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Imagination and memory

“Fancy and memory differ only in this, that memory supposeth time 
past and fancy does not.” Thomas Hobbes (Elements of Philosophy)


“Tis evident at first sight that the ideas of memory are much more 
lively and strong than those of imagination, and that the former 
faculty paints its objects in more distinct colours than any which are 
employed by the latter.”  David Hume (Treatise of Human Nature)



The varieties of remembering
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The anatomy of memory

H.M. (Henri Molaison (1926-2008))
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bilateral lesion confined to the CA1 field and
with a memory impairment very similar to R.B.
(Rempel-Clower et al. 1996). Two other pa-
tients were also of interest. L.M. and W.H. had

somewhat more severe memory impairment
than did R.B. and G.D., but the impairment was
still moderate in comparison to H.M. (Rempel-
Clower et al. 1996). Histological examination
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bilateral lesion confined to the CA1 field and
with a memory impairment very similar to R.B.
(Rempel-Clower et al. 1996). Two other pa-
tients were also of interest. L.M. and W.H. had

somewhat more severe memory impairment
than did R.B. and G.D., but the impairment was
still moderate in comparison to H.M. (Rempel-
Clower et al. 1996). Histological examination
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Memory systems

• Impairment of declarative memory acquisition

E.P. also performed well on tests of working memory (39). He
retained three names across a 14-s delay (92.2% vs. 94.5% for
controls), he retained single faces for 2 s (96.9% vs. 98.8% for
controls), and he retained three different object–location asso-
ciations for 8 s (87.5% vs. 93.2% for controls). All these scores
were within one SD of the control mean. E.P. and other memory-
impaired patients performed poorly in more challenging con-
ditions of the same kind of tests (e.g., single faces after 14 s, six
object–location associations after 8 s). Independent evidence
suggested that performance under these conditions depends sub-
stantially on long-term memory (39).

Spatial Cognition.E.P. took two tests that assessed his capacity for
spatial cognition. In one test he was blindfolded and led along
paths (up to 15 m in length and involving two turns) while being
asked to hold his start location actively in mind (40). At the end
of the path, E.P. was able to point accurately to his start location
(trial times about 30 s). However, several minutes later E.P could
remember nothing of what he had been doing and suggested that
he had been “in conversation.” His ability to keep track of a ref-
erence location for a time as he moved through space (some-
times termed “path integration”) presumably depended on his
intact working memory.
In a second test, E.P. performed well when asked to navigate

mentally through the environment where he grew up (41). He
also could find a new route when the route he first chose was
made unavailable, and he was able to point accurately toward
landmarks in his childhood environment when imagining himself
in a particular location and facing a particular direction. His
good performance on this test presumably relates to his generally
good performance on tests of remote memory that asked about
his early life (see Retrograde Memory).

Declarative Memory (New Learning). Despite E.P.’s intact perfor-
mance on tests of immediate memory and working memory, his
declarative memory was profoundly impaired, as documented by
every test of recall and recognition that he was given. His deficit
was apparent across all types of material (e.g., scenes, words, dot
patterns, synthetic sounds). Table S1 and Fig. 2 illustrate E.P.’s
performance on standard memory tests. He exhibited no capacity
for new learning. For example, in two earlier studies (25, 42), he
took 42 different recognition memory tests (20 or 24 words
tested after a 5- to10-min delay by yes–no recognition or forced-
choice recognition). His average score across all the tests was
49.3% correct (chance = 50.0%). It also is notable that, like
other patients with medial temporal lobe damage, E.P. was un-
able to acquire trace eyeblink conditioning (43).
Unlike many memory-impaired patients, including H.M. (44),

E.P.’s recognition memory did not improve after extended ex-
posure to study material (45). For example E.P. viewed 40 scenes
for a total presentation time of 20 s each and then took a yes–no
recognition test (10-min delay). Across three separate study-test
sessions, E.P. scored at chance (50.6% correct). E.P.’s perfor-

mance also remained at chance levels when he was tested in
a forced-choice format and when the tests involved shorter lists
of items. In contrast, with similar tests H.M. benefited from ex-
tended exposure time (120 scenes presented for a total of 20 s
each), obtaining a score of 78.8% correct across four tests (44).
Additional tests explored the possibility that E.P. might have

been capable of identifying items based on a simple, nonspecific
sense of familiarity, even if an item could not be recalled or
associated with its original context (46). Accordingly, in three
similarly designed tests E.P. was asked to identify a word, name,
or face that could have become familiar only after his illness
in 1992. For example, he was asked to select the one real item
when it was presented together with eight plausible foils (Prozac,
Flozac, Flozam, Prozam, Grosam, Grozac, Grodaz, Prodaz, Flo-
daz). Across 74 test items, E.P. scored 16.2% correct (chance =
11.0%, P = 0.11). E.P.’s only hint of new learning came from an
eight-item test of household objects that had been acquired after
the onset of his amnesia. Photos of each item were presented
together with five other exemplars of the same object (e.g.,
a different lamp, car, or table). E.P’s spouse scored 100% cor-
rect, indicating that the objects were readily recognizable. E.P.
scored 33% correct across three tests (chance = 16.6%, P =
0.057). Although these data suggest a limited ability to learn
postmorbidly when items have been exposed (presumably)
hundreds or thousands of times, it also is possible that E.P. based
his selections in part on longstanding preferences for certain
types of objects and that the objects purchased by the family after
1992 conformed to these preferences.
E.P. moved to the San Diego area in 1993 after he became

amnesic. His poor knowledge of his house and neighborhood
further illustrated his anterograde memory impairment. He was
unable to name any streets in his neighborhood or describe how
he would travel to places that he visited with his wife (e.g., the
supermarket, the post office). In addition, he was not able to
draw a floor plan of his house, nor was he able to point in the
direction of the Pacific Ocean (although he lived within 2 miles
of the coast).

Retrograde Memory. E.P. had severe and extensive retrograde
amnesia for facts and events but nonetheless was able to retrieve
memories from his early life. Specifically, he was markedly im-
paired on tests of recall and recognition for public events, fa-
mous faces, and famous names that came into the news after
1950 (20). His performance was good on tests that queried his
memory from before the age of about 25 y, i.e., before the late
1940s. For example, on one test of news events that occurred
from 1938 to 2005 (47), E.P.’s retrograde amnesia covered at
least 30–40 y (Fig. 3). Nonetheless, his performance improved
somewhat when questions concerned events that had occurred
>30 y before his amnesia and reached normal levels for the
period 46–50 y before amnesia when he was 20–24 y old.
The same pattern was apparent on a standardized test of au-

tobiographical memory (Fig. 4). This testing method (48)
quantifies the recall of autobiographical incidents and personal
semantic facts using a structured interview. E.P. was unable to
answer any questions about his recent life, he was moderately
impaired in answering questions about early adulthood, and he
was fully intact in answering questions about his childhood (until
age 18 y) (47).
In other tests (49), E.P. and controls recollected events from

early life, and transcripts of the recollections were then analyzed
for narrative content. E.P. produced as many details in each
narrative as his controls (Fig. S2, Left). Despite his success in
remembering remote events, E.P. tended to repeat details within
his narrative recollections (Fig. S2, Right), presumably because
he had difficulty remembering what he already had said. Addi-
tional measures suggested that E.P.’s early memories were as
vivid as the controls’ memories and were normal in other
respects as well (50). Still other tests were designed to increase
the sensitivity of autobiographical memory tests by eliciting
narrative recollections about a small number of prominent epi-

Fig. 2. The Rey–Osterrieth figure. E.P. and a control were asked to copy the
figure shown at the left (Upper) and then 10–15 min later, without fore-
warning, to reproduce the figure from memory (Lower). E.P. did not recall
copying a figure and declined to make a guess.
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E.P. also performed well on tests of working memory (39). He
retained three names across a 14-s delay (92.2% vs. 94.5% for
controls), he retained single faces for 2 s (96.9% vs. 98.8% for
controls), and he retained three different object–location asso-
ciations for 8 s (87.5% vs. 93.2% for controls). All these scores
were within one SD of the control mean. E.P. and other memory-
impaired patients performed poorly in more challenging con-
ditions of the same kind of tests (e.g., single faces after 14 s, six
object–location associations after 8 s). Independent evidence
suggested that performance under these conditions depends sub-
stantially on long-term memory (39).

Spatial Cognition.E.P. took two tests that assessed his capacity for
spatial cognition. In one test he was blindfolded and led along
paths (up to 15 m in length and involving two turns) while being
asked to hold his start location actively in mind (40). At the end
of the path, E.P. was able to point accurately to his start location
(trial times about 30 s). However, several minutes later E.P could
remember nothing of what he had been doing and suggested that
he had been “in conversation.” His ability to keep track of a ref-
erence location for a time as he moved through space (some-
times termed “path integration”) presumably depended on his
intact working memory.
In a second test, E.P. performed well when asked to navigate

mentally through the environment where he grew up (41). He
also could find a new route when the route he first chose was
made unavailable, and he was able to point accurately toward
landmarks in his childhood environment when imagining himself
in a particular location and facing a particular direction. His
good performance on this test presumably relates to his generally
good performance on tests of remote memory that asked about
his early life (see Retrograde Memory).

Declarative Memory (New Learning). Despite E.P.’s intact perfor-
mance on tests of immediate memory and working memory, his
declarative memory was profoundly impaired, as documented by
every test of recall and recognition that he was given. His deficit
was apparent across all types of material (e.g., scenes, words, dot
patterns, synthetic sounds). Table S1 and Fig. 2 illustrate E.P.’s
performance on standard memory tests. He exhibited no capacity
for new learning. For example, in two earlier studies (25, 42), he
took 42 different recognition memory tests (20 or 24 words
tested after a 5- to10-min delay by yes–no recognition or forced-
choice recognition). His average score across all the tests was
49.3% correct (chance = 50.0%). It also is notable that, like
other patients with medial temporal lobe damage, E.P. was un-
able to acquire trace eyeblink conditioning (43).
Unlike many memory-impaired patients, including H.M. (44),

E.P.’s recognition memory did not improve after extended ex-
posure to study material (45). For example E.P. viewed 40 scenes
for a total presentation time of 20 s each and then took a yes–no
recognition test (10-min delay). Across three separate study-test
sessions, E.P. scored at chance (50.6% correct). E.P.’s perfor-

mance also remained at chance levels when he was tested in
a forced-choice format and when the tests involved shorter lists
of items. In contrast, with similar tests H.M. benefited from ex-
tended exposure time (120 scenes presented for a total of 20 s
each), obtaining a score of 78.8% correct across four tests (44).
Additional tests explored the possibility that E.P. might have

been capable of identifying items based on a simple, nonspecific
sense of familiarity, even if an item could not be recalled or
associated with its original context (46). Accordingly, in three
similarly designed tests E.P. was asked to identify a word, name,
or face that could have become familiar only after his illness
in 1992. For example, he was asked to select the one real item
when it was presented together with eight plausible foils (Prozac,
Flozac, Flozam, Prozam, Grosam, Grozac, Grodaz, Prodaz, Flo-
daz). Across 74 test items, E.P. scored 16.2% correct (chance =
11.0%, P = 0.11). E.P.’s only hint of new learning came from an
eight-item test of household objects that had been acquired after
the onset of his amnesia. Photos of each item were presented
together with five other exemplars of the same object (e.g.,
a different lamp, car, or table). E.P’s spouse scored 100% cor-
rect, indicating that the objects were readily recognizable. E.P.
scored 33% correct across three tests (chance = 16.6%, P =
0.057). Although these data suggest a limited ability to learn
postmorbidly when items have been exposed (presumably)
hundreds or thousands of times, it also is possible that E.P. based
his selections in part on longstanding preferences for certain
types of objects and that the objects purchased by the family after
1992 conformed to these preferences.
E.P. moved to the San Diego area in 1993 after he became

amnesic. His poor knowledge of his house and neighborhood
further illustrated his anterograde memory impairment. He was
unable to name any streets in his neighborhood or describe how
he would travel to places that he visited with his wife (e.g., the
supermarket, the post office). In addition, he was not able to
draw a floor plan of his house, nor was he able to point in the
direction of the Pacific Ocean (although he lived within 2 miles
of the coast).

Retrograde Memory. E.P. had severe and extensive retrograde
amnesia for facts and events but nonetheless was able to retrieve
memories from his early life. Specifically, he was markedly im-
paired on tests of recall and recognition for public events, fa-
mous faces, and famous names that came into the news after
1950 (20). His performance was good on tests that queried his
memory from before the age of about 25 y, i.e., before the late
1940s. For example, on one test of news events that occurred
from 1938 to 2005 (47), E.P.’s retrograde amnesia covered at
least 30–40 y (Fig. 3). Nonetheless, his performance improved
somewhat when questions concerned events that had occurred
>30 y before his amnesia and reached normal levels for the
period 46–50 y before amnesia when he was 20–24 y old.
The same pattern was apparent on a standardized test of au-
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quantifies the recall of autobiographical incidents and personal
semantic facts using a structured interview. E.P. was unable to
answer any questions about his recent life, he was moderately
impaired in answering questions about early adulthood, and he
was fully intact in answering questions about his childhood (until
age 18 y) (47).
In other tests (49), E.P. and controls recollected events from

early life, and transcripts of the recollections were then analyzed
for narrative content. E.P. produced as many details in each
narrative as his controls (Fig. S2, Left). Despite his success in
remembering remote events, E.P. tended to repeat details within
his narrative recollections (Fig. S2, Right), presumably because
he had difficulty remembering what he already had said. Addi-
tional measures suggested that E.P.’s early memories were as
vivid as the controls’ memories and were normal in other
respects as well (50). Still other tests were designed to increase
the sensitivity of autobiographical memory tests by eliciting
narrative recollections about a small number of prominent epi-

Fig. 2. The Rey–Osterrieth figure. E.P. and a control were asked to copy the
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E.P. also performed well on tests of working memory (39). He
retained three names across a 14-s delay (92.2% vs. 94.5% for
controls), he retained single faces for 2 s (96.9% vs. 98.8% for
controls), and he retained three different object–location asso-
ciations for 8 s (87.5% vs. 93.2% for controls). All these scores
were within one SD of the control mean. E.P. and other memory-
impaired patients performed poorly in more challenging con-
ditions of the same kind of tests (e.g., single faces after 14 s, six
object–location associations after 8 s). Independent evidence
suggested that performance under these conditions depends sub-
stantially on long-term memory (39).

Spatial Cognition.E.P. took two tests that assessed his capacity for
spatial cognition. In one test he was blindfolded and led along
paths (up to 15 m in length and involving two turns) while being
asked to hold his start location actively in mind (40). At the end
of the path, E.P. was able to point accurately to his start location
(trial times about 30 s). However, several minutes later E.P could
remember nothing of what he had been doing and suggested that
he had been “in conversation.” His ability to keep track of a ref-
erence location for a time as he moved through space (some-
times termed “path integration”) presumably depended on his
intact working memory.
In a second test, E.P. performed well when asked to navigate

mentally through the environment where he grew up (41). He
also could find a new route when the route he first chose was
made unavailable, and he was able to point accurately toward
landmarks in his childhood environment when imagining himself
in a particular location and facing a particular direction. His
good performance on this test presumably relates to his generally
good performance on tests of remote memory that asked about
his early life (see Retrograde Memory).

Declarative Memory (New Learning). Despite E.P.’s intact perfor-
mance on tests of immediate memory and working memory, his
declarative memory was profoundly impaired, as documented by
every test of recall and recognition that he was given. His deficit
was apparent across all types of material (e.g., scenes, words, dot
patterns, synthetic sounds). Table S1 and Fig. 2 illustrate E.P.’s
performance on standard memory tests. He exhibited no capacity
for new learning. For example, in two earlier studies (25, 42), he
took 42 different recognition memory tests (20 or 24 words
tested after a 5- to10-min delay by yes–no recognition or forced-
choice recognition). His average score across all the tests was
49.3% correct (chance = 50.0%). It also is notable that, like
other patients with medial temporal lobe damage, E.P. was un-
able to acquire trace eyeblink conditioning (43).
Unlike many memory-impaired patients, including H.M. (44),

E.P.’s recognition memory did not improve after extended ex-
posure to study material (45). For example E.P. viewed 40 scenes
for a total presentation time of 20 s each and then took a yes–no
recognition test (10-min delay). Across three separate study-test
sessions, E.P. scored at chance (50.6% correct). E.P.’s perfor-

mance also remained at chance levels when he was tested in
a forced-choice format and when the tests involved shorter lists
of items. In contrast, with similar tests H.M. benefited from ex-
tended exposure time (120 scenes presented for a total of 20 s
each), obtaining a score of 78.8% correct across four tests (44).
Additional tests explored the possibility that E.P. might have

been capable of identifying items based on a simple, nonspecific
sense of familiarity, even if an item could not be recalled or
associated with its original context (46). Accordingly, in three
similarly designed tests E.P. was asked to identify a word, name,
or face that could have become familiar only after his illness
in 1992. For example, he was asked to select the one real item
when it was presented together with eight plausible foils (Prozac,
Flozac, Flozam, Prozam, Grosam, Grozac, Grodaz, Prodaz, Flo-
daz). Across 74 test items, E.P. scored 16.2% correct (chance =
11.0%, P = 0.11). E.P.’s only hint of new learning came from an
eight-item test of household objects that had been acquired after
the onset of his amnesia. Photos of each item were presented
together with five other exemplars of the same object (e.g.,
a different lamp, car, or table). E.P’s spouse scored 100% cor-
rect, indicating that the objects were readily recognizable. E.P.
scored 33% correct across three tests (chance = 16.6%, P =
0.057). Although these data suggest a limited ability to learn
postmorbidly when items have been exposed (presumably)
hundreds or thousands of times, it also is possible that E.P. based
his selections in part on longstanding preferences for certain
types of objects and that the objects purchased by the family after
1992 conformed to these preferences.
E.P. moved to the San Diego area in 1993 after he became

amnesic. His poor knowledge of his house and neighborhood
further illustrated his anterograde memory impairment. He was
unable to name any streets in his neighborhood or describe how
he would travel to places that he visited with his wife (e.g., the
supermarket, the post office). In addition, he was not able to
draw a floor plan of his house, nor was he able to point in the
direction of the Pacific Ocean (although he lived within 2 miles
of the coast).

