 0.48). Thus,
participants tended to endorse the same strategies whether they were
questioned immediately after each category (when their reports are as
accurate as they can be) or at the end of the entire session.

We examined the control data to reassess the assignment of categories
to category types. We found that two categories, “weather phenomena”
and “insects,” had tended to elicit an AN strategy in the pilot study but
more often elicited an N strategy in the actual experiment. We excluded
these categories from the analysis; including them did not change the
overall pattern of results.

Results
Experimenter-assigned strategies
The first set of analyses used the category assignments de-
scribed above. Figure 2 presents the mean number of exem-
plars that the patients and controls generated for each category
type (for comparison purposes, we also plot the results for the
three MTL-only patients for whom imaging data were available.)
Different category types yielded different numbers of exemplars,
as shown by a main effect of category type (F(2,17) � 19.53; p �
0.0001). The patients were generally impaired at the task, as
shown by a main effect of participant group (F(1,17) � 13.84; p �
0.002). Pairwise analyses showed that the patients were signifi-
cantly impaired relative to the controls on all category types. For
the AS categories, patients generated an average of 4.9 fewer items
[95% confidence interval (CI) � 2.3–7.4; t(17) � �3.99; p �
0.0009]. For the AN categories, they generated 5.1 fewer items
(95% CI � 2.3–7.9; t(17) � �3.78; p � 0.002). For the N catego-
ries, they generated 3.2 fewer items (95% CI � 0.7–5.7; t(17) �
�2.66; p � 0.02). The significant participant group � category
type interaction (F(2,17) � 4.83; p � 0.02), however, demonstrated
that the extent of the impairment was not the same for all three
category types. To examine this difference further, we conducted
three 2 � 2 ANOVAs with participant group as one factor and one
pair of categories (i.e., AS vs N, AN vs N, or AS vs AN) as the other
factor. As in the overall model, a significant interaction was taken
as evidence for a differential impairment by category type. The
interaction was significant for the AS versus N comparison
(F(1,17) � 6.80; p � 0.02) and the AN versus N comparison (F(1,17) �
6.17; p � 0.02), in both cases showing that the patients were less
impaired on the N categories; however, the interaction was not

Table 2. Demographic and neuropsychological characteristics of the amnesic patients

WAIS-III WMS-III

Patient Etiology Damage Age Education FAS VIQ GM VD AD WM

MTL01 Anoxia MTL 79 18 �1.16 113 75 72 80 102
MTL02 Anoxia MTL 58 12 �1.07 83 52 56 55 91
MTL03 Anoxia MTL 50 14 �0.96 90 45 53 52 93
MTL04 Anoxia MTL 52 14 �1.22 111 59 72 52 96
MTL05 Anoxia MTL 56 17 0.03 134 70 75 67 126
MTL06 Encephalitis MTL� 53 14 0.11 92 45 56 55 85
MTL07 Encephalitis MTL� 65 12 �0.61 106 69 68 77 111
MTL08 Anoxia � left temporal lobectomy MTL� 45 16 �1.94 86 49 53 52 93
MTL09 Encephalitis MTL� 80 18 0.66 135 45 53 58 141