Retrograde Memory. E.P. had severe and extensive retrograde
amnesia for facts and events but nonetheless was able to retrieve
memories from his early life. Specifically, he was markedly im-
paired on tests of recall and recognition for public events, fa-
mous faces, and famous names that came into the news after
1950 (20). His performance was good on tests that queried his
memory from before the age of about 25 y, i.e., before the late
1940s. For example, on one test of news events that occurred
from 1938 to 2005 (47), E.P.’s retrograde amnesia covered at
least 30–40 y (Fig. 3). Nonetheless, his performance improved
somewhat when questions concerned events that had occurred
>30 y before his amnesia and reached normal levels for the
period 46–50 y before amnesia when he was 20–24 y old.
The same pattern was apparent on a standardized test of au-

tobiographical memory (Fig. 4). This testing method (48)
quantifies the recall of autobiographical incidents and personal
semantic facts using a structured interview. E.P. was unable to
answer any questions about his recent life, he was moderately
impaired in answering questions about early adulthood, and he
was fully intact in answering questions about his childhood (until
age 18 y) (47).
In other tests (49), E.P. and controls recollected events from

early life, and transcripts of the recollections were then analyzed
for narrative content. E.P. produced as many details in each
narrative as his controls (Fig. S2, Left). Despite his success in
remembering remote events, E.P. tended to repeat details within
his narrative recollections (Fig. S2, Right), presumably because
he had difficulty remembering what he already had said. Addi-
tional measures suggested that E.P.’s early memories were as
vivid as the controls’ memories and were normal in other
respects as well (50). Still other tests were designed to increase
the sensitivity of autobiographical memory tests by eliciting
narrative recollections about a small number of prominent epi-

Fig. 2. The Rey–Osterrieth figure. E.P. and a control were asked to copy the
figure shown at the left (Upper) and then 10–15 min later, without fore-
warning, to reproduce the figure from memory (Lower). E.P. did not recall
copying a figure and declined to make a guess.
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Memory systems

• Impairment of declarative memory acquisition

E.P. also performed well on tests of working memory (39). He
retained three names across a 14-s delay (92.2% vs. 94.5% for
controls), he retained single faces for 2 s (96.9% vs. 98.8% for
controls), and he retained three different object–location asso-
ciations for 8 s (87.5% vs. 93.2% for controls). All these scores
were within one SD of the control mean. E.P. and other memory-
impaired patients performed poorly in more challenging con-
ditions of the same kind of tests (e.g., single faces after 14 s, six
object–location associations after 8 s). Independent evidence
suggested that performance under these conditions depends sub-
stantially on long-term memory (39).

Spatial Cognition.E.P. took two tests that assessed his capacity for
spatial cognition. In one test he was blindfolded and led along
paths (up to 15 m in length and involving two turns) while being
asked to hold his start location actively in mind (40). At the end
of the path, E.P. was able to point accurately to his start location
(trial times about 30 s). However, several minutes later E.P could
remember nothing of what he had been doing and suggested that
he had been “in conversation.” His ability to keep track of a ref-
erence location for a time as he moved through space (some-
times termed “path integration”) presumably depended on his
intact working memory.
In a second test, E.P. performed well when asked to navigate

mentally through the environment where he grew up (41). He
also could find a new route when the route he first chose was
made unavailable, and he was able to point accurately toward
landmarks in his childhood environment when imagining himself
in a particular location and facing a particular direction. His
good performance on this test presumably relates to his generally
good performance on tests of remote memory that asked about
his early life (see Retrograde Memory).

Declarative Memory (New Learning). Despite E.P.’s intact perfor-
mance on tests of immediate memory and working memory, his
declarative memory was profoundly impaired, as documented by
every test of recall and recognition that he was given. His deficit
was apparent across all types of material (e.g., scenes, words, dot
patterns, synthetic sounds). Table S1 and Fig. 2 illustrate E.P.’s
performance on standard memory tests. He exhibited no capacity
for new learning. For example, in two earlier studies (25, 42), he
took 42 different recognition memory tests (20 or 24 words
tested after a 5- to10-min delay by yes–no recognition or forced-
choice recognition). His average score across all the tests was
49.3% correct (chance = 50.0%). It also is notable that, like
other patients with medial temporal lobe damage, E.P. was un-
able to acquire trace eyeblink conditioning (43).
Unlike many memory-impaired patients, including H.M. (44),

E.P.’s recognition memory did not improve after extended ex-
posure to study material (45). For example E.P. viewed 40 scenes
for a total presentation time of 20 s each and then took a yes–no
recognition test (10-min delay). Across three separate study-test
sessions, E.P. scored at chance (50.6% correct). E.P.’s perfor-

mance also remained at chance levels when he was tested in
a forced-choice format and when the tests involved shorter lists
of items. In contrast, with similar tests H.M. benefited from ex-
tended exposure time (120 scenes presented for a total of 20 s
each), obtaining a score of 78.8% correct across four tests (44).
Additional tests explored the possibility that E.P. might have

been capable of identifying items based on a simple, nonspecific
sense of familiarity, even if an item could not be recalled or
associated with its original context (46). Accordingly, in three
similarly designed tests E.P. was asked to identify a word, name,
or face that could have become familiar only after his illness
in 1992. For example, he was asked to select the one real item
when it was presented together with eight plausible foils (Prozac,
Flozac, Flozam, Prozam, Grosam, Grozac, Grodaz, Prodaz, Flo-
daz). Across 74 test items, E.P. scored 16.2% correct (chance =
11.0%, P = 0.11). E.P.’s only hint of new learning came from an
eight-item test of household objects that had been acquired after
the onset of his amnesia. Photos of each item were presented
together with five other exemplars of the same object (e.g.,
a different lamp, car, or table). E.P’s spouse scored 100% cor-
rect, indicating that the objects were readily recognizable. E.P.
scored 33% correct across three tests (chance = 16.6%, P =
0.057). Although these data suggest a limited ability to learn
postmorbidly when items have been exposed (presumably)
hundreds or thousands of times, it also is possible that E.P. based
his selections in part on longstanding preferences for certain
types of objects and that the objects purchased by the family after
1992 conformed to these preferences.
E.P. moved to the San Diego area in 1993 after he became

amnesic. His poor knowledge of his house and neighborhood
further illustrated his anterograde memory impairment. He was
unable to name any streets in his neighborhood or describe how
he would travel to places that he visited with his wife (e.g., the
supermarket, the post office). In addition, he was not able to
draw a floor plan of his house, nor was he able to point in the
direction of the Pacific Ocean (although he lived within 2 miles
of the coast).

Retrograde Memory. E.P. had severe and extensive retrograde
amnesia for facts and events but nonetheless was able to retrieve
memories from his early life. Specifically, he was markedly im-
paired on tests of recall and recognition for public events, fa-
mous faces, and famous names that came into the news after
1950 (20). His performance was good on tests that queried his
memory from before the age of about 25 y, i.e., before the late
1940s. For example, on one test of news events that occurred
from 1938 to 2005 (47), E.P.’s retrograde amnesia covered at
least 30–40 y (Fig. 3). Nonetheless, his performance improved
somewhat when questions concerned events that had occurred
>30 y before his amnesia and reached normal levels for the
period 46–50 y before amnesia when he was 20–24 y old.
The same pattern was apparent on a standardized test of au-

tobiographical memory (Fig. 4). This testing method (48)
quantifies the recall of autobiographical incidents and personal
semantic facts using a structured interview. E.P. was unable to
answer any questions about his recent life, he was moderately
impaired in answering questions about early adulthood, and he
was fully intact in answering questions about his childhood (until
age 18 y) (47).
In other tests (49), E.P. and controls recollected events from

early life, and transcripts of the recollections were then analyzed
for narrative content. E.P. produced as many details in each
narrative as his controls (Fig. S2, Left). Despite his success in
remembering remote events, E.P. tended to repeat details within
his narrative recollections (Fig. S2, Right), presumably because
he had difficulty remembering what he already had said. Addi-
tional measures suggested that E.P.’s early memories were as
vivid as the controls’ memories and were normal in other
respects as well (50). Still other tests were designed to increase
the sensitivity of autobiographical memory tests by eliciting
narrative recollections about a small number of prominent epi-

Fig. 2. The Rey–Osterrieth figure. E.P. and a control were asked to copy the
figure shown at the left (Upper) and then 10–15 min later, without fore-
warning, to reproduce the figure from memory (Lower). E.P. did not recall
copying a figure and declined to make a guess.
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E.P. also performed well on tests of working memory (39). He
retained three names across a 14-s delay (92.2% vs. 94.5% for
controls), he retained single faces for 2 s (96.9% vs. 98.8% for
controls), and he retained three different object–location asso-
ciations for 8 s (87.5% vs. 93.2% for controls). All these scores
were within one SD of the control mean. E.P. and other memory-
impaired patients performed poorly in more challenging con-
ditions of the same kind of tests (e.g., single faces after 14 s, six
object–location associations after 8 s). Independent evidence
suggested that performance under these conditions depends sub-
stantially on long-term memory (39).

Spatial Cognition.E.P. took two tests that assessed his capacity for
spatial cognition. In one test he was blindfolded and led along
paths (up to 15 m in length and involving two turns) while being
asked to hold his start location actively in mind (40). At the end
of the path, E.P. was able to point accurately to his start location
(trial times about 30 s). However, several minutes later E.P could
remember nothing of what he had been doing and suggested that
he had been “in conversation.” His ability to keep track of a ref-
erence location for a time as he moved through space (some-
times termed “path integration”) presumably depended on his
intact working memory.
In a second test, E.P. performed well when asked to navigate

mentally through the environment where he grew up (41). He
also could find a new route when the route he first chose was
made unavailable, and he was able to point accurately toward
landmarks in his childhood environment when imagining himself
in a particular location and facing a particular direction. His
good performance on this test presumably relates to his generally
good performance on tests of remote memory that asked about
his early life (see Retrograde Memory).

Declarative Memory (New Learning). Despite E.P.’s intact perfor-
mance on tests of immediate memory and working memory, his
declarative memory was profoundly impaired, as documented by
every test of recall and recognition that he was given. His deficit
was apparent across all types of material (e.g., scenes, words, dot
patterns, synthetic sounds). Table S1 and Fig. 2 illustrate E.P.’s
performance on standard memory tests. He exhibited no capacity
for new learning. For example, in two earlier studies (25, 42), he
took 42 different recognition memory tests (20 or 24 words
tested after a 5- to10-min delay by yes–no recognition or forced-
choice recognition). His average score across all the tests was
49.3% correct (chance = 50.0%). It also is notable that, like
other patients with medial temporal lobe damage, E.P. was un-
able to acquire trace eyeblink conditioning (43).
Unlike many memory-impaired patients, including H.M. (44),

E.P.’s recognition memory did not improve after extended ex-
posure to study material (45). For example E.P. viewed 40 scenes
for a total presentation time of 20 s each and then took a yes–no
recognition test (10-min delay). Across three separate study-test
sessions, E.P. scored at chance (50.6% correct). E.P.’s perfor-

mance also remained at chance levels when he was tested in
a forced-choice format and when the tests involved shorter lists
of items. In contrast, with similar tests H.M. benefited from ex-
tended exposure time (120 scenes presented for a total of 20 s
each), obtaining a score of 78.8% correct across four tests (44).
Additional tests explored the possibility that E.P. might have
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11.0%, P = 0.11). E.P.’s only hint of new learning came from an
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together with five other exemplars of the same object (e.g.,
a different lamp, car, or table). E.P’s spouse scored 100% cor-
rect, indicating that the objects were readily recognizable. E.P.
scored 33% correct across three tests (chance = 16.6%, P =
0.057). Although these data suggest a limited ability to learn
postmorbidly when items have been exposed (presumably)
hundreds or thousands of times, it also is possible that E.P. based
his selections in part on longstanding preferences for certain
types of objects and that the objects purchased by the family after
1992 conformed to these preferences.
E.P. moved to the San Diego area in 1993 after he became
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he would travel to places that he visited with his wife (e.g., the
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The same pattern was apparent on a standardized test of au-

tobiographical memory (Fig. 4). This testing method (48)
quantifies the recall of autobiographical incidents and personal
semantic facts using a structured interview. E.P. was unable to
answer any questions about his recent life, he was moderately
impaired in answering questions about early adulthood, and he
was fully intact in answering questions about his childhood (until
age 18 y) (47).
In other tests (49), E.P. and controls recollected events from

early life, and transcripts of the recollections were then analyzed
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narrative as his controls (Fig. S2, Left). Despite his success in
remembering remote events, E.P. tended to repeat details within
his narrative recollections (Fig. S2, Right), presumably because
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tional measures suggested that E.P.’s early memories were as
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controls), he retained single faces for 2 s (96.9% vs. 98.8% for
controls), and he retained three different object–location asso-
ciations for 8 s (87.5% vs. 93.2% for controls). All these scores
were within one SD of the control mean. E.P. and other memory-
impaired patients performed poorly in more challenging con-
ditions of the same kind of tests (e.g., single faces after 14 s, six
object–location associations after 8 s). Independent evidence
suggested that performance under these conditions depends sub-
stantially on long-term memory (39).

Spatial Cognition.E.P. took two tests that assessed his capacity for
spatial cognition. In one test he was blindfolded and led along
paths (up to 15 m in length and involving two turns) while being
asked to hold his start location actively in mind (40). At the end
of the path, E.P. was able to point accurately to his start location
(trial times about 30 s). However, several minutes later E.P could
remember nothing of what he had been doing and suggested that
he had been “in conversation.” His ability to keep track of a ref-
erence location for a time as he moved through space (some-
times termed “path integration”) presumably depended on his
intact working memory.
In a second test, E.P. performed well when asked to navigate
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made unavailable, and he was able to point accurately toward
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patterns, synthetic sounds). Table S1 and Fig. 2 illustrate E.P.’s
performance on standard memory tests. He exhibited no capacity
for new learning. For example, in two earlier studies (25, 42), he
took 42 different recognition memory tests (20 or 24 words
tested after a 5- to10-min delay by yes–no recognition or forced-
choice recognition). His average score across all the tests was
49.3% correct (chance = 50.0%). It also is notable that, like
other patients with medial temporal lobe damage, E.P. was un-
able to acquire trace eyeblink conditioning (43).
Unlike many memory-impaired patients, including H.M. (44),

E.P.’s recognition memory did not improve after extended ex-
posure to study material (45). For example E.P. viewed 40 scenes
for a total presentation time of 20 s each and then took a yes–no
recognition test (10-min delay). Across three separate study-test
sessions, E.P. scored at chance (50.6% correct). E.P.’s perfor-

mance also remained at chance levels when he was tested in
a forced-choice format and when the tests involved shorter lists
of items. In contrast, with similar tests H.M. benefited from ex-
tended exposure time (120 scenes presented for a total of 20 s
each), obtaining a score of 78.8% correct across four tests (44).
Additional tests explored the possibility that E.P. might have
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in 1992. For example, he was asked to select the one real item
when it was presented together with eight plausible foils (Prozac,
Flozac, Flozam, Prozam, Grosam, Grozac, Grodaz, Prodaz, Flo-
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a different lamp, car, or table). E.P’s spouse scored 100% cor-
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0.057). Although these data suggest a limited ability to learn
postmorbidly when items have been exposed (presumably)
hundreds or thousands of times, it also is possible that E.P. based
his selections in part on longstanding preferences for certain
types of objects and that the objects purchased by the family after
1992 conformed to these preferences.
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supermarket, the post office). In addition, he was not able to
draw a floor plan of his house, nor was he able to point in the
direction of the Pacific Ocean (although he lived within 2 miles
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for narrative content. E.P. produced as many details in each
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remembering remote events, E.P. tended to repeat details within
his narrative recollections (Fig. S2, Right), presumably because
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narrative recollections about a small number of prominent epi-
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objects, turn it over, and discover whether the word “correct”
was printed underneath. When he was later given a variant of the
same test that asked him simply to point to the correct object, he
said, “But I’d like to turn them over. I love to turn them over.”
We suppose that these examples of behavioral change are

instances of habit learning, which E.P. was able to accomplish
gradually and which allowed him to modify his behavior in re-
sponse to regularities in his environment.

Neuropathological Findings. Synopsis. Before describing E.P.’s
neuropathological findings in detail, we present here a synopsis
of the most salient findings in relation to his profound memory
impairment. As already appreciated from earlier MRI findings
(17), the major brain damage in E.P. involved his medial tem-
poral lobes. Starting at the rostral pole of the temporal lobe, the
dorsomedial aspect of the temporopolar cortex was damaged
substantially and bilaterally. Caudal to this level, the amygdaloid
complex was entirely eliminated bilaterally. Below and behind
the amygdala, the entorhinal cortex was almost entirely elimi-
nated bilaterally, and there was only a hint of the characteristic
layer II islands at its caudal extreme. Similarly, almost all of the
other fields of the hippocampal formation (dentate gyrus, hip-
pocampus, subiculum, presubiculum, and parasubiculum) were
eliminated bilaterally. Only small remnants of the dentate gyrus,
subiculum, and presubiculum were present at the most caudal
levels. Because of this massive loss of the substance of the hip-
pocampal formation, the fimbria and fornix were markedly
shrunken. In addition, the entire perirhinal cortex (Brodmann
areas 35 and 36) was eliminated bilaterally. Approximately 70–
80% of the rostrocaudal extent of the parahippocampal cortex
(areas TF and TH) was preserved but showed a poorly defined
laminar organization. This feature also was observed more cau-
dally in the retrosplenial cortex.
There was gliosis in the white matter of the temporal stem that

extended into the orbitofrontal cortex. The rostral temporal stem,
which carries fibers of the uncinate fasciculus between the tem-
poral and frontal lobes, was invaded by the cystic formations that
replaced the amygdala and hippocampal formation. The rostral
fusiform gyrus was directly damaged. However, direct damage to
the medial temporal lobe did not extend laterally beyond the
medial bank of the inferior temporal sulcus. Aside from the direct
damage, there was substantial atrophy of the temporal neocortex
along with heavy gliosis within the subcortical white matter. There
were no areas of clear cell loss in the frontal lobe, but gliosis was
apparent in the underlying white matter, particularly in the orbital
regions. Beyond the temporal and frontal lobes, the anterior
commissure was atrophic and gliotic, and there was substantial
cell loss in the claustrum, the medial septal nucleus, and the
medial mammillary nucleus. There was patchy cell loss in the

thalamus, particularly in the anterior nucleus and the pulvinar.
Last, there was a mass in the fourth ventricle below the cerebel-
lum that invaded the substance of the dorsal medulla.
Gross appearance of the brain. The ventral surface of E.P.’s brain
(Fig. 6) contained large, brownish-tinged cysts that occupied the
medial aspect of both temporal lobes (Fig. 6, arrows). The cysts
had a semitranslucent appearance because of a thin layer of pia
mater covering a series of cavities that extended deeply into the
temporal lobe tissue. The cystic formation was about 3 cm in
rostrocaudal extent on the right hemisphere and was about 2.5 cm
in extent on the left hemisphere. The cysts occupied portions of
the medial temporal lobe that originally included the amygdala
rostrally and the hippocampal formation more caudally. The cysts
also involved the region normally occupied by the entorhinal
cortex and extended laterally to involve the perirhinal cortex
along both the medial and lateral banks of the collateral sulcus.
The maximal lateral extent of the damage was the medial bank of
the inferior temporal sulcus. The cysts did not continue into the
caudal portion of the parahippocampal gyrus, and thus much of
the posterior parahippocampal cortex (areas TF and TH) ap-
peared to be intact. The lateral extent of the grossly apparent
damage was greater in the right hemisphere than in the left. Ros-
trally, the fusiform gyrus was occupied by the cyst. However, it was
largely intact more posteriorly (Fig. 6). The lateral portion of the
temporal lobe did not exhibit any gross abnormalities.
The remaining cortical surfaces of the brain had a normal

appearance. In particular, the cystic lesions did not extend into
the orbital regions of the frontal lobe or into the insular cortex.
However, there were other abnormalities on the ventral surface.
The mammillary bodies, for example, were shrunken, especially
on the left side (Fig. 6).
Microscopic appearance of the brain. The description of the micro-
scopic features of E.P.’s neuropathology is based on an analysis
of Nissl-stained sections through the entire rostrocaudal extent
of the brain. Our description begins with a presentation of the
hippocampal formation and amygdala. We then move to the
cerebral cortex and then to other portions of the brain.

Fig. 5. After studying 24 words, E.P. and seven controls were given 12 tests
of perceptual identification priming and six parallel tests of recognition
memory. Priming scores were calculated as percent correct identification of
24 briefly presented old words minus percent correct identification of 24
briefly presented new words. Recognition scores were calculated as percent
correct on a two-choice test of 24 word pairs (one old word and one new
word). For controls, brackets indicate SEM. For E.P., brackets show SEM across
all the tests. Data are from ref. 42.

Fig. 6. Photograph of the ventral surface of E.P.’s brain. Note the brownish-
tinged cysts that occupy the anterior, medial temporal lobe (cysts on left side
of brain are indicated by black arrows). See the text for a complete de-
scription. The medial mammillary nuclei (MMN) are shrunken, particularly on
the left side of the brain. (Scale bar: 1cm.) cs, collateral sulcus; FG, fusiform
gyrus; ITG, inferior temporal gyrus; its, inferior temporal sulcus; MTG, middle
temporal gyrus; mts, middle temporal sulcus; STG, superior temporal gyrus;
sts, superior temporal sulcus; TPC, temporopolar cortex.
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• Intact non-declarative memory

Hannula and Greene Hippocampus and Unconscious Memory Reevaluated

FIGURE 1 | Classic evidence for intact unconscious memory following
amnesia. (A) Left: Illustration of the mirror tracing apparatus. The paper and
the participant’s hand are blocked from view, and tracing (within the lines of
the star) is accomplished via the reflection of the image in the mirror. Right:
Performance of patient H.M. on the mirror tracing task as reported by Milner
(1962; see also Milner et al., 1998). The number of tracing errors (i.e., tracing
outside of the boundaries) declined across trials and sessions illustrating
learning and retention of this motor skill. (B) Left: Illustration of the materials
used to examine memory for primed items. Participants are presented with
increasingly complete pictures of objects across trials and are asked to name
the object, even in its degraded form. Right: Performance of amnesic
patients and controls on the picture naming task as reported by Warrington
and Weiskrantz (1968). Both groups made fewer errors (i.e., provided fewer
incorrect names, even for degraded images) when the picture set was

presented repeatedly across several trials and sessions illustrating a
reprocessing or priming effect. (C) Left: Illustration of word triplets used in
the mirror-reading task. Some of these triplets were seen just once,
others were repeated several times during testing. Participants were
to read each triplet as quickly as possible when it was presented. Right:
Performance of amnesics and controls on the mirror reading task
reported by Cohen and Squire (1980). Mean reading times of patients and
controls decreased consistently across several days of testing providing
evidence for intact perceptual skill learning in amnesia. Patients did not
benefit as much as controls from repeated presentations of the same
triplets. [Figure 1A, right, reprinted with permission from Elsevier; Figure 1B,
right, reprinted by permission from Macmillan Publishers Ltd;
http://www.nature.com/; Figure 1C, right, reprinted with permission from
AAAS; http://www.aaas.org/].

orient participants to the stem-completion requirement, the task
is “treated more as a ‘guessing game’ than a formal test of mem-
ory” (Warrington and Weiskrantz, 1968; p. 974), and amnesic
patients perform much like controls. In contrast, when instruc-
tions reference prior experience, as in cued recall or recognition,
learning effects observed in amnesia are much reduced (e.g.,
Warrington and Weiskrantz, 1968; Squire et al., 1978).

Following on the heels of these reports, intact performances on
cognitive (e.g., Tower of Hanoi; see Cohen, 1984) and perceptual

skill learning tasks were also observed (Cohen and Squire, 1980).
In one of these experiments (Cohen and Squire, 1980), amnesic
patients acquired a pattern analyzing skill (i.e. reading mirror
reversed text) as quickly as a control group, but failed to show
the normal amount of additional facilitation to a subset of word
triplets that were presented 20 times over the course of the exper-
iment (see Figure 1C). The small amount of repetition-based
facilitation that was evident in the performances of amnesic
patients was subsequently considered akin to effects of perceptual
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triplets. [Figure 1A, right, reprinted with permission from Elsevier; Figure 1B,
right, reprinted by permission from Macmillan Publishers Ltd;
http://www.nature.com/; Figure 1C, right, reprinted with permission from
AAAS; http://www.aaas.org/].

orient participants to the stem-completion requirement, the task
is “treated more as a ‘guessing game’ than a formal test of mem-
ory” (Warrington and Weiskrantz, 1968; p. 974), and amnesic
patients perform much like controls. In contrast, when instruc-
tions reference prior experience, as in cued recall or recognition,
learning effects observed in amnesia are much reduced (e.g.,
Warrington and Weiskrantz, 1968; Squire et al., 1978).

Following on the heels of these reports, intact performances on
cognitive (e.g., Tower of Hanoi; see Cohen, 1984) and perceptual

skill learning tasks were also observed (Cohen and Squire, 1980).
In one of these experiments (Cohen and Squire, 1980), amnesic
patients acquired a pattern analyzing skill (i.e. reading mirror
reversed text) as quickly as a control group, but failed to show
the normal amount of additional facilitation to a subset of word
triplets that were presented 20 times over the course of the exper-
iment (see Figure 1C). The small amount of repetition-based
facilitation that was evident in the performances of amnesic
patients was subsequently considered akin to effects of perceptual

Frontiers in Human Neuroscience www.frontiersin.org April 2012 | Volume 6 | Article 80 | 3

Visuomotor skills



Memory systems

• Intact non-declarative memory

Hannula and Greene Hippocampus and Unconscious Memory Reevaluated

FIGURE 1 | Classic evidence for intact unconscious memory following
amnesia. (A) Left: Illustration of the mirror tracing apparatus. The paper and
the participant’s hand are blocked from view, and tracing (within the lines of
the star) is accomplished via the reflection of the image in the mirror. Right:
Performance of patient H.M. on the mirror tracing task as reported by Milner
(1962; see also Milner et al., 1998). The number of tracing errors (i.e., tracing
outside of the boundaries) declined across trials and sessions illustrating
learning and retention of this motor skill. (B) Left: Illustration of the materials
used to examine memory for primed items. Participants are presented with
increasingly complete pictures of objects across trials and are asked to name
the object, even in its degraded form. Right: Performance of amnesic
patients and controls on the picture naming task as reported by Warrington
and Weiskrantz (1968). Both groups made fewer errors (i.e., provided fewer
incorrect names, even for degraded images) when the picture set was

presented repeatedly across several trials and sessions illustrating a
reprocessing or priming effect. (C) Left: Illustration of word triplets used in
the mirror-reading task. Some of these triplets were seen just once,
others were repeated several times during testing. Participants were
to read each triplet as quickly as possible when it was presented. Right:
Performance of amnesics and controls on the mirror reading task
reported by Cohen and Squire (1980). Mean reading times of patients and
controls decreased consistently across several days of testing providing
evidence for intact perceptual skill learning in amnesia. Patients did not
benefit as much as controls from repeated presentations of the same
triplets. [Figure 1A, right, reprinted with permission from Elsevier; Figure 1B,
right, reprinted by permission from Macmillan Publishers Ltd;
http://www.nature.com/; Figure 1C, right, reprinted with permission from
AAAS; http://www.aaas.org/].

orient participants to the stem-completion requirement, the task
is “treated more as a ‘guessing game’ than a formal test of mem-
ory” (Warrington and Weiskrantz, 1968; p. 974), and amnesic
patients perform much like controls. In contrast, when instruc-
tions reference prior experience, as in cued recall or recognition,
learning effects observed in amnesia are much reduced (e.g.,
Warrington and Weiskrantz, 1968; Squire et al., 1978).

Following on the heels of these reports, intact performances on
cognitive (e.g., Tower of Hanoi; see Cohen, 1984) and perceptual

skill learning tasks were also observed (Cohen and Squire, 1980).
In one of these experiments (Cohen and Squire, 1980), amnesic
patients acquired a pattern analyzing skill (i.e. reading mirror
reversed text) as quickly as a control group, but failed to show
the normal amount of additional facilitation to a subset of word
triplets that were presented 20 times over the course of the exper-
iment (see Figure 1C). The small amount of repetition-based
facilitation that was evident in the performances of amnesic
patients was subsequently considered akin to effects of perceptual
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the participant’s hand are blocked from view, and tracing (within the lines of
the star) is accomplished via the reflection of the image in the mirror. Right:
Performance of patient H.M. on the mirror tracing task as reported by Milner
(1962; see also Milner et al., 1998). The number of tracing errors (i.e., tracing
outside of the boundaries) declined across trials and sessions illustrating
learning and retention of this motor skill. (B) Left: Illustration of the materials
used to examine memory for primed items. Participants are presented with
increasingly complete pictures of objects across trials and are asked to name
the object, even in its degraded form. Right: Performance of amnesic
patients and controls on the picture naming task as reported by Warrington
and Weiskrantz (1968). Both groups made fewer errors (i.e., provided fewer
incorrect names, even for degraded images) when the picture set was

presented repeatedly across several trials and sessions illustrating a
reprocessing or priming effect. (C) Left: Illustration of word triplets used in
the mirror-reading task. Some of these triplets were seen just once,
others were repeated several times during testing. Participants were
to read each triplet as quickly as possible when it was presented. Right:
Performance of amnesics and controls on the mirror reading task
reported by Cohen and Squire (1980). Mean reading times of patients and
controls decreased consistently across several days of testing providing
evidence for intact perceptual skill learning in amnesia. Patients did not
benefit as much as controls from repeated presentations of the same
triplets. [Figure 1A, right, reprinted with permission from Elsevier; Figure 1B,
right, reprinted by permission from Macmillan Publishers Ltd;
http://www.nature.com/; Figure 1C, right, reprinted with permission from
AAAS; http://www.aaas.org/].

orient participants to the stem-completion requirement, the task
is “treated more as a ‘guessing game’ than a formal test of mem-
ory” (Warrington and Weiskrantz, 1968; p. 974), and amnesic
patients perform much like controls. In contrast, when instruc-
tions reference prior experience, as in cued recall or recognition,
learning effects observed in amnesia are much reduced (e.g.,
Warrington and Weiskrantz, 1968; Squire et al., 1978).

Following on the heels of these reports, intact performances on
cognitive (e.g., Tower of Hanoi; see Cohen, 1984) and perceptual

skill learning tasks were also observed (Cohen and Squire, 1980).
In one of these experiments (Cohen and Squire, 1980), amnesic
patients acquired a pattern analyzing skill (i.e. reading mirror
reversed text) as quickly as a control group, but failed to show
the normal amount of additional facilitation to a subset of word
triplets that were presented 20 times over the course of the exper-
iment (see Figure 1C). The small amount of repetition-based
facilitation that was evident in the performances of amnesic
patients was subsequently considered akin to effects of perceptual
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amnesia. (A) Left: Illustration of the mirror tracing apparatus. The paper and
the participant’s hand are blocked from view, and tracing (within the lines of
the star) is accomplished via the reflection of the image in the mirror. Right:
Performance of patient H.M. on the mirror tracing task as reported by Milner
(1962; see also Milner et al., 1998). The number of tracing errors (i.e., tracing
outside of the boundaries) declined across trials and sessions illustrating
learning and retention of this motor skill. (B) Left: Illustration of the materials
used to examine memory for primed items. Participants are presented with
increasingly complete pictures of objects across trials and are asked to name
the object, even in its degraded form. Right: Performance of amnesic
patients and controls on the picture naming task as reported by Warrington
and Weiskrantz (1968). Both groups made fewer errors (i.e., provided fewer
incorrect names, even for degraded images) when the picture set was

presented repeatedly across several trials and sessions illustrating a
reprocessing or priming effect. (C) Left: Illustration of word triplets used in
the mirror-reading task. Some of these triplets were seen just once,
others were repeated several times during testing. Participants were
to read each triplet as quickly as possible when it was presented. Right:
Performance of amnesics and controls on the mirror reading task
reported by Cohen and Squire (1980). Mean reading times of patients and
controls decreased consistently across several days of testing providing
evidence for intact perceptual skill learning in amnesia. Patients did not
benefit as much as controls from repeated presentations of the same
triplets. [Figure 1A, right, reprinted with permission from Elsevier; Figure 1B,
right, reprinted by permission from Macmillan Publishers Ltd;
http://www.nature.com/; Figure 1C, right, reprinted with permission from
AAAS; http://www.aaas.org/].

orient participants to the stem-completion requirement, the task
is “treated more as a ‘guessing game’ than a formal test of mem-
ory” (Warrington and Weiskrantz, 1968; p. 974), and amnesic
patients perform much like controls. In contrast, when instruc-
tions reference prior experience, as in cued recall or recognition,
learning effects observed in amnesia are much reduced (e.g.,
Warrington and Weiskrantz, 1968; Squire et al., 1978).