WAIS-III, Wechsler Adult Intelligence Test-III; WMS-III, Wechsler Memory Scale-III; VIQ, verbal IQ; GM, general memory; VD, visual delay; AD, auditory delay; WM, working memory; MTL, damage limited to the medial temporal lobes;
MTL �, Damage extended outside medial temporal lobes.
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Figure 1. Reconstruction of the lesions of seven of the patients who participated in the experiment. The top shows the reconstructions for the patients whose damage was limited to the medial
temporal lobe; the bottom shows the reconstructions for the patients whose damage extended to other areas of the temporal lobe. For each participant, the top row provides an overall view of the
lesions and the bottom row focuses on medial temporal lobe structures. The left side of the image depicts the left side of the brain.
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significant for the comparison of the AS and AN types (F(1,17) �
0.08; p � 0.79). Thus, the patients were most impaired with the
categories that tended to evoke autobiographical strategies, but
there was no evidence that one autobiographical category was
associated with a greater impairment than the other. We then
examined the interaction in a different way by testing for an effect
of category type within each participant group. The effect of cat-
egory type was significant for the controls (F(2,17) � 22.65; p �
0.0001). Pairwise comparisons showed that controls generated
more exemplars for the AS and AN categories compared with the
N categories: For the AS versus N comparison, the mean differ-
ence was 2.8 exemplars (95% CI � 1.9 –3.8; t(17) � 6.26; p �
0.0001), and for the AN versus N comparison, the mean differ-
ence was 2.4 exemplars (95% CI � 1.3–3.5; t(17) � 4.47; p �
0.0001). There was no statistically significant difference between
the AS and AN categories in the control group (on average, the
controls generated 0.43 more exemplars for the AS categories; 95%
CI � �0.7–1.6; t(17) � �0.75; p � 0.46). There was a trend toward
an effect of category type for the patients (F(2,17) � 2.76; p �
0.09). Additional analysis revealed no significant differences be-
tween the AS and AN categories (with patients generating an
estimated 0.7 more exemplars for the AS categories; 95% CI �
�0.5–1.8; t(17) � �1.19; p � 0.24) and no significant differ-
ences between the AN and N categories (with an 0.5 exemplar
advantage for the AN categories; 95% CI � �0.7–1.6; t(17) �
0.84; p � 0.41). There was a trend toward better performance
on the AS categories than the N categories (by 1.1 exemplars;
95% CI � 0.0 –2.2; t(17) � 2.03; p � 0.0504). As indicated
above, however, this advantage was smaller in patients than it
was in controls. These results are consistent with the idea that
the controls were able to use episodic memory to facilitate
performance on the autobiographical categories while the pa-
tients had little or no ability to do so.

To further characterize the nature of the deficit, we examined
the time course of responses for each participant group and cat-
egory type. As noted above, the experimenter marked off 15 s
intervals during generation; therefore, the data are plotted and
analyzed as the cumulative total for each 15 s time period (Fig. 3).
As expected, these analyses yielded a significant main effect of
time on the number of exemplars that were generated (F(3,51) �
320.93; p � 0.0001). They also revealed a trend toward an inter-
action between time and category type (F(6,102) � 1.96; p � 0.08).
Additional analysis of this trend suggested that the generation
rate was fastest for the AS categories (mean � SE of 2.2 � 0.3
exemplars/15 s), followed by the AN categories (2.0 � 0.3 exem-
plars/15 s) and then the N categories (1.7 � 0.2 exemplars/15 s),
although these differences were not statistically significant. We
did not find a time � participant type � category type interaction
(F(6,102) � 0.35; p � 0.91). We did, however, find a time � par-
ticipant type interaction (F(3,51) � 23.00; p � 0.0001), showing
that the rate of generation differed for the patients and the con-
trols. Patients generated exemplars at 1.4 � 0.2 (SE) items per 15 s
period, whereas the control rate was 2.5 � 0.2 (SE) items per 15 s.

As before, these results are consistent with the idea that the
patients’ episodic memory deficit impaired their ability to gener-
ate category exemplars. At the same time, however, cognitive
slowing is a common consequent of brain injury (Lezak et al.,
2004); thus, slowing could have an effect on the patients’ perfor-
mance as well. To examine a possible effect of response speed, we
compared performance on categories that tended to elicit a
higher rate of exemplar generation (“high-fluency” categories, as
defined by number of exemplars generated in 1 min) to categories
that tended to elicit a slower rate of exemplar generation (“low-
fluency” categories). We separated each category type (AS, AN,
and N) into high-fluency and low-fluency subgroups by conduct-
ing a median split on the average number of exemplars generated
by the controls. If the patients’ impairment were a consequence
of slower speed, then their impairment should have been greater
on the high-fluency categories. To the contrary, we did not find a
participant group � fluency level interaction (F(1,13) � 2.57; p �
0.13). Thus, differences in speed do not account for the patients’
impairment on the autobiographical categories.