Following on the heels of these reports, intact performances on
cognitive (e.g., Tower of Hanoi; see Cohen, 1984) and perceptual

skill learning tasks were also observed (Cohen and Squire, 1980).
In one of these experiments (Cohen and Squire, 1980), amnesic
patients acquired a pattern analyzing skill (i.e. reading mirror
reversed text) as quickly as a control group, but failed to show
the normal amount of additional facilitation to a subset of word
triplets that were presented 20 times over the course of the exper-
iment (see Figure 1C). The small amount of repetition-based
facilitation that was evident in the performances of amnesic
patients was subsequently considered akin to effects of perceptual
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FIGURE 1 | Classic evidence for intact unconscious memory following
amnesia. (A) Left: Illustration of the mirror tracing apparatus. The paper and
the participant’s hand are blocked from view, and tracing (within the lines of
the star) is accomplished via the reflection of the image in the mirror. Right:
Performance of patient H.M. on the mirror tracing task as reported by Milner
(1962; see also Milner et al., 1998). The number of tracing errors (i.e., tracing
outside of the boundaries) declined across trials and sessions illustrating
learning and retention of this motor skill. (B) Left: Illustration of the materials
used to examine memory for primed items. Participants are presented with
increasingly complete pictures of objects across trials and are asked to name
the object, even in its degraded form. Right: Performance of amnesic
patients and controls on the picture naming task as reported by Warrington
and Weiskrantz (1968). Both groups made fewer errors (i.e., provided fewer
incorrect names, even for degraded images) when the picture set was

presented repeatedly across several trials and sessions illustrating a
reprocessing or priming effect. (C) Left: Illustration of word triplets used in
the mirror-reading task. Some of these triplets were seen just once,
others were repeated several times during testing. Participants were
to read each triplet as quickly as possible when it was presented. Right:
Performance of amnesics and controls on the mirror reading task
reported by Cohen and Squire (1980). Mean reading times of patients and
controls decreased consistently across several days of testing providing
evidence for intact perceptual skill learning in amnesia. Patients did not
benefit as much as controls from repeated presentations of the same
triplets. [Figure 1A, right, reprinted with permission from Elsevier; Figure 1B,
right, reprinted by permission from Macmillan Publishers Ltd;
http://www.nature.com/; Figure 1C, right, reprinted with permission from
AAAS; http://www.aaas.org/].

orient participants to the stem-completion requirement, the task
is “treated more as a ‘guessing game’ than a formal test of mem-
ory” (Warrington and Weiskrantz, 1968; p. 974), and amnesic
patients perform much like controls. In contrast, when instruc-
tions reference prior experience, as in cued recall or recognition,
learning effects observed in amnesia are much reduced (e.g.,
Warrington and Weiskrantz, 1968; Squire et al., 1978).

Following on the heels of these reports, intact performances on
cognitive (e.g., Tower of Hanoi; see Cohen, 1984) and perceptual

skill learning tasks were also observed (Cohen and Squire, 1980).
In one of these experiments (Cohen and Squire, 1980), amnesic
patients acquired a pattern analyzing skill (i.e. reading mirror
reversed text) as quickly as a control group, but failed to show
the normal amount of additional facilitation to a subset of word
triplets that were presented 20 times over the course of the exper-
iment (see Figure 1C). The small amount of repetition-based
facilitation that was evident in the performances of amnesic
patients was subsequently considered akin to effects of perceptual
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FIGURE 1 | Classic evidence for intact unconscious memory following
amnesia. (A) Left: Illustration of the mirror tracing apparatus. The paper and
the participant’s hand are blocked from view, and tracing (within the lines of
the star) is accomplished via the reflection of the image in the mirror. Right:
Performance of patient H.M. on the mirror tracing task as reported by Milner
(1962; see also Milner et al., 1998). The number of tracing errors (i.e., tracing
outside of the boundaries) declined across trials and sessions illustrating
learning and retention of this motor skill. (B) Left: Illustration of the materials
used to examine memory for primed items. Participants are presented with
increasingly complete pictures of objects across trials and are asked to name
the object, even in its degraded form. Right: Performance of amnesic
patients and controls on the picture naming task as reported by Warrington
and Weiskrantz (1968). Both groups made fewer errors (i.e., provided fewer
incorrect names, even for degraded images) when the picture set was

presented repeatedly across several trials and sessions illustrating a
reprocessing or priming effect. (C) Left: Illustration of word triplets used in
the mirror-reading task. Some of these triplets were seen just once,
others were repeated several times during testing. Participants were
to read each triplet as quickly as possible when it was presented. Right:
Performance of amnesics and controls on the mirror reading task
reported by Cohen and Squire (1980). Mean reading times of patients and
controls decreased consistently across several days of testing providing
evidence for intact perceptual skill learning in amnesia. Patients did not
benefit as much as controls from repeated presentations of the same
triplets. [Figure 1A, right, reprinted with permission from Elsevier; Figure 1B,
right, reprinted by permission from Macmillan Publishers Ltd;
http://www.nature.com/; Figure 1C, right, reprinted with permission from
AAAS; http://www.aaas.org/].

orient participants to the stem-completion requirement, the task
is “treated more as a ‘guessing game’ than a formal test of mem-
ory” (Warrington and Weiskrantz, 1968; p. 974), and amnesic
patients perform much like controls. In contrast, when instruc-
tions reference prior experience, as in cued recall or recognition,
learning effects observed in amnesia are much reduced (e.g.,
Warrington and Weiskrantz, 1968; Squire et al., 1978).

Following on the heels of these reports, intact performances on
cognitive (e.g., Tower of Hanoi; see Cohen, 1984) and perceptual

skill learning tasks were also observed (Cohen and Squire, 1980).
In one of these experiments (Cohen and Squire, 1980), amnesic
patients acquired a pattern analyzing skill (i.e. reading mirror
reversed text) as quickly as a control group, but failed to show
the normal amount of additional facilitation to a subset of word
triplets that were presented 20 times over the course of the exper-
iment (see Figure 1C). The small amount of repetition-based
facilitation that was evident in the performances of amnesic
patients was subsequently considered akin to effects of perceptual
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FIGURE 1 | Classic evidence for intact unconscious memory following
amnesia. (A) Left: Illustration of the mirror tracing apparatus. The paper and
the participant’s hand are blocked from view, and tracing (within the lines of
the star) is accomplished via the reflection of the image in the mirror. Right:
Performance of patient H.M. on the mirror tracing task as reported by Milner
(1962; see also Milner et al., 1998). The number of tracing errors (i.e., tracing
outside of the boundaries) declined across trials and sessions illustrating
learning and retention of this motor skill. (B) Left: Illustration of the materials
used to examine memory for primed items. Participants are presented with
increasingly complete pictures of objects across trials and are asked to name
the object, even in its degraded form. Right: Performance of amnesic
patients and controls on the picture naming task as reported by Warrington
and Weiskrantz (1968). Both groups made fewer errors (i.e., provided fewer
incorrect names, even for degraded images) when the picture set was

presented repeatedly across several trials and sessions illustrating a
reprocessing or priming effect. (C) Left: Illustration of word triplets used in
the mirror-reading task. Some of these triplets were seen just once,
others were repeated several times during testing. Participants were
to read each triplet as quickly as possible when it was presented. Right:
Performance of amnesics and controls on the mirror reading task
reported by Cohen and Squire (1980). Mean reading times of patients and
controls decreased consistently across several days of testing providing
evidence for intact perceptual skill learning in amnesia. Patients did not
benefit as much as controls from repeated presentations of the same
triplets. [Figure 1A, right, reprinted with permission from Elsevier; Figure 1B,
right, reprinted by permission from Macmillan Publishers Ltd;
http://www.nature.com/; Figure 1C, right, reprinted with permission from
AAAS; http://www.aaas.org/].

orient participants to the stem-completion requirement, the task
is “treated more as a ‘guessing game’ than a formal test of mem-
ory” (Warrington and Weiskrantz, 1968; p. 974), and amnesic
patients perform much like controls. In contrast, when instruc-
tions reference prior experience, as in cued recall or recognition,
learning effects observed in amnesia are much reduced (e.g.,
Warrington and Weiskrantz, 1968; Squire et al., 1978).

Following on the heels of these reports, intact performances on
cognitive (e.g., Tower of Hanoi; see Cohen, 1984) and perceptual

skill learning tasks were also observed (Cohen and Squire, 1980).
In one of these experiments (Cohen and Squire, 1980), amnesic
patients acquired a pattern analyzing skill (i.e. reading mirror
reversed text) as quickly as a control group, but failed to show
the normal amount of additional facilitation to a subset of word
triplets that were presented 20 times over the course of the exper-
iment (see Figure 1C). The small amount of repetition-based
facilitation that was evident in the performances of amnesic
patients was subsequently considered akin to effects of perceptual
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amnesia. (A) Left: Illustration of the mirror tracing apparatus. The paper and
the participant’s hand are blocked from view, and tracing (within the lines of
the star) is accomplished via the reflection of the image in the mirror. Right:
Performance of patient H.M. on the mirror tracing task as reported by Milner
(1962; see also Milner et al., 1998). The number of tracing errors (i.e., tracing
outside of the boundaries) declined across trials and sessions illustrating
learning and retention of this motor skill. (B) Left: Illustration of the materials
used to examine memory for primed items. Participants are presented with
increasingly complete pictures of objects across trials and are asked to name
the object, even in its degraded form. Right: Performance of amnesic
patients and controls on the picture naming task as reported by Warrington
and Weiskrantz (1968). Both groups made fewer errors (i.e., provided fewer
incorrect names, even for degraded images) when the picture set was

presented repeatedly across several trials and sessions illustrating a
reprocessing or priming effect. (C) Left: Illustration of word triplets used in
the mirror-reading task. Some of these triplets were seen just once,
others were repeated several times during testing. Participants were
to read each triplet as quickly as possible when it was presented. Right:
Performance of amnesics and controls on the mirror reading task
reported by Cohen and Squire (1980). Mean reading times of patients and
controls decreased consistently across several days of testing providing
evidence for intact perceptual skill learning in amnesia. Patients did not
benefit as much as controls from repeated presentations of the same
triplets. [Figure 1A, right, reprinted with permission from Elsevier; Figure 1B,
right, reprinted by permission from Macmillan Publishers Ltd;
http://www.nature.com/; Figure 1C, right, reprinted with permission from
AAAS; http://www.aaas.org/].

orient participants to the stem-completion requirement, the task
is “treated more as a ‘guessing game’ than a formal test of mem-
ory” (Warrington and Weiskrantz, 1968; p. 974), and amnesic
patients perform much like controls. In contrast, when instruc-
tions reference prior experience, as in cued recall or recognition,
learning effects observed in amnesia are much reduced (e.g.,
Warrington and Weiskrantz, 1968; Squire et al., 1978).

Following on the heels of these reports, intact performances on
cognitive (e.g., Tower of Hanoi; see Cohen, 1984) and perceptual

skill learning tasks were also observed (Cohen and Squire, 1980).
In one of these experiments (Cohen and Squire, 1980), amnesic
patients acquired a pattern analyzing skill (i.e. reading mirror
reversed text) as quickly as a control group, but failed to show
the normal amount of additional facilitation to a subset of word
triplets that were presented 20 times over the course of the exper-
iment (see Figure 1C). The small amount of repetition-based
facilitation that was evident in the performances of amnesic
patients was subsequently considered akin to effects of perceptual
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FIGURE 1 | Classic evidence for intact unconscious memory following
amnesia. (A) Left: Illustration of the mirror tracing apparatus. The paper and
the participant’s hand are blocked from view, and tracing (within the lines of
the star) is accomplished via the reflection of the image in the mirror. Right:
Performance of patient H.M. on the mirror tracing task as reported by Milner
(1962; see also Milner et al., 1998). The number of tracing errors (i.e., tracing
outside of the boundaries) declined across trials and sessions illustrating
learning and retention of this motor skill. (B) Left: Illustration of the materials
used to examine memory for primed items. Participants are presented with
increasingly complete pictures of objects across trials and are asked to name
the object, even in its degraded form. Right: Performance of amnesic
patients and controls on the picture naming task as reported by Warrington
and Weiskrantz (1968). Both groups made fewer errors (i.e., provided fewer
incorrect names, even for degraded images) when the picture set was

presented repeatedly across several trials and sessions illustrating a
reprocessing or priming effect. (C) Left: Illustration of word triplets used in
the mirror-reading task. Some of these triplets were seen just once,
others were repeated several times during testing. Participants were
to read each triplet as quickly as possible when it was presented. Right:
Performance of amnesics and controls on the mirror reading task
reported by Cohen and Squire (1980). Mean reading times of patients and
controls decreased consistently across several days of testing providing
evidence for intact perceptual skill learning in amnesia. Patients did not
benefit as much as controls from repeated presentations of the same
triplets. [Figure 1A, right, reprinted with permission from Elsevier; Figure 1B,
right, reprinted by permission from Macmillan Publishers Ltd;
http://www.nature.com/; Figure 1C, right, reprinted with permission from
AAAS; http://www.aaas.org/].

orient participants to the stem-completion requirement, the task
is “treated more as a ‘guessing game’ than a formal test of mem-
ory” (Warrington and Weiskrantz, 1968; p. 974), and amnesic
patients perform much like controls. In contrast, when instruc-
tions reference prior experience, as in cued recall or recognition,
learning effects observed in amnesia are much reduced (e.g.,
Warrington and Weiskrantz, 1968; Squire et al., 1978).

Following on the heels of these reports, intact performances on
cognitive (e.g., Tower of Hanoi; see Cohen, 1984) and perceptual

skill learning tasks were also observed (Cohen and Squire, 1980).
In one of these experiments (Cohen and Squire, 1980), amnesic
patients acquired a pattern analyzing skill (i.e. reading mirror
reversed text) as quickly as a control group, but failed to show
the normal amount of additional facilitation to a subset of word
triplets that were presented 20 times over the course of the exper-
iment (see Figure 1C). The small amount of repetition-based
facilitation that was evident in the performances of amnesic
patients was subsequently considered akin to effects of perceptual
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FIGURE 1 | Classic evidence for intact unconscious memory following
amnesia. (A) Left: Illustration of the mirror tracing apparatus. The paper and
the participant’s hand are blocked from view, and tracing (within the lines of
the star) is accomplished via the reflection of the image in the mirror. Right:
Performance of patient H.M. on the mirror tracing task as reported by Milner
(1962; see also Milner et al., 1998). The number of tracing errors (i.e., tracing
outside of the boundaries) declined across trials and sessions illustrating
learning and retention of this motor skill. (B) Left: Illustration of the materials
used to examine memory for primed items. Participants are presented with
increasingly complete pictures of objects across trials and are asked to name
the object, even in its degraded form. Right: Performance of amnesic
patients and controls on the picture naming task as reported by Warrington
and Weiskrantz (1968). Both groups made fewer errors (i.e., provided fewer
incorrect names, even for degraded images) when the picture set was

presented repeatedly across several trials and sessions illustrating a
reprocessing or priming effect. (C) Left: Illustration of word triplets used in
the mirror-reading task. Some of these triplets were seen just once,
others were repeated several times during testing. Participants were
to read each triplet as quickly as possible when it was presented. Right:
Performance of amnesics and controls on the mirror reading task
reported by Cohen and Squire (1980). Mean reading times of patients and
controls decreased consistently across several days of testing providing
evidence for intact perceptual skill learning in amnesia. Patients did not
benefit as much as controls from repeated presentations of the same
triplets. [Figure 1A, right, reprinted with permission from Elsevier; Figure 1B,
right, reprinted by permission from Macmillan Publishers Ltd;
http://www.nature.com/; Figure 1C, right, reprinted with permission from
AAAS; http://www.aaas.org/].

orient participants to the stem-completion requirement, the task
is “treated more as a ‘guessing game’ than a formal test of mem-
ory” (Warrington and Weiskrantz, 1968; p. 974), and amnesic
patients perform much like controls. In contrast, when instruc-
tions reference prior experience, as in cued recall or recognition,
learning effects observed in amnesia are much reduced (e.g.,
Warrington and Weiskrantz, 1968; Squire et al., 1978).