In addition, we tested for a general fluency impairment by
giving all participants the FAS test (Benton and Hamsher, 1976),
a measure of phonemic fluency in which participants are given
60 s to generate as many words as they can that begin with a
particular letter. The FAS test draws on many of the same cogni-
tive processes as semantic fluency does (such as effortful retrieval,
self-monitoring, and inhibition) but places fewer demands on
semantic memory, particularly semantic category knowledge (for
a discussion, see Henry et al., 2004). As Table 2 shows, the ma-
jority of patients were at or below the 50th percentile, although
none was significantly impaired. We therefore reanalyzed the data
with the total FAS score as a covariate (Fig. 4). We again found a
main effect of category type (F(2,16) � 19.53; p � 0.0001), a main

Table 3. MTL brain volumes for five patients (expressed as Z-scores)

Patient L HPC R HPC L AMYG R AMYG L PHG(A) R PHG(A) L PHG(P) R PHG(P) L TP R TP

MTL03 �7.70 �6.82 0.22 0.36 �1.65 0.24 0.85 0.52 �1.01 0.06
MTL04 �1.61 �3.24 0.17 0.97 �1.15 0.21 3.67 �0.66 �0.92 �0.46
MTL06 �8.46 �6.22 �3.92 �2.53 �3.75 �3.53 �2.98 �0.41 �6.24 �1.02
MTL07 �5.34 �7.82 �2.53 �2.57 �3.73 �6.64 �1.25 �3.87 �1.39 �3.99
MTL08 �8.19 �4.40 �3.92 1.00 �2.48 �0.17 4.40 2.71 �3.92 1.00

L, Left; R, right; HPC, hippocampus; AMYG, amygdala; PHG(A), anterior portion of the parahippocampal cortex (includes the medial portion of the temporal pole, the medial and lateral perirhinal cortices, and the entorhinal cortex); PHG(P),
posterior parahippocampal cortex; TP, temporal pole.

Figure 2. Mean number of exemplars generated for each category type (using experimenters’
assignment of categories to category types). Error bars indicate SEs.
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effect of participant group (F(1,16) � 5.06; p � 0.04) and a participant
group � category type interaction (F(2,16) � 4.83; p � 0.02). Pair-
wise comparisons on adjusted means again showed that the pa-
tients generated fewer exemplars for each category type. For the
AS categories, patients generated an average of 3.4 fewer items
(95% CI�0.5–6.3; t(16) ��2.49; p�0.004). For the AN categories,
the mean difference was 3.7 items (95% CI � 0.6–6.7; t(16) ��2.57;
p � 0.02). The difference in score for the N categories, however, was
not significant in this analysis (the mean difference was 1.7 items,
�1.1- 4.5; t(16) � �1.30; p � 0.21). Thus, once verbal fluency was
taken into account, we found a selective impairment for the auto-
biographical categories.

In addition, we selected a subset of categories— half from each
type—such that control performance was equated across cate-
gory types. Analyses revealed that the patients generated signifi-
cantly fewer exemplars for the autobiographical categories than
for the N categories. Similarly, when we compared their perfor-
mance with that of controls, the patients were more impaired on
the autobiographical categories than on the N categories. There-
fore, our observation of a selective impairment of the autobio-

graphical categories is not an artifact of
differential performance across category
types on the part of the controls; it was
observed even when performance in the
control group was equated.

The patients are generating fewer ex-
emplars than are controls for the autobio-
graphical categories, but what kind of
exemplars are they leaving out? By defini-
tion, episodic memory draws on particu-
lar spatiotemporal contexts that can be
unique to each individual, so the patients
and controls might therefore differ in the
prototypicality of the exemplars they gen-
erate. Specifically, the patients might still
be able to generate prototypical exem-
plars, such as utensils that are common to
most kitchens (pots, pans, or knives), but
they might have more difficulty generat-
ing exemplars that are less prototypical
and particular to their own kitchen
(zesters, corkscrews, or ice picks). To ex-
amine this possibility, we returned to the

pilot data and generated prototypicality measures for each exem-
plar (defined as the frequency with which an exemplar had been
given for a particular category). We then applied these measures
to the exemplars that were given in the experiment itself (if an
exemplar was given in the experiment but not the pilot, it was
assigned a prototypicality rating of 0). We then conducted a me-
dian split for each category type; exemplars above the median
were considered high prototypical, whereas those below the me-
dian were considered low prototypical. For the AS categories, � 2

analyses showed that the patients tended to give a greater propor-
tion of high-prototypicality exemplars than did control partici-
pants (� 2 � 4.53; p � 0.03), but this was not the case for the AN
categories (� 2 � 0.98; p � 0.32) or the N categories (� 2 � 1.60;
p � 0.21). Thus, at least for the AS categories, the patients’ episodic
memory impairment was associated with greater difficulty generat-
ing exemplars that were less prototypical.