Following on the heels of these reports, intact performances on
cognitive (e.g., Tower of Hanoi; see Cohen, 1984) and perceptual

skill learning tasks were also observed (Cohen and Squire, 1980).
In one of these experiments (Cohen and Squire, 1980), amnesic
patients acquired a pattern analyzing skill (i.e. reading mirror
reversed text) as quickly as a control group, but failed to show
the normal amount of additional facilitation to a subset of word
triplets that were presented 20 times over the course of the exper-
iment (see Figure 1C). The small amount of repetition-based
facilitation that was evident in the performances of amnesic
patients was subsequently considered akin to effects of perceptual
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FIGURE 1 | Classic evidence for intact unconscious memory following
amnesia. (A) Left: Illustration of the mirror tracing apparatus. The paper and
the participant’s hand are blocked from view, and tracing (within the lines of
the star) is accomplished via the reflection of the image in the mirror. Right:
Performance of patient H.M. on the mirror tracing task as reported by Milner
(1962; see also Milner et al., 1998). The number of tracing errors (i.e., tracing
outside of the boundaries) declined across trials and sessions illustrating
learning and retention of this motor skill. (B) Left: Illustration of the materials
used to examine memory for primed items. Participants are presented with
increasingly complete pictures of objects across trials and are asked to name
the object, even in its degraded form. Right: Performance of amnesic
patients and controls on the picture naming task as reported by Warrington
and Weiskrantz (1968). Both groups made fewer errors (i.e., provided fewer
incorrect names, even for degraded images) when the picture set was

presented repeatedly across several trials and sessions illustrating a
reprocessing or priming effect. (C) Left: Illustration of word triplets used in
the mirror-reading task. Some of these triplets were seen just once,
others were repeated several times during testing. Participants were
to read each triplet as quickly as possible when it was presented. Right:
Performance of amnesics and controls on the mirror reading task
reported by Cohen and Squire (1980). Mean reading times of patients and
controls decreased consistently across several days of testing providing
evidence for intact perceptual skill learning in amnesia. Patients did not
benefit as much as controls from repeated presentations of the same
triplets. [Figure 1A, right, reprinted with permission from Elsevier; Figure 1B,
right, reprinted by permission from Macmillan Publishers Ltd;
http://www.nature.com/; Figure 1C, right, reprinted with permission from
AAAS; http://www.aaas.org/].

orient participants to the stem-completion requirement, the task
is “treated more as a ‘guessing game’ than a formal test of mem-
ory” (Warrington and Weiskrantz, 1968; p. 974), and amnesic
patients perform much like controls. In contrast, when instruc-
tions reference prior experience, as in cued recall or recognition,
learning effects observed in amnesia are much reduced (e.g.,
Warrington and Weiskrantz, 1968; Squire et al., 1978).

Following on the heels of these reports, intact performances on
cognitive (e.g., Tower of Hanoi; see Cohen, 1984) and perceptual

skill learning tasks were also observed (Cohen and Squire, 1980).
In one of these experiments (Cohen and Squire, 1980), amnesic
patients acquired a pattern analyzing skill (i.e. reading mirror
reversed text) as quickly as a control group, but failed to show
the normal amount of additional facilitation to a subset of word
triplets that were presented 20 times over the course of the exper-
iment (see Figure 1C). The small amount of repetition-based
facilitation that was evident in the performances of amnesic
patients was subsequently considered akin to effects of perceptual
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Memory systems

• Impairment of declarative memory acquisition


• Intact non-declarative memory
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Memory: a storehouse of images?

• “the power to revive again in our minds those ideas, which after imprinting 
have disappeared, or have been laid aside out of sight…This is memory, 
which is as it were the storehouse of our ideas.” (Locke 1690)


• “Human memory is a system for storing and retrieving information, 
information that is, of course, acquired through our senses.” (Baddeley 1997)
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Neuroimaging
Mullally and Maguire 7

Figure 5. The episodic memory network. Significant peaks of activity from a meta-analysis of 24 neuroimaging studies of 
autobiographical memory (from Svoboda and others 2006). The classic “core” episodic memory network can be seen in red and 
includes the hippocampus bilaterally, parahippocampal gyrus, retrosplenial, posterior cingulate and posterior parietal cortices, 
and medial prefrontal cortex. Activations in core, secondary and infrequently reported regions are depicted across right and left, 
lateral, medial, and subcortical planes. Reprinted with permission from Elsevier.
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Schacter et al.: Episodic Simulation of Future Events 45

FIGURE 1. Regions making up the core network supporting the simulation of events are highlighted in blue, including
medial prefrontal cortex, medial temporal lobe, retrosplenial/posterior cingulate cortex, and inferior parietal lobule. The
regions making up this core network have been shown to functionally correlate with each other, and in particular, the
hippocampus. Peak voxels from relevant contrasts in neuroimaging studies of past and future events (Addis et al. 2007;
Okuda et al. 2003; Szpunar et al. 2007) are overlaid on the schematic of the core network. Included are peak voxels that
exhibited (1) common responses to past and future events and (2) differential responses to future events relative to past
events.

the past. Okuda et al. (2003) reported greater activity
in frontopolar and medial temporal regions during fu-
ture than past conditions. Szpunar et al. (2007) re-
ported several regions that were significantly more ac-
tive for future relative to past events, but not vice versa.
Addis et al. (2007) found that during the early construc-
tion phase of future simulation, several regions showed
greater activity for future versus past events (but not
the reverse), including frontopolar cortex.

How can we interpret these findings? Szpunar et al.
(2007) suggested that this pattern could reflect a more
active type of imagery processing required by future
than past events. Addis et al. (2007) hypothesized that
the pattern reveals the more intensive constructive pro-
cesses required by imagining future events relative to
retrieving past events. While both past and future event
tasks require the retrieval of information from mem-
ory, thus engaging common memory networks, only
the future task requires that event details gleaned from
various past events be flexibly recombined into a novel
future event, perhaps resulting in increased activity
during such tasks.

Note also that Botzung et al. (in press) found no ev-
idence for future greater than past activation in any

region; in fact, they found that three regions of interest
(right and left hippocampus and anterior medial pre-
frontal cortex) showed the opposite pattern. However,
as noted earlier, in the Botzung et al. study—unlike
those of Addis et al., Okuda et al., and Szpunar et al.—
subjects initially carried out their simulations of future
events in a separate session prior to scanning. During
scanning, subjects may have recalled their prior simu-
lation, rather than constructing it for the first time, as
subjects did in earlier studies. Botzung et al. attempted
to address this issue by asking subjects whether they
produced the original past or future event during scan-
ning, or the descriptions of those events from the pres-
can interview; they excluded those trials where subjects
stated that they produced an event from the prescan
interview. Nonetheless, since subjects had previously
encoded their future-event simulation, rather than con-
structing it during scanning as in previous studies, there
may have been less recruitment of processes involved
in recombining details from past experiences. If so, it
is perhaps not surprising that they failed to observe the
neural correlates of such processes, that is, greater ac-
tivity for future than past events. Indeed, in an earlier
electrophysiological study of memory for previously
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FIGURE 1. Regions making up the core network supporting the simulation of events are highlighted in blue, including
medial prefrontal cortex, medial temporal lobe, retrosplenial/posterior cingulate cortex, and inferior parietal lobule. The
regions making up this core network have been shown to functionally correlate with each other, and in particular, the
hippocampus. Peak voxels from relevant contrasts in neuroimaging studies of past and future events (Addis et al. 2007;
Okuda et al. 2003; Szpunar et al. 2007) are overlaid on the schematic of the core network. Included are peak voxels that
exhibited (1) common responses to past and future events and (2) differential responses to future events relative to past
events.

the past. Okuda et al. (2003) reported greater activity
in frontopolar and medial temporal regions during fu-
ture than past conditions. Szpunar et al. (2007) re-
ported several regions that were significantly more ac-
tive for future relative to past events, but not vice versa.
Addis et al. (2007) found that during the early construc-
tion phase of future simulation, several regions showed
greater activity for future versus past events (but not
the reverse), including frontopolar cortex.

How can we interpret these findings? Szpunar et al.
(2007) suggested that this pattern could reflect a more
active type of imagery processing required by future
than past events. Addis et al. (2007) hypothesized that
the pattern reveals the more intensive constructive pro-
cesses required by imagining future events relative to
retrieving past events. While both past and future event
tasks require the retrieval of information from mem-
ory, thus engaging common memory networks, only
the future task requires that event details gleaned from
various past events be flexibly recombined into a novel
future event, perhaps resulting in increased activity
during such tasks.

Note also that Botzung et al. (in press) found no ev-
idence for future greater than past activation in any

region; in fact, they found that three regions of interest
(right and left hippocampus and anterior medial pre-
frontal cortex) showed the opposite pattern. However,
as noted earlier, in the Botzung et al. study—unlike
those of Addis et al., Okuda et al., and Szpunar et al.—
subjects initially carried out their simulations of future
events in a separate session prior to scanning. During
scanning, subjects may have recalled their prior simu-
lation, rather than constructing it for the first time, as
subjects did in earlier studies. Botzung et al. attempted
to address this issue by asking subjects whether they
produced the original past or future event during scan-
ning, or the descriptions of those events from the pres-
can interview; they excluded those trials where subjects
stated that they produced an event from the prescan
interview. Nonetheless, since subjects had previously
encoded their future-event simulation, rather than con-
structing it during scanning as in previous studies, there
may have been less recruitment of processes involved
in recombining details from past experiences. If so, it
is perhaps not surprising that they failed to observe the
neural correlates of such processes, that is, greater ac-
tivity for future than past events. Indeed, in an earlier
electrophysiological study of memory for previously
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Measuring autobiographical memory

• Many approaches to measuring AM


• Autobiographical Interview: semi structured interview


• by life epochs


• elicit temporally-specific, personally-experienced event


• probe for specific details about memory (percepts, emotions, etc)


• transcribe


• rate ‘internal’ vs ‘external’ details
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Fig. 1. Total number of details generated by K.C. and controls for internal (top row), external (middle row), and ratings (bottom row) categories across five imagined life
periods when freely generated (left column) and when specific probes were made available (right column). Error bars indicate standard error of the mean for the control
group.

for more than a few hours and were asked to imagine that they were personally
experiencing the event at a specific time and place as they provided the description.
The narratives were recorded verbatim and later transcribed for scoring purposes.
Following the free generation condition, predetermined cues were used to gauge
the limits of detail generation by providing additional structure. Task instructions
remained in full view throughout the session, and reminders in the form of excerpts
from K.C.’s own constructions were provided when needed to ensure that his antero-
grade memory deficit was not affecting his ability to remain on track while telling
a fictional story. At the end of the interview, participants and their family members
were questioned to further ensure that specific details of the constructed events did
not resemble ones that had been experienced in the past.

Scoring was conducted by two independent raters who were highly trained on
the Autobiographical Interview and blind to group assignment. Fictional details
contained within the resulting narratives were first characterized as internal
(episodic-like) or external (mostly semantic-like or schematic). Internal details were
then categorized as central to the main event or as temporal, spatial, perceptual, or

emotional. External details were categorized as tangential/unrelated to the main
event, semantic-like, repetitions, or metacognitive/editorializing. The number of
details in each category was counted. Complementary qualitative ratings were also
assigned to each of the internal detail categories, with the possibility of attaining
a maximum of 3 points for each category except for detail richness, which was
extended to 6 points to capture better the overall experiential nature of the narra-
tives (i.e., overall maximum = 18 points). Quantitative and qualitative analyses were
included in order to account for the possibility that two narratives that otherwise
appear to be equally rich based on qualitative criteria may differ, nonetheless, on the
number and type of details provided. Only a few minor discrepancies were noted
between the raters, and these were resolved by discussion.

1.2.2. Results
K.C. was unable to generate a single detail unless supplied with a list of topics

and a feasible introductory sentence. Similar to the results from the Autobiograph-
ical Interview (for comparison, see Rosenbaum, McKinnon, Levine, & Moscovitch,

Fig. 2. Representative sample of a fictional event freely generated by K.C. (top) and by a control (bottom) in response to the childhood life period.

Medial Temporal Lobe Amnesia

Rosenbaum et al Neuropsychologia  (2009)
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Fig. 1. Total number of details generated by K.C. and controls for internal (top row), external (middle row), and ratings (bottom row) categories across five imagined life
periods when freely generated (left column) and when specific probes were made available (right column). Error bars indicate standard error of the mean for the control
group.

for more than a few hours and were asked to imagine that they were personally
experiencing the event at a specific time and place as they provided the description.
The narratives were recorded verbatim and later transcribed for scoring purposes.
Following the free generation condition, predetermined cues were used to gauge
the limits of detail generation by providing additional structure. Task instructions
remained in full view throughout the session, and reminders in the form of excerpts
from K.C.’s own constructions were provided when needed to ensure that his antero-
grade memory deficit was not affecting his ability to remain on track while telling
a fictional story. At the end of the interview, participants and their family members
were questioned to further ensure that specific details of the constructed events did
not resemble ones that had been experienced in the past.

Scoring was conducted by two independent raters who were highly trained on
the Autobiographical Interview and blind to group assignment. Fictional details
contained within the resulting narratives were first characterized as internal
(episodic-like) or external (mostly semantic-like or schematic). Internal details were
then categorized as central to the main event or as temporal, spatial, perceptual, or

emotional. External details were categorized as tangential/unrelated to the main
event, semantic-like, repetitions, or metacognitive/editorializing. The number of
details in each category was counted. Complementary qualitative ratings were also
assigned to each of the internal detail categories, with the possibility of attaining
a maximum of 3 points for each category except for detail richness, which was
extended to 6 points to capture better the overall experiential nature of the narra-
tives (i.e., overall maximum = 18 points). Quantitative and qualitative analyses were
included in order to account for the possibility that two narratives that otherwise
appear to be equally rich based on qualitative criteria may differ, nonetheless, on the
number and type of details provided. Only a few minor discrepancies were noted
between the raters, and these were resolved by discussion.

1.2.2. Results
K.C. was unable to generate a single detail unless supplied with a list of topics

and a feasible introductory sentence. Similar to the results from the Autobiograph-
ical Interview (for comparison, see Rosenbaum, McKinnon, Levine, & Moscovitch,

Fig. 2. Representative sample of a fictional event freely generated by K.C. (top) and by a control (bottom) in response to the childhood life period.
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for external details from 6.23 to 0.59, while it increased the esti-
mated group difference for internal details from 18.95 to 20.90.
Indeed, Bonferroni post hoc tests indicate this interaction reflects
a significant group difference for internal (p < .001) but not exter-
nal (p = .95) detail. This pattern suggests that including gender and
fluency covariates controls for the higher production of external
details in healthy controls relative to AD patients, making this group
difference less significant. In contrast, the significant group differ-
ence for internal details is not affected by the covariates. Overall,
these results indicate that there is a significant deficit in generating
internal, but not external, details for both past and future events
even when group differences in phonemic fluency are accounted
for.

Correlations between past and future AI scores were computed
across all subjects. To control for overall level of cognitive decline,
performance on the MMSE was partialled from all correlations. We
replicated previous findings of strong correlations between past
and future internal (r = .60, p < .001) and external (r = .64, p < .001)
scores (Fig. 3). In contrast, past internal and external scores were
uncorrelated (r = −.13, p = .25) as were future internal and external
scores (r = −.24, p = .10). Partial correlations, controlling not only for
MMSE but also phonemic (FAS) fluency, semantic (category) fluency
and gender, were computed. Overall, the pattern of correlations did
not change. Past and future internal (r = .62, p < .001) and external
(r = .61, p < .001) scores were again strongly correlated. Past inter-
nal and external scores remained uncorrelated (r = −.20, p = .15),
though the correlation between future internal and external scores
approached significance (r = −.30, p = .06).

A possible concern, at least in the AD group, is that confabula-
tion of past events underlies the strong correspondence between
past and future events: if patients were actually fabricating ‘mem-
ories’ of past events, then they would have been imagining events
in both the past and future conditions. However, as noted earlier,
the verification of past events generated by AD patients indicates
that confabulation is almost non-existent in this group of mild AD
patients. Moreover, it is notable that the correlations between past
and future events are evident not only in AD patients but also
healthy control participants, who are very unlikely to confabulate.

2.5. Adapted Autobiographical Interview–Remote Events

In order to analyze remote memory across the lifespan, we
conducted a 5 (Lifetime Period: Childhood, Teenage Years, Early
Adulthood, Middle Adulthood, Recent Adulthood) × 2 (Detail: Inter-
nal, External) × 2 (Group: Control, AD) mixed factorial ANOVA with
repeated factors of Lifetime Period and Detail and between factor of
Group. The only significant effect was that of Group, F(1,30) = 7.90,
p < .01 (see Fig. 4). Although subjects generated more external
(M = 35.62) than internal (M = 29.64) details overall, this effect of
Detail did not reach significance, F(1,30) = 2.99, p = .09. Similarly,
although the mean difference between the control and AD group
was more pronounced for internal (mean difference = 16.00) than
external (mean difference = 3.36), the interaction of Detail and
Group failed to reach significance, F(1,30) = 3.34, p = .08. The effect
of life-time period approached significance, F(2.93,87.10) = 2.30,
p = .08, and although it appeared that only the control group exhib-
ited a ‘reminiscence bump’ – enhanced recall of events from
teenager and early adult years – the interaction of Group and Life-
time Period failed to reach significance, F(2.93,87.10) = 2.38, p = .08.