Self-reported strategies
We recoded and reanalyzed the data according to the partici-
pants’ self-reported strategies to ensure that between-group and
interindividual differences in strategy use were not affecting the
results. As an example, consider a participant who endorsed an N
strategy for “things in a garage.” In the previous analysis, the
participant’s result for this category would have been included in
his or her AS score (based on classification from the pilot study);
in this analysis, it was included in his or her N score. Trials that
elicited multiple strategies were excluded. The results of this anal-
ysis are presented in Figure 5. As before, analyses showed a main
effect of participant group (F � 12.82; p � 0.002), a main effect of
category type (F � 6.59; p � 0.008), and a participant group �
category type interaction (F � 6.26; p � 0.009). Pairwise com-
parisons again showed that the patients scored lower than the
controls on all category types. For the AS categories, the mean
difference was 5.4 exemplars (95% CI � 2.7– 8.0; t(17) � �4.21;
p � 0.0006). For the AN categories, the mean difference was 4.4
exemplars (95% CI � 1.3–7.6; t(17) � �2.97; p � 0.009). For the
N categories, the difference was 2.8 exemplars (95% CI � 0.2–5.4;
t(17) � �2.25; p � 0.04).

As before, we tested for an effect of category type within each
participant group. These analyses revealed a significant effect of

Figure 3. Time courses of responses for the patients and the controls. Error bars indicate SEs.

Figure 4. Mean number of exemplars generated for each category type (using experimenters’
assignment of categories to category types) adjusted for FAS score. Error bars indicate SEs.
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category type within the control group (F(3,17) � 10.31; p �
0.0004). Pairwise comparisons showed that controls generated
more exemplars for the AS categories than for the N categories
(an estimated difference of 2.6; 95% CI � 1.5–3.6; t(17) � 5.22;
p � 0.0001). There was a trend for an advantage of the AN cate-
gories over the N categories (by 1.8 exemplars; 95% CI � �0.2–
3.7; t(17) � 1.92; p � 0.07). There was no significant difference
between the AS and AN categories (an estimated advantage of 0.8
exemplars for the AS categories; 95% CI � �1.0 –2.7; t(17) �
�0.93; p � 0.36). There was no effect of category type for the
patients (F(2,17) � 0.01; p � 0.99). Pairwise comparisons showed
no significant difference between the AS categories and the AN
categories (the estimated advantage for the AS categories was 0.1
exemplars; 95% CI � �1.7–2.0; t(17) � 0.14; p � 0.89) and no
significant difference between the AN and the N categories (0.2;
95% CI � �1.8 –2.1; t(17) � 0.16; p � 0.87). Furthermore, we
found no significant difference between the AS categories and the
N categories (an estimated advantage of 0.03 exemplars for the
AS categories; 95% CI � �1.04 –1.17; t(17) � 0.06; p � 0.95).
Although a previous analysis had indicated a trend toward an advan-
tage on the AS categories over the N categories in amnesic partici-
pants, it was no longer evident when the data were analyzed using the
strategies that the patients themselves had endorsed.

We reanalyzed the data with FAS score as a covariate and found a
trend toward a main effect of participant group (F � 4.14; p � 0.06),
a main effect of category type (F�6.66; p�0.008), and a participant
group � category type interaction (F � 6.17; p � 0.01). Pairwise
comparisons showed that the patients scored significantly lower
than the controls on the AS categories (t(16) � �2.68; p � 0.02),
and that there was a trend toward lower performance on the AN
categories (t(16) � �1.88; p � 0.08). Performance on the N cat-
egories did not differ (t(16) � �0.90; p � 0.38). We then collapsed
across autobiographical categories to obtain a more nearly equal
number of observations per subject; the pattern of results did not
change. These results indicate that performance on autobio-
graphical categories, particularly the AS categories, was more im-
paired in amnesia even when the assignment of categories to
category types was based on participants’ own reports.

Effect of damage outside the MTL
As noted above, Schmolck et al. (2002) found a fluency impair-
ment only in patients with damage that extended outside the
MTL. We had four such patients in our patient group (MTL06,
MTL07, MTL08, and MTL09); we compared their performance

with that of the five patients with damage limited to the MTL.
When we used the experimenter-assigned category types, we
found no effect of patient subgroup (F(1,7) � 1.14; p � 0.33), no
effect of category type (F(2,14) � 2.28; p � 0.14), and no sub-
group � category type interaction (F(2,14) � 1.21; p � 0.33).
When we conducted the same analysis using the self-described
strategies, we found no effect of patient subgroup (F(1,7) � 1.17;
p � 0.32), no effect of category type (F(2,13) � 0.09; p � 0.92), and
no subgroup � category type interaction (F(2,13) � 0.60; p �
0.57). Thus, there was no evidence for a greater or different pat-
tern of impairment in patients with damage outside the MTL.

Discussion
We administered a set of category fluency tasks to patients with
MTL amnesia and matched controls. The tasks consisted of three
sets of categories that differed in their tendency to evoke episodic
memories. One set of categories tended to evoke autobiographi-
cal and spatial retrieval strategies, a second set evoked autobio-
graphical but nonspatial strategies, and a third set evoked neither
autobiographical nor spatial strategies. The patients were im-
paired on the task, but the degree of impairment varied across
category types: their impairment was larger for the categories that
tended to elicit autobiographical strategies.

This pattern of impairment was not attributable to differences
in response speed: the rate of exemplar generation (defined by
total number of exemplars generated in 1 min) was not associated
with different levels of impairment in amnesia. Furthermore, the
results are not attributable to a broad impairment of generative
abilities: after covarying for performance on the FAS test, which
places similar demands on executive processes but much less of a
demand on semantic category knowledge, the impairment was
selective to categories that elicited autobiographical strategies.
These results are not consistent with a specific deficit for spatial
information because patients were equally impaired on the spa-
tial and nonspatial autobiographical categories, nor are the re-
sults attributable to damage outside the MTL because the pattern
of results did not differ based on the presence or absence of such
damage. Instead, our findings suggest that the patients’ episodic
memory deficit hindered their performance on this putatively
semantic task.

Previous studies have provided evidence for several kinds of
interactions between episodic and semantic memory. Indeed,
one of the formulations of the episodic/semantic distinction ex-
plicitly posits such an interaction: newly acquired information is
thought to be mostly episodic in nature; repeated presentation
“converts” it to semantic memory by dissociating it from its orig-
inal spatiotemporal context (Baddeley, 1988). In accordance with
this view, an episodic memory impairment impedes the acquisi-
tion of new semantic knowledge (Verfaellie et al., 1995), and
relatively unimpaired episodic memory can help preserve or re-
establish degenerating semantic knowledge to some extent, as
seen in semantic dementia (Westmacott et al., 2004). Other work
has focused on interactions between episodic memory and pre-
morbid semantic memory. Premorbid semantic knowledge can
facilitate episodic memory for novel material in amnesic patients
with MTL damage (Kan et al., 2009). In the present study, we
provide evidence for the converse interaction by showing that
poor episodic memory impedes the retrieval of information from
the semantic knowledge base.

Episodic memory is known to depend on the MTL (Rosenbaum
et al., 2008). Could the episodic involvement in category fluency
therefore account for the MTL activation seen in neuroimaging
investigations of this task? Although it may play a role, the results

Figure 5. Mean number of exemplars generated for each category type (using participants’
own assignments of categories to category types). Error bars indicate SEs.
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of a previous neuroimaging study show that a more complex
explanation is required (Ryan et al., 2008). In that experiment,
participants were presented with the same three types of cate-
gories used here. All categories activated the hippocampal for-
mation equally, including those that made no apparent use of
episodic memory, suggesting that the hippocampal activity may
reflect the encoding of new information as well as the retrieval of
old information. The present results suggest that, whereas cate-
gory exemplar generation is often associated with MTL activity,
only “autobiographical” category exemplar generation depends
on the integrity of the MTL.