We also conducted a 5 (Lifetime Period: Childhood, Teenage
Years, Early Adulthood, Middle Adulthood, Recent Adulthood) × 2
(Detail: Internal, External) × 2 (Group: Control, AD) mixed facto-
rial ANCOVA with repeated factors of Lifetime Period and Detail,
between factor of Group, and three covariates (FAS, Category
Fluency and Gender). Controlling for fluency ability and gender
resulted in the elimination of the main effect of Group, F(1,27) = 1.18,

Fig. 4. Mean number of internal (top panel) and external (bottom panel) details
generated for remote past events by patients with AD and healthy older controls.
Five lifetime periods were assessed: early childhood, up to 10 years old; teenage
years, 11–18 years old; early adulthood, 19–35 years old; middle adulthood, 36–55
years old; recent adulthood, 55–65 years old. Error bars represent standard errors
of the means.

p = .29. Indeed, including the covariates brought the estimated
marginal group means closer together, by slightly reducing the con-
trol group (from 37.47 to 35.29) and slightly increasing the AD group
mean (from 27.79 to 29.97). Moreover, including covariates also
reduced the significance of any effects related to Detail or Lifetime
Period. Thus, the trends evident for the main effect of Detail, Life-
time Period, the interaction of Detail and Group and the interaction
of Lifetime Period and Group were no longer evident (p values > .33).
As was evident for the Past–Future AI analysis, it was the phone-
mic (FAS) fluency covariate that was the most influential covariate,
F(1,27) = 4.18, p = .05; semantic (Category) fluency, F(1,27) = 0.001,
p = .97, and gender, F(1,27) = 0.53, p = .47, explained little variance.
These results suggest that for remote memory, the group difference
in the ability to generate internal and external details is, at least in
part, related to differences in phonemic fluency.

Correlations between remote AI scores and past–future AI scores
were computed across all subjects, controlling for MMSE. This anal-
ysis revealed strong correlations between remote and past scores
for internal (r = .61, p < .001) and external (r = .52, p = .004) details.
A similar correlation was evident for remote and future external
details (r = .69, p < .001) but it did not reach significance for inter-
nal details (r = .35, p = .07). We also conducted partial correlations,
controlling not only for MMSE but also phonemic (FAS) fluency,
semantic (category) fluency and gender. Overall, the pattern of
correlations did not change. The magnitude of the correlations
between remote and past scores for internal (r = .54, p = .001) and
external (r = .45, p = .01) details were slightly reduced but remained
significant. The correlation between remote and future external
details remained significant (r = .67, p < .001), and the trend for a
significant correlation of remote and future internal details further

Mild Alzheimer’s disease

Addis et al Neuropsychologia  (2009)

Rosenbaum et al Neuropsychologia  (2009)
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were more accurate than patients at the dead-or-alive

[t(24) = 2.42, P = 0.02] and cause of death judgements

[t(24) = 2.63, P = 0.015]. There was a trend for controls to date

the cause of death more accurately than patients, although this

missed significance [t(24) = 2.01, P = 0.055].

Famous people were grouped according to the decade in which

they died to provide a fine-grained assessment of the effect of

time on performance. For the dead-or-alive judgement (Fig. 5A),

an ANOVA (Time ! Group) revealed a significant effect of Time

[F(4,96) = 14.61, P50.001]; the effect of Group narrowly missed

significance [F(1,24) = 3.93, P = 0.059]. There was an interaction

between Time and Group [F(4,96) = 2.92, P = 0.025]. Pairwise

comparisons assessing this interaction showed that participants

were impaired relative to controls for the 1990s and 2000s

(P50.02), but not for the 1960s, 1970s and 1980s (P40 .25).

For the cause of death judgement (Fig. 5B), there was a signifi-

cant effect of Time [F(4,96) = 6.90, P5 0.001] and Group

[F(1,24) = 5.79, P = 0.02]. The interaction between Time and

Group was significant [F(4,96) = 2.97, P = 0.02]. Comparisons re-

vealed patients were impaired for the 1990s and 2000s (P50.02)

but not for the 1960s, 1970s and 1980s (P40.2).

Analysis of the decade of death judgement (Fig. 5C) yielded an

effect of Time [F(4,96) = 6.40, P50.001] and a non-significant

trend for controls to score higher than patients [F(1,24) = 3.10,

P = 0.09]. There was a significant interaction between Time and

Group [F(4,96) = 3.88, P50.01] with patients impaired for the

1980s and 2000s (P50.05), but not for the 1960s, 1970s and

1990’s (P40.2).

Famous Events Test

Mean performance is displayed in Table 4. There was no differ-

ence between patients and controls in the recognition of famous

events [Correct Hits—False Positives; t(24) = 0.72, P = 0.48],

naming the decade in which the event occurred [t(24) = 0.69,

C

0

5

10

15

20

25

30

35

Internal sub-category

M
ea

n 
de

ta
ils

***

*

***

***

**

0

5

10

15

20

Ev Tm Pl Prc T/Em

M
ea

n 
ra

tin
g

*** ***
** *

** *

**

0

10

20

30

40

50

60

70

80

90

Time period

M
ea

n 
de

ta
ils

*** ***

***

***

**

0

10

20

30

40

50

60

70

80

90

100

Child Youth Young
adult

Middle age Recent

Time period

Child Youth Young
adult

Middle age Recent

Time period

Child Youth Young
adult

Middle age Recent

M
ea

n 
de

ta
ils

*
*

B

D

A

Patients Controls

Figure 2 (A) Mean number of internal details recalled for each time period after specific probe; (B) mean number of external details
recalled for each time period after specific probe; (C) mean number of details recalled per event for each internal sub-category after
specific probe; and (D) mean rating (out of 21) for each time period after specific probe. *P50.05; **P50.01; ***P50.005.
Ev = Event, Tm = Time, Pl = Place, Prc = Perceptual, T/Em = Thought/Emotion.

1374 | Brain 2010: 133; 1368–1379 F. Milton et al.

 at R
adcliffe Science Library, Bodleian Library on M

ay 4, 2010 
http://brain.oxfordjournals.org

D
ow

nloaded from
 Milton et al Brain (2012)

Transient epileptic amnesia

R.S. Rosenbaum et al. / Neuropsychologia 47 (2009) 2181–2187 2183

Fig. 1. Total number of details generated by K.C. and controls for internal (top row), external (middle row), and ratings (bottom row) categories across five imagined life
periods when freely generated (left column) and when specific probes were made available (right column). Error bars indicate standard error of the mean for the control
group.

for more than a few hours and were asked to imagine that they were personally
experiencing the event at a specific time and place as they provided the description.
The narratives were recorded verbatim and later transcribed for scoring purposes.
Following the free generation condition, predetermined cues were used to gauge
the limits of detail generation by providing additional structure. Task instructions
remained in full view throughout the session, and reminders in the form of excerpts
from K.C.’s own constructions were provided when needed to ensure that his antero-
grade memory deficit was not affecting his ability to remain on track while telling
a fictional story. At the end of the interview, participants and their family members
were questioned to further ensure that specific details of the constructed events did
not resemble ones that had been experienced in the past.

Scoring was conducted by two independent raters who were highly trained on
the Autobiographical Interview and blind to group assignment. Fictional details
contained within the resulting narratives were first characterized as internal
(episodic-like) or external (mostly semantic-like or schematic). Internal details were
then categorized as central to the main event or as temporal, spatial, perceptual, or

emotional. External details were categorized as tangential/unrelated to the main
event, semantic-like, repetitions, or metacognitive/editorializing. The number of
details in each category was counted. Complementary qualitative ratings were also
assigned to each of the internal detail categories, with the possibility of attaining
a maximum of 3 points for each category except for detail richness, which was
extended to 6 points to capture better the overall experiential nature of the narra-
tives (i.e., overall maximum = 18 points). Quantitative and qualitative analyses were
included in order to account for the possibility that two narratives that otherwise
appear to be equally rich based on qualitative criteria may differ, nonetheless, on the
number and type of details provided. Only a few minor discrepancies were noted
between the raters, and these were resolved by discussion.

1.2.2. Results
K.C. was unable to generate a single detail unless supplied with a list of topics

and a feasible introductory sentence. Similar to the results from the Autobiograph-
ical Interview (for comparison, see Rosenbaum, McKinnon, Levine, & Moscovitch,

Fig. 2. Representative sample of a fictional event freely generated by K.C. (top) and by a control (bottom) in response to the childhood life period.
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for external details from 6.23 to 0.59, while it increased the esti-
mated group difference for internal details from 18.95 to 20.90.
Indeed, Bonferroni post hoc tests indicate this interaction reflects
a significant group difference for internal (p < .001) but not exter-
nal (p = .95) detail. This pattern suggests that including gender and
fluency covariates controls for the higher production of external
details in healthy controls relative to AD patients, making this group
difference less significant. In contrast, the significant group differ-
ence for internal details is not affected by the covariates. Overall,
these results indicate that there is a significant deficit in generating
internal, but not external, details for both past and future events
even when group differences in phonemic fluency are accounted
for.

Correlations between past and future AI scores were computed
across all subjects. To control for overall level of cognitive decline,
performance on the MMSE was partialled from all correlations. We
replicated previous findings of strong correlations between past
and future internal (r = .60, p < .001) and external (r = .64, p < .001)
scores (Fig. 3). In contrast, past internal and external scores were
uncorrelated (r = −.13, p = .25) as were future internal and external
scores (r = −.24, p = .10). Partial correlations, controlling not only for
MMSE but also phonemic (FAS) fluency, semantic (category) fluency
and gender, were computed. Overall, the pattern of correlations did
not change. Past and future internal (r = .62, p < .001) and external
(r = .61, p < .001) scores were again strongly correlated. Past inter-
nal and external scores remained uncorrelated (r = −.20, p = .15),
though the correlation between future internal and external scores
approached significance (r = −.30, p = .06).

A possible concern, at least in the AD group, is that confabula-
tion of past events underlies the strong correspondence between
past and future events: if patients were actually fabricating ‘mem-
ories’ of past events, then they would have been imagining events
in both the past and future conditions. However, as noted earlier,
the verification of past events generated by AD patients indicates
that confabulation is almost non-existent in this group of mild AD
patients. Moreover, it is notable that the correlations between past
and future events are evident not only in AD patients but also
healthy control participants, who are very unlikely to confabulate.

2.5. Adapted Autobiographical Interview–Remote Events

In order to analyze remote memory across the lifespan, we
conducted a 5 (Lifetime Period: Childhood, Teenage Years, Early
Adulthood, Middle Adulthood, Recent Adulthood) × 2 (Detail: Inter-
nal, External) × 2 (Group: Control, AD) mixed factorial ANOVA with
repeated factors of Lifetime Period and Detail and between factor of
Group. The only significant effect was that of Group, F(1,30) = 7.90,
p < .01 (see Fig. 4). Although subjects generated more external
(M = 35.62) than internal (M = 29.64) details overall, this effect of
Detail did not reach significance, F(1,30) = 2.99, p = .09. Similarly,
although the mean difference between the control and AD group
was more pronounced for internal (mean difference = 16.00) than
external (mean difference = 3.36), the interaction of Detail and
Group failed to reach significance, F(1,30) = 3.34, p = .08. The effect
of life-time period approached significance, F(2.93,87.10) = 2.30,
p = .08, and although it appeared that only the control group exhib-
ited a ‘reminiscence bump’ – enhanced recall of events from
teenager and early adult years – the interaction of Group and Life-
time Period failed to reach significance, F(2.93,87.10) = 2.38, p = .08.

We also conducted a 5 (Lifetime Period: Childhood, Teenage
Years, Early Adulthood, Middle Adulthood, Recent Adulthood) × 2
(Detail: Internal, External) × 2 (Group: Control, AD) mixed facto-
rial ANCOVA with repeated factors of Lifetime Period and Detail,
between factor of Group, and three covariates (FAS, Category
Fluency and Gender). Controlling for fluency ability and gender
resulted in the elimination of the main effect of Group, F(1,27) = 1.18,

Fig. 4. Mean number of internal (top panel) and external (bottom panel) details
generated for remote past events by patients with AD and healthy older controls.
Five lifetime periods were assessed: early childhood, up to 10 years old; teenage
years, 11–18 years old; early adulthood, 19–35 years old; middle adulthood, 36–55
years old; recent adulthood, 55–65 years old. Error bars represent standard errors
of the means.

p = .29. Indeed, including the covariates brought the estimated
marginal group means closer together, by slightly reducing the con-
trol group (from 37.47 to 35.29) and slightly increasing the AD group
mean (from 27.79 to 29.97). Moreover, including covariates also
reduced the significance of any effects related to Detail or Lifetime
Period. Thus, the trends evident for the main effect of Detail, Life-
time Period, the interaction of Detail and Group and the interaction
of Lifetime Period and Group were no longer evident (p values > .33).
As was evident for the Past–Future AI analysis, it was the phone-
mic (FAS) fluency covariate that was the most influential covariate,
F(1,27) = 4.18, p = .05; semantic (Category) fluency, F(1,27) = 0.001,
p = .97, and gender, F(1,27) = 0.53, p = .47, explained little variance.
These results suggest that for remote memory, the group difference
in the ability to generate internal and external details is, at least in
part, related to differences in phonemic fluency.

Correlations between remote AI scores and past–future AI scores
were computed across all subjects, controlling for MMSE. This anal-
ysis revealed strong correlations between remote and past scores
for internal (r = .61, p < .001) and external (r = .52, p = .004) details.
A similar correlation was evident for remote and future external
details (r = .69, p < .001) but it did not reach significance for inter-
nal details (r = .35, p = .07). We also conducted partial correlations,
controlling not only for MMSE but also phonemic (FAS) fluency,
semantic (category) fluency and gender. Overall, the pattern of
correlations did not change. The magnitude of the correlations
between remote and past scores for internal (r = .54, p = .001) and
external (r = .45, p = .01) details were slightly reduced but remained
significant. The correlation between remote and future external
details remained significant (r = .67, p < .001), and the trend for a
significant correlation of remote and future internal details further
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effect of detail category (F(4,72) ! 117.58, p " 0.001), and
follow-up pairwise analyses indicated that the event category
yielded more details than every other category (t values #
8.10, p values " 0.001). Although the extent of patients’ im-
pairment differed according to category (group $ category
interaction, F(4,18) ! 18.82, p " 0.001), follow-up analyses
indicated that patients produced fewer episodic details than controls
within each category both for past events (t values # 2.55, p values "
0.05) and future events (t values # 2.64, p values " 0.05).

Both controls and patients produced very few repetitions dur-
ing their past event narratives [mean (SD) ! 1.08 (0.49) and 0.13
(0.16), respectively] and their future event narratives [mean
(SD) ! 0.63 (0.41) and 0.10 (0.13), respectively]. When the total
number of words produced during the future/past narratives was
entered into a three-way mixed-factorial ANOVA with factors of
group, temporal direction, and temporal distance, a significant
main effect of group indicated that patients produced fewer total
words than controls (F(1,18) ! 4.50, p ! 0.05). However, this
difference in word count between groups did not differ across
future and past time periods (group $ temporal direction inter-
action, F(1,18) ! 0.72, p ! 0.41), nor across temporal distance
(group $ temporal distance interaction, F(1,18) ! 0.93, p ! 0.35).

To examine the degree to which patients’ memory and
future-thinking impairments related to hippocampal or extra-
hippocampal MTL damage, data from the patient with con-
firmed hippocampal-only damage (P05) were considered
separately. Patient P05’s performance mirrored that of the
patient group as a whole: Patient P05 produced significantly
fewer episodic details compared to controls for both past
events (11.6 details) and future events (9.0 details) (t values #
7.85, p values " 0.001; z scores # 2 SDs from the control means).
This pattern of impairment was also present across all temporal
distances (remote past, recent past, near future, far future: t val-
ues # 5.90, p values " 0.001). Because impairments were ob-
served in a patient without extensive MTL lesions, these results
suggest that damage specific to the hippocampus may be suffi-
cient to impair event construction during memory and future
thinking. Example future event narratives from P05 and a control
subject are reported in Figure 3.

To examine whether experimenter cuing affected the mag-
nitude of participants’ memory and future-thinking impair-
ments, the number of episodic details produced before the
cuing probe (pre-probe) was compared to the number of ep-
isodic details produced in total (pre-probe % post-probe)
(Fig. 4). Data were submitted to a three-way mixed-factorial
ANOVA with factors of group, temporal direction, and probe
(pre-probe details vs total details). A significant group $
probe interaction (F(1,18) ! 51.45, p " 0.001) reflected that pa-

tients’ impairment in episodic detail generation was smaller
when performance was measured before the cuing probe. How-
ever, follow-up analysis revealed that patients’ deficit in episodic
detail generation was significant even before the cuing probe for
both past events (F(1,18) ! 31.30, p " 0.001) and future events
(F(1,18) ! 24.52, p " 0.001).

Next, performance on the picture narrative task was analyzed
to measure patients’ ability to construct an extended narrative
that requires integrating information in working memory but
does not require the mental generation of descriptive elements
(e.g., relevant and coherent scene/event information). Picture
narrative data were entered into a two-way mixed-factorial
ANOVA with factors of group (patient vs control) and detail type
(episodic vs semantic). In contrast to the distinct patterns of
performance across patients and controls in the past and future
narratives, both groups produced a similar number of details for
the picture narratives (main effect of group, F(1,18) ! 0.08, p !
0.78). The majority of details produced during picture narratives
were episodic in nature (main effect of detail type, F(1,18) !
105.80, p " 0.001). Controls produced an average of 22.1 (SD !
6.9) episodic details and 1.3 (SD ! 1.6) semantic details per
narrative, and patients produced an average of 22.0 (SD ! 11.4)
episodic details and 0.2 (SD ! 0.2) semantic details per narrative.
Example picture narratives from a patient and a control subject
are reported in Figure 5B.

Figure 6 displays the mean number of episodic details pro-
duced by patients and controls within each episodic detail cate-
gory during picture narrative performance. When the data were
submitted to ANOVA with factors of group and episodic detail
category, there was a main effect of episodic detail category
(F(5,90) ! 35.23, p " 0.001) but no group $ category interaction
(F(5,18) ! 1.61, p ! 0.21). In addition, patients did not produce a

Figure 3. Representative sample of future event narratives generated by amnesic patient P05 (top) and a control subject (bottom) when instructed to imagine catching a grandchild getting into
trouble 20 years from now.

Figure 4. Mean number of episodic details generated by patients and controls before the
cuing probe (pre-probe) and in total (pre-probe % post-probe) for past and future events. Error
bars indicate SEM. *p " 0.001 compared to controls.
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up to 3 min for their narrative. Within these 3 min, participants were
allowed to continue uninterrupted until they came to a natural ending
point. Critically, the use of visually rich pictures to cue participants’
narratives in the picture condition eliminated the need to mentally gen-
erate descriptive elements (e.g., relevant and coherent scene/event infor-
mation) while retaining cognitive demands related to the narrative
nature of the task (e.g., verbal production and working memory de-
mands). This contrasts with the use of auditory/verbal cues in the future/
past conditions that do not provide relevant narrative elements to
participants. While this manipulation necessitated using different mo-
dalities of cues across conditions, it enabled the critical comparison of
narrative performance when relevant descriptive elements must be men-
tally generated (future/past conditions) to narrative performance when
descriptive elements are experimentally provided (picture condition).

Participants participated in three testing sessions, one picture narra-
tive session and two event narrative sessions, with the order of sessions
counterbalanced across participants. Within each of the event narrative
sessions, participants described both personal events and public events
occurring in each of the past and future time periods. (Data from public
events are not presented in the current paper.) Trials were blocked by
condition (personal/public events), but presentation order of conditions
was counterbalanced across sessions and participants. Similarly, within
the personal event condition, trials were blocked by temporal direction
(future, past) and temporal distance (remote/distant, recent/near). Fu-
ture events were always presented before past events to ensure that per-
formance on the future-thinking trials was not affected by performance
differences on the memory trials, but the presentation order of trials from
each temporal distance was counterbalanced across sessions and partic-
ipants. Testing sessions were digitally recorded for subsequent transcrip-
tion and scoring.

Scoring. Narratives were scored using an adapted autobiographical
interview scoring procedure (Levine et al., 2002). Each narrative was first
segmented into distinct details and then each detail was categorized as an
episodic detail, a semantic detail, an external detail, a repetition, or a
metacomment about the task. Episodic details comprised happenings
and individuals present and were further categorized as event, place,
time, perceptual, and thought/emotion details. Semantic details com-
prised general knowledge and facts, ongoing events, and extended states
of being, and were further categorized as general semantic, semantic-
autobiographical, semantic-time, and semantic-place details. External
details comprised details from incidents external to the main event being
described. The same scoring criteria were used for the future, past, and
picture conditions, with the exception that an additional episodic detail
category (object-location details) was included for the picture narrative
task in addition to the event location (place) category, as it was directly
relevant to the description of scenes. For the picture narrative task, infer-
ences about the picture were scored as external details only if they were
off topic and external to the main event being described.

For each future/past narrative, the number of details in each category
was counted for each subject and averaged across the five events in each
time period (remote past, recent past, near future, distant future). Inter-
rater reliability of scoring was established on the basis of 40 event narra-
tives scored by two raters (an equal number of future/past and patient/
control narratives were scored). Following methods used in prior studies
(Levine et al., 2002; Hassabis et al., 2007b), the primary scorer was not
blind to subject status, but the second trained scorer was blind to subject
status. Intraclass correlation analysis indicated high agreement across
scorers for future events (Cronbach’s ! ! 0.99 for total details, ! ! 0.99
for total semantic details, ! ! 0.98 for total episodic details; range !
0.83– 0.99 for each of the subcategories of episodic details) as well as high
agreement across scorers for past events (Cronbach’s ! ! 0.99 for
total details, ! ! 0.95 for total semantic details, ! ! 0.98 for total
episodic details; range ! 0.70 – 0.99 for each of the subcategories of
episodic details).

For each picture narrative, the number of details in each category was
counted and the totals were averaged across the five picture trials for each
subject. Interrater reliability of scoring was established on the basis of 10
events scored by two raters (an equal number of patient/control narra-
tives were scored). Intraclass correlation again indicated high agreement

across scorers (Cronbach’s ! ! 0.99 for total details, ! ! 0.78 for total
semantic details, ! ! 0.99 for total episodic details; range 0.72– 0.99 for
each of the subcategories of episodic details).

Results
Figure 1 presents performance on the future and past event nar-
ratives. Data for episodic and semantic details were separately
analyzed by three-way mixed-factorial ANOVAs with factors of
group (patient vs control), temporal direction (past vs future),
and temporal distance (remote/distant vs recent/near). Patients
produced fewer episodic details than controls (Fig. 1A) (F(1,18) !
44.28, p " 0.001), but both groups produced a similar number of
semantic details (Fig. 1B) (F(1,18) ! 0.98, p ! 0.33). In terms of
episodic details, participants produced a greater number of de-
tails for past than future events (main effect of temporal direc-
tion, F(1,18) ! 4.81, p ! 0.04) and for temporally close than
temporally distant events (main effect of temporal distance,
F(1,18) ! 5.33, p ! 0.03). However, the extent of patients’ impair-
ment in episodic detail generation did not differ according to
temporal direction (group # direction interaction, F(1,18) ! 1.47
p ! 0.24) or temporal distance (group # distance interaction,
F(1,18) ! 0.37, p ! 0.55), and follow-up pairwise analyses indi-
cated that patients produced fewer episodic details than controls
within each time period (t values $ 4.59, p values " 0.001). Given
that patients’ impairment in episodic detail generation did not
differ according to the temporal distance of past and future
events, subsequent analyses comparing memory and future-
thinking performance across groups collapse over temporal
distance.

Figure 2 presents the number of details produced within each
of the episodic detail categories (event, place, time, perceptual,
and thought/emotion) for past and future events. Data were sub-
mitted to a 2 # 2 # 5 mixed-factorial ANOVA with factors of
group, temporal direction, and detail category. There was a main

Figure 1. Memory and future-thinking performance. Mean number of episodic details (A)
and semantic details (B) generated by MTL patients and controls for remote past, recent past,
near future, and far future events. Error bars indicate SEM. *p " 0.001 compared to controls.

Figure 2. Mean number of episodic details generated by patients and controls in each epi-
sodic detail category for past and future events (averaged across recent/remote and near/
distant temporal distances, respectively). Detail categories are defined as follows: EV, event; PL,
place; TI, time; PE, perceptual; TE, thought/emotion. Error bars indicate SEM. *p " 0.05 com-
pared to controls.
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greater number of repetitions than controls during the picture
narrative task (t(18) ! 1.02, p ! 0.32), with both patients and
controls producing fewer than two repetitions on average per
narrative. Examination of the distribution of patients’ picture
narrative scores revealed that one patient had an episodic detail
score that was greater than 2 SDs above the patient average (P01).
However, even after excluding this participant, patients and con-
trols still produced a similar number of episodic details for pic-
ture narratives (p ! 0.89), and performance did not differ
between groups across detail categories (p ! 0.14). Patients’ pre-
served ability to construct a narrative when relevant scene and
event details are provided in a picture argues against general nar-

rative construction deficits as the mechanism underlying pa-
tients’ deficit in imagining the future.

To examine the relationship between memory, future think-
ing, and picture narrative performance, correlations between
participants’ performance across tasks were computed. Critically,
future-thinking performance (number of episodic details gener-
ated for future events) positively correlated with performance on
the memory task (number of episodic details generated for past
events) in both controls (r ! 0.75, p ! 0.005) and patients (r !
0.87, p ! 0.005) (Fig. 7A). A strong positive correlation was also
found when comparing the magnitude of patients’ impairment in
memory and future thinking when performance was calculated
as z scores (r ! 0.75, p ! 0.03). These results support the hypoth-
esis that a common MTL mechanism is critical for both episodic
memory and episodic future thinking. In contrast, future-
thinking performance did not correlate with performance on the
picture narrative task (number of episodic details generated for
picture narratives) in either controls (r ! 0.22, p ! 0.49) or
patients (r ! 0.20, p ! 0.66; excluding outlier P01) (Fig. 7B),
providing additional evidence that narrative construction ability
is not a significant predictor of memory and future-thinking
performance.

To further examine performance differences across tasks, hi-
erarchical multiple regression was performed with future-
thinking performance entered as a dependent variable and
picture narrative performance, memory performance, and group
(patients vs controls) entered as predictors. While picture narra-
tive performance was not a significant predictor of future-
thinking performance (R 2 ! 0.05, F(1,18) ! 0.89, p ! 0.35),
memory performance significantly predicted future-thinking
performance when added to the second step of the model (R 2

change ! 0.82, F(1,17) ! 103.26, p " 0.001). Further, adding
group to the third step did not improve the model’s capacity to
account for variance in future-thinking performance (R 2

change ! 0.02, F(1,16) ! 2.70, p ! 0.12), indicating that no
group-related factors beyond those accounting for variance in
memory performance account for variance in future-thinking
performance.

Discussion
The present study provides novel evidence that the MTL plays a
critical role in both reexperiencing the past and preexperiencing

Figure 5. Representative sample of a picture used for the picture narrative condition (A) and
representative sample of picture narratives generated by an amnesic patient (top) and a control
subject (bottom) when instructed to describe a story about what’s going on in the scene (B).

Figure 6. Picture narrative performance. Mean number of episodic details generated by
patients and controls during picture narratives. Detail categories are defined as follows: EV,
event; PL, place; TI, time; PE, perceptual; TE, thought/emotion; LO, object-location. Error bars
indicate SEM.

Figure 7. Scatter plots and regression lines showing significant correlations between
future-thinking performance and memory performance (number of episodic details generated
for future events vs number of episodic details generated for past events) for both controls and
patients (A) and nonsignificant correlations between future-thinking performance and picture
narrative performance (number of episodic details generated for future events vs number of
episodic details generated for picture narratives) for both controls and patients (B). Amnesic
patients are represented by circles and controls are represented by squares. The data point
representing the patient whose MTL lesion is restricted to the hippocampus (P05) is indicated by
a light gray fill in both panels. B excludes the patient with outlier performance on the picture
narrative task (P01).
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effect of detail category (F(4,72) ! 117.58, p " 0.001), and
follow-up pairwise analyses indicated that the event category
yielded more details than every other category (t values #
8.10, p values " 0.001). Although the extent of patients’ im-
pairment differed according to category (group $ category
interaction, F(4,18) ! 18.82, p " 0.001), follow-up analyses
indicated that patients produced fewer episodic details than controls
within each category both for past events (t values # 2.55, p values "
0.05) and future events (t values # 2.64, p values " 0.05).

Both controls and patients produced very few repetitions dur-
ing their past event narratives [mean (SD) ! 1.08 (0.49) and 0.13
(0.16), respectively] and their future event narratives [mean
(SD) ! 0.63 (0.41) and 0.10 (0.13), respectively]. When the total
number of words produced during the future/past narratives was
entered into a three-way mixed-factorial ANOVA with factors of
group, temporal direction, and temporal distance, a significant
main effect of group indicated that patients produced fewer total
words than controls (F(1,18) ! 4.50, p ! 0.05). However, this
difference in word count between groups did not differ across
future and past time periods (group $ temporal direction inter-
action, F(1,18) ! 0.72, p ! 0.41), nor across temporal distance
(group $ temporal distance interaction, F(1,18) ! 0.93, p ! 0.35).

To examine the degree to which patients’ memory and
future-thinking impairments related to hippocampal or extra-
hippocampal MTL damage, data from the patient with con-
firmed hippocampal-only damage (P05) were considered
separately. Patient P05’s performance mirrored that of the
patient group as a whole: Patient P05 produced significantly
fewer episodic details compared to controls for both past
events (11.6 details) and future events (9.0 details) (t values #
7.85, p values " 0.001; z scores # 2 SDs from the control means).
This pattern of impairment was also present across all temporal
distances (remote past, recent past, near future, far future: t val-
ues # 5.90, p values " 0.001). Because impairments were ob-
served in a patient without extensive MTL lesions, these results
suggest that damage specific to the hippocampus may be suffi-
cient to impair event construction during memory and future
thinking. Example future event narratives from P05 and a control
subject are reported in Figure 3.

To examine whether experimenter cuing affected the mag-
nitude of participants’ memory and future-thinking impair-
ments, the number of episodic details produced before the
cuing probe (pre-probe) was compared to the number of ep-
isodic details produced in total (pre-probe % post-probe)
(Fig. 4). Data were submitted to a three-way mixed-factorial
ANOVA with factors of group, temporal direction, and probe
(pre-probe details vs total details). A significant group $
probe interaction (F(1,18) ! 51.45, p " 0.001) reflected that pa-

tients’ impairment in episodic detail generation was smaller
when performance was measured before the cuing probe. How-
ever, follow-up analysis revealed that patients’ deficit in episodic
detail generation was significant even before the cuing probe for
both past events (F(1,18) ! 31.30, p " 0.001) and future events
(F(1,18) ! 24.52, p " 0.001).

Next, performance on the picture narrative task was analyzed
to measure patients’ ability to construct an extended narrative
that requires integrating information in working memory but
does not require the mental generation of descriptive elements
(e.g., relevant and coherent scene/event information). Picture
narrative data were entered into a two-way mixed-factorial
ANOVA with factors of group (patient vs control) and detail type
(episodic vs semantic). In contrast to the distinct patterns of
performance across patients and controls in the past and future
narratives, both groups produced a similar number of details for
the picture narratives (main effect of group, F(1,18) ! 0.08, p !
0.78). The majority of details produced during picture narratives
were episodic in nature (main effect of detail type, F(1,18) !
105.80, p " 0.001). Controls produced an average of 22.1 (SD !
6.9) episodic details and 1.3 (SD ! 1.6) semantic details per
narrative, and patients produced an average of 22.0 (SD ! 11.4)
episodic details and 0.2 (SD ! 0.2) semantic details per narrative.
Example picture narratives from a patient and a control subject
are reported in Figure 5B.

Figure 6 displays the mean number of episodic details pro-
duced by patients and controls within each episodic detail cate-
gory during picture narrative performance. When the data were
submitted to ANOVA with factors of group and episodic detail
category, there was a main effect of episodic detail category
(F(5,90) ! 35.23, p " 0.001) but no group $ category interaction
(F(5,18) ! 1.61, p ! 0.21). In addition, patients did not produce a

Figure 3. Representative sample of future event narratives generated by amnesic patient P05 (top) and a control subject (bottom) when instructed to imagine catching a grandchild getting into
trouble 20 years from now.

Figure 4. Mean number of episodic details generated by patients and controls before the
cuing probe (pre-probe) and in total (pre-probe % post-probe) for past and future events. Error
bars indicate SEM. *p " 0.001 compared to controls.
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greater number of repetitions than controls during the picture
narrative task (t(18) ! 1.02, p ! 0.32), with both patients and
controls producing fewer than two repetitions on average per
narrative. Examination of the distribution of patients’ picture
narrative scores revealed that one patient had an episodic detail
score that was greater than 2 SDs above the patient average (P01).
However, even after excluding this participant, patients and con-
trols still produced a similar number of episodic details for pic-
ture narratives (p ! 0.89), and performance did not differ
between groups across detail categories (p ! 0.14). Patients’ pre-
served ability to construct a narrative when relevant scene and
event details are provided in a picture argues against general nar-

rative construction deficits as the mechanism underlying pa-
tients’ deficit in imagining the future.

To examine the relationship between memory, future think-
ing, and picture narrative performance, correlations between
participants’ performance across tasks were computed. Critically,
future-thinking performance (number of episodic details gener-
ated for future events) positively correlated with performance on
the memory task (number of episodic details generated for past
events) in both controls (r ! 0.75, p ! 0.005) and patients (r !
0.87, p ! 0.005) (Fig. 7A). A strong positive correlation was also
found when comparing the magnitude of patients’ impairment in
memory and future thinking when performance was calculated
as z scores (r ! 0.75, p ! 0.03). These results support the hypoth-
esis that a common MTL mechanism is critical for both episodic
memory and episodic future thinking. In contrast, future-
thinking performance did not correlate with performance on the
picture narrative task (number of episodic details generated for
picture narratives) in either controls (r ! 0.22, p ! 0.49) or
patients (r ! 0.20, p ! 0.66; excluding outlier P01) (Fig. 7B),
providing additional evidence that narrative construction ability
is not a significant predictor of memory and future-thinking
performance.

To further examine performance differences across tasks, hi-
erarchical multiple regression was performed with future-
thinking performance entered as a dependent variable and
picture narrative performance, memory performance, and group
(patients vs controls) entered as predictors. While picture narra-
tive performance was not a significant predictor of future-
thinking performance (R 2 ! 0.05, F(1,18) ! 0.89, p ! 0.35),
memory performance significantly predicted future-thinking
performance when added to the second step of the model (R 2

change ! 0.82, F(1,17) ! 103.26, p " 0.001). Further, adding
group to the third step did not improve the model’s capacity to
account for variance in future-thinking performance (R 2

change ! 0.02, F(1,16) ! 2.70, p ! 0.12), indicating that no
group-related factors beyond those accounting for variance in
memory performance account for variance in future-thinking
performance.

Discussion
The present study provides novel evidence that the MTL plays a
critical role in both reexperiencing the past and preexperiencing

Figure 5. Representative sample of a picture used for the picture narrative condition (A) and
representative sample of picture narratives generated by an amnesic patient (top) and a control
subject (bottom) when instructed to describe a story about what’s going on in the scene (B).

Figure 6. Picture narrative performance. Mean number of episodic details generated by
patients and controls during picture narratives. Detail categories are defined as follows: EV,
event; PL, place; TI, time; PE, perceptual; TE, thought/emotion; LO, object-location. Error bars
indicate SEM.

Figure 7. Scatter plots and regression lines showing significant correlations between
future-thinking performance and memory performance (number of episodic details generated
for future events vs number of episodic details generated for past events) for both controls and
patients (A) and nonsignificant correlations between future-thinking performance and picture
narrative performance (number of episodic details generated for future events vs number of
episodic details generated for picture narratives) for both controls and patients (B). Amnesic
patients are represented by circles and controls are represented by squares. The data point
representing the patient whose MTL lesion is restricted to the hippocampus (P05) is indicated by
a light gray fill in both panels. B excludes the patient with outlier performance on the picture
narrative task (P01).
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greater number of repetitions than controls during the picture
narrative task (t(18) ! 1.02, p ! 0.32), with both patients and
controls producing fewer than two repetitions on average per
narrative. Examination of the distribution of patients’ picture
narrative scores revealed that one patient had an episodic detail
score that was greater than 2 SDs above the patient average (P01).
However, even after excluding this participant, patients and con-
trols still produced a similar number of episodic details for pic-
ture narratives (p ! 0.89), and performance did not differ
between groups across detail categories (p ! 0.14). Patients’ pre-
served ability to construct a narrative when relevant scene and
event details are provided in a picture argues against general nar-

rative construction deficits as the mechanism underlying pa-
tients’ deficit in imagining the future.

To examine the relationship between memory, future think-
ing, and picture narrative performance, correlations between
participants’ performance across tasks were computed. Critically,
future-thinking performance (number of episodic details gener-
ated for future events) positively correlated with performance on
the memory task (number of episodic details generated for past
events) in both controls (r ! 0.75, p ! 0.005) and patients (r !
0.87, p ! 0.005) (Fig. 7A). A strong positive correlation was also
found when comparing the magnitude of patients’ impairment in
memory and future thinking when performance was calculated
as z scores (r ! 0.75, p ! 0.03). These results support the hypoth-
esis that a common MTL mechanism is critical for both episodic
memory and episodic future thinking. In contrast, future-
thinking performance did not correlate with performance on the
picture narrative task (number of episodic details generated for
picture narratives) in either controls (r ! 0.22, p ! 0.49) or
patients (r ! 0.20, p ! 0.66; excluding outlier P01) (Fig. 7B),
providing additional evidence that narrative construction ability
is not a significant predictor of memory and future-thinking
performance.

To further examine performance differences across tasks, hi-
erarchical multiple regression was performed with future-
thinking performance entered as a dependent variable and
picture narrative performance, memory performance, and group
(patients vs controls) entered as predictors. While picture narra-
tive performance was not a significant predictor of future-
thinking performance (R 2 ! 0.05, F(1,18) ! 0.89, p ! 0.35),
memory performance significantly predicted future-thinking
performance when added to the second step of the model (R 2

change ! 0.82, F(1,17) ! 103.26, p " 0.001). Further, adding
group to the third step did not improve the model’s capacity to
account for variance in future-thinking performance (R 2

change ! 0.02, F(1,16) ! 2.70, p ! 0.12), indicating that no
group-related factors beyond those accounting for variance in
memory performance account for variance in future-thinking
performance.

Discussion
The present study provides novel evidence that the MTL plays a
critical role in both reexperiencing the past and preexperiencing

Figure 5. Representative sample of a picture used for the picture narrative condition (A) and
representative sample of picture narratives generated by an amnesic patient (top) and a control
subject (bottom) when instructed to describe a story about what’s going on in the scene (B).

Figure 6. Picture narrative performance. Mean number of episodic details generated by
patients and controls during picture narratives. Detail categories are defined as follows: EV,
event; PL, place; TI, time; PE, perceptual; TE, thought/emotion; LO, object-location. Error bars
indicate SEM.

Figure 7. Scatter plots and regression lines showing significant correlations between
future-thinking performance and memory performance (number of episodic details generated
for future events vs number of episodic details generated for past events) for both controls and
patients (A) and nonsignificant correlations between future-thinking performance and picture
narrative performance (number of episodic details generated for future events vs number of
episodic details generated for picture narratives) for both controls and patients (B). Amnesic
patients are represented by circles and controls are represented by squares. The data point
representing the patient whose MTL lesion is restricted to the hippocampus (P05) is indicated by
a light gray fill in both panels. B excludes the patient with outlier performance on the picture
narrative task (P01).
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greater number of repetitions than controls during the picture
narrative task (t(18) ! 1.02, p ! 0.32), with both patients and
controls producing fewer than two repetitions on average per
narrative. Examination of the distribution of patients’ picture
narrative scores revealed that one patient had an episodic detail
score that was greater than 2 SDs above the patient average (P01).
However, even after excluding this participant, patients and con-
trols still produced a similar number of episodic details for pic-
ture narratives (p ! 0.89), and performance did not differ
between groups across detail categories (p ! 0.14). Patients’ pre-
served ability to construct a narrative when relevant scene and
event details are provided in a picture argues against general nar-

rative construction deficits as the mechanism underlying pa-
tients’ deficit in imagining the future.

To examine the relationship between memory, future think-
ing, and picture narrative performance, correlations between
participants’ performance across tasks were computed. Critically,
future-thinking performance (number of episodic details gener-
ated for future events) positively correlated with performance on
the memory task (number of episodic details generated for past
events) in both controls (r ! 0.75, p ! 0.005) and patients (r !
0.87, p ! 0.005) (Fig. 7A). A strong positive correlation was also
found when comparing the magnitude of patients’ impairment in
memory and future thinking when performance was calculated
as z scores (r ! 0.75, p ! 0.03). These results support the hypoth-
esis that a common MTL mechanism is critical for both episodic
memory and episodic future thinking. In contrast, future-
thinking performance did not correlate with performance on the
picture narrative task (number of episodic details generated for
picture narratives) in either controls (r ! 0.22, p ! 0.49) or
patients (r ! 0.20, p ! 0.66; excluding outlier P01) (Fig. 7B),
providing additional evidence that narrative construction ability
is not a significant predictor of memory and future-thinking
performance.

To further examine performance differences across tasks, hi-
erarchical multiple regression was performed with future-
thinking performance entered as a dependent variable and
picture narrative performance, memory performance, and group
(patients vs controls) entered as predictors. While picture narra-
tive performance was not a significant predictor of future-
thinking performance (R 2 ! 0.05, F(1,18) ! 0.89, p ! 0.35),
memory performance significantly predicted future-thinking
performance when added to the second step of the model (R 2

change ! 0.82, F(1,17) ! 103.26, p " 0.001). Further, adding
group to the third step did not improve the model’s capacity to
account for variance in future-thinking performance (R 2

change ! 0.02, F(1,16) ! 2.70, p ! 0.12), indicating that no
group-related factors beyond those accounting for variance in
memory performance account for variance in future-thinking
performance.

Discussion
The present study provides novel evidence that the MTL plays a
critical role in both reexperiencing the past and preexperiencing

Figure 5. Representative sample of a picture used for the picture narrative condition (A) and
representative sample of picture narratives generated by an amnesic patient (top) and a control
subject (bottom) when instructed to describe a story about what’s going on in the scene (B).

Figure 6. Picture narrative performance. Mean number of episodic details generated by
patients and controls during picture narratives. Detail categories are defined as follows: EV,
event; PL, place; TI, time; PE, perceptual; TE, thought/emotion; LO, object-location. Error bars
indicate SEM.

Figure 7. Scatter plots and regression lines showing significant correlations between
future-thinking performance and memory performance (number of episodic details generated
for future events vs number of episodic details generated for past events) for both controls and
patients (A) and nonsignificant correlations between future-thinking performance and picture
narrative performance (number of episodic details generated for future events vs number of
episodic details generated for picture narratives) for both controls and patients (B). Amnesic
patients are represented by circles and controls are represented by squares. The data point
representing the patient whose MTL lesion is restricted to the hippocampus (P05) is indicated by
a light gray fill in both panels. B excludes the patient with outlier performance on the picture
narrative task (P01).
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greater number of repetitions than controls during the picture
narrative task (t(18) ! 1.02, p ! 0.32), with both patients and
controls producing fewer than two repetitions on average per
narrative. Examination of the distribution of patients’ picture
narrative scores revealed that one patient had an episodic detail
score that was greater than 2 SDs above the patient average (P01).
However, even after excluding this participant, patients and con-
trols still produced a similar number of episodic details for pic-
ture narratives (p ! 0.89), and performance did not differ
between groups across detail categories (p ! 0.14). Patients’ pre-
served ability to construct a narrative when relevant scene and
event details are provided in a picture argues against general nar-

rative construction deficits as the mechanism underlying pa-
tients’ deficit in imagining the future.

To examine the relationship between memory, future think-
ing, and picture narrative performance, correlations between
participants’ performance across tasks were computed. Critically,
future-thinking performance (number of episodic details gener-
ated for future events) positively correlated with performance on
the memory task (number of episodic details generated for past
events) in both controls (r ! 0.75, p ! 0.005) and patients (r !
0.87, p ! 0.005) (Fig. 7A). A strong positive correlation was also
found when comparing the magnitude of patients’ impairment in
memory and future thinking when performance was calculated
as z scores (r ! 0.75, p ! 0.03). These results support the hypoth-
esis that a common MTL mechanism is critical for both episodic
memory and episodic future thinking. In contrast, future-
thinking performance did not correlate with performance on the
picture narrative task (number of episodic details generated for
picture narratives) in either controls (r ! 0.22, p ! 0.49) or
patients (r ! 0.20, p ! 0.66; excluding outlier P01) (Fig. 7B),
providing additional evidence that narrative construction ability
is not a significant predictor of memory and future-thinking
performance.

To further examine performance differences across tasks, hi-
erarchical multiple regression was performed with future-
thinking performance entered as a dependent variable and
picture narrative performance, memory performance, and group
(patients vs controls) entered as predictors. While picture narra-
tive performance was not a significant predictor of future-
thinking performance (R 2 ! 0.05, F(1,18) ! 0.89, p ! 0.35),
memory performance significantly predicted future-thinking
performance when added to the second step of the model (R 2

change ! 0.82, F(1,17) ! 103.26, p " 0.001). Further, adding
group to the third step did not improve the model’s capacity to
account for variance in future-thinking performance (R 2

change ! 0.02, F(1,16) ! 2.70, p ! 0.12), indicating that no
group-related factors beyond those accounting for variance in
memory performance account for variance in future-thinking
performance.

Discussion
The present study provides novel evidence that the MTL plays a
critical role in both reexperiencing the past and preexperiencing

Figure 5. Representative sample of a picture used for the picture narrative condition (A) and
representative sample of picture narratives generated by an amnesic patient (top) and a control
subject (bottom) when instructed to describe a story about what’s going on in the scene (B).

Figure 6. Picture narrative performance. Mean number of episodic details generated by
patients and controls during picture narratives. Detail categories are defined as follows: EV,
event; PL, place; TI, time; PE, perceptual; TE, thought/emotion; LO, object-location. Error bars
indicate SEM.

Figure 7. Scatter plots and regression lines showing significant correlations between
future-thinking performance and memory performance (number of episodic details generated
for future events vs number of episodic details generated for past events) for both controls and
patients (A) and nonsignificant correlations between future-thinking performance and picture
narrative performance (number of episodic details generated for future events vs number of
episodic details generated for picture narratives) for both controls and patients (B). Amnesic
patients are represented by circles and controls are represented by squares. The data point
representing the patient whose MTL lesion is restricted to the hippocampus (P05) is indicated by
a light gray fill in both panels. B excludes the patient with outlier performance on the picture
narrative task (P01).
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• 7 amnesic patients: 5 MTL-only damage and 2 MTL+neocortex damage


• retell 5 fairy tales and 4 bible stories: learned long before brain injury


• measure i) recall of details ii) recall/order of thematic elements

3.2. Recall

3.2.1. Recall of details
As can be seen in Table 2, amnesic patients provided fewer

accurate details than controls [t(25)¼3.27, po .01)], but there
were no group differences in the number of inaccurate details,
repetitions, or external comments [all t'so1, d'so .29].

The average number of accurate details recalled, broken down
by detail type, is presented in Fig. 2. Because of non-homogeneity
of variance, data were subjected to logarithmic transformation
prior to analysis. Greenhouse–Geisser correction was used to
correct for violation of sphericity. A two-way mixed factorial
ANOVA with group as the between-subjects variable and type of
accurate detail (event, perceptual/description, place, time,
thought/emotion) as the within-subjects variable revealed a main
effect of group [F(1, 25)¼4.99, p¼ .035, η2¼ .17] and a main effect
of type of accurate detail [F(2.8, 70.2)¼135.74, po . 001, η2¼ .65].
The group x detail type interaction was marginal [F(2.8, 70.2)¼
2.21, p¼ .099, η2¼ .05].

The two patients with MTLþ lesions provided the lowest
number of accurate details. To evaluate whether the impairment
in the amnesic group was due solely to the inclusion of the MTLþ
patients, we performed an additional analysis comparing only
patients with MTL lesions to controls. The main effect of group was
not significant [F(1,23)¼1.86, p¼ .19, η2¼ .08], but the main effect
of detail type [F(3.1,70.8)¼139.22, po .001, η2¼ .84] was modified
by a group x detail type interaction [F(3.1,70.8)¼3.0, p¼ .034,
η2¼ .02]. Post-hoc comparisons indicated that the MTL patients
were impaired in generating event, place, and time details
[t's41.99, p'so .033, one-tailed, d's4 .99], but not perceptual or

thought/emotion details [t's o1, d'so .33]. Moreover, the two
patients with volumetrically confirmed lesions limited to the
hippocampus (H-only) performed as poorly as the remaining
MTL patients (H-only mean total details¼17.6; Hþ mean total
details¼22.1).

We used correlational analyses to determine if retrieval of
narrative details in the amnesic group was related to frontal
executive function and/or to semantic retrieval. We calculated an
executive score based on the average ranking on four measures
derived from the Wisconsin Card Sorting Test (number of cate-
gories and percent perseverative errors), the Controlled Oral Word
Association Test (total number of appropriate responses), and
Trails B (reaction time). This correlation was nonsignificant
(rho¼ .04). The correlation between semantic fluency and retrieval
of narrative details was also nonsignificant (r¼ .26, p¼ .57).

3.2.2. Recall and ordering of thematic elements
The amnesic group as a whole recalled fewer thematic ele-

ments (mean¼54.6%) than did controls [mean¼79.2%; t(25)¼
2.66, p¼ .014, d¼1.06]. However, this finding was due to the
performance of the MTLþ patients (see Fig. 3A). The performance
of the MTL patients was not significantly different from that of
controls [t(23)¼1.46, ns, d¼ .