When combined with research on the role of the lateral tem-
poral lobes, our results provide a potential explanation for the
pattern of impairment that Gleissner and Elger (2001) reported.
These authors administered fluency tasks to two groups of pa-
tients with temporal-lobe epilepsy. One group of patients had
damage limited to the hippocampus; the other group had tem-
poral lobe damage that spared the hippocampus entirely. Within
each group, half the patients had left-lateralized brain damage;
the other half had right-lateralized damage. Patients with hip-
pocampal damage were impaired on fluency tasks, regardless of
the side of the lesion; patients with extrahippocampal damage
were only impaired when the damage was left lateralized. The
effect of the left lateral temporal lobe damage is presumably at-
tributable to its well established role in semantic memory (Levy et
al., 2004); the effect of the medial temporal lobe damage may
reflect the episodic contribution to this task. Accordingly, we
would predict that the patients with hippocampal damage would
be impaired on autobiographical categories, whereas the patients
who had left lateral temporal damage would have a broader se-
mantic impairment that affects performance on all categories.
The conflicting results of Schmolck et al. (2002), who found no
fluency impairment in two patients with damage limited to the
hippocampal formation, are harder to account for, although a
partial explanation may lie in the choice of categories. In the
experiment by Schmolck and colleagues, the responses for several
categories (e.g., animals, birds, and water creatures) could over-
lap. Although it is unclear what precise effect this design might
have, it is possible that the responses to one category primed
exemplars to subsequent categories, thus facilitating generation.
Additional investigation of episodic-semantic interactions may
clarify these issues.

The demonstration of an episodic contribution to category
fluency suggests that the usual interpretation of a fluency deficit
warrants reexamination. For instance, previous research has
shown that category fluency declines with age (Kempler et al.,
1998; Gladsjo et al., 1999; Tombaugh et al., 1999; Acevedo et al.,
2000; Brickman et al., 2005), a finding that has been attributed to
an impairment of semantic memory (Brickman et al., 2005).
Other research, however, has shown that aging has little effect on
the sort of well established semantic knowledge that is tapped in
fluency tasks (Prull et al., 2000). Episodic memory, in contrast,
does decline with age; for example, the autobiographical memo-
ries of older adults tend to contain fewer specific details and a
greater number of general statements (Piolino et al., 2006). We
therefore speculate that the age-related decline in category flu-
ency may arise from an impairment not in semantic memory but
in episodic memory instead. Along related lines, patients with mild
cognitive impairment or Alzheimer’s disease also have an impair-
ment of category fluency (Jones et al., 2006; Nutter-Upham et al.,
2008) (for review, see Henry et al., 2004), but this deficit may arise
from the impairment of multiple processes. Patients with these con-
ditions have an episodic memory impairment; unlike older adults,

however, they perform poorly on semantic memory tests as well
(Petersen et al., 1999). Researchers have debated whether the
impairment on these tests results from degraded semantic mem-
ory or impaired access to an intact semantic store (Rogers et al.,
2006). Our data cannot resolve this question directly, and a pos-
sible contribution of a general fluency impairment would need to
be assessed, but our data nonetheless suggest that impaired access
to the semantic store could arise from the episodic memory
impairment.

Throughout this study, we have argued that amnesic patients’
impairment in exemplar generation arises from their episodic
impairment. The autobiographical categories do tend to elicit
familiar contexts and memories, but are these really “episodic”?
In some cases, they clearly are: when a participant generates
buildings on the main street of a town by imagining “what I saw
on my drive over here,” then he or she is using episodic memory
by any common definition of the term. But what about a partic-
ipant who generates kitchen utensils by “thinking of what I use in
my own kitchen every day”? This kind of memory is not quite
episodic; it is bounded in space but not in time and is thus not
really an “episode,” nor does it meet the usual definition of “se-
mantic,” because the specific spatial information indicates that it
is not decontextualized. Instead, it seems to fall somewhere be-
tween the two (for a similar argument, see Ryan et al., 2008). The
idea of an intermediate form of memory, or of a continuum
between episodic and semantic memory, roughly comports with
Neisser’s (1981) concept of “repisodic memory,” Conway’s
(2001) “general events” level of autobiographical knowledge, or
Barsalou’s (1988) conception of “summarized” or “extended
events.” Other evidence suggests that MTL amnesics have difficulty
constructing the sort of rich, detailed spatial and/or self-referential
contexts that these memories require, whether the patients are trying
to remember the past (Moscovitch et al., 2005) or imagine the future
(Hassabis et al., 2007). The results of this study demonstrate that an
inability to retrieve such contextual memories leads to poor perfor-
mance on tasks that are usually considered semantic.
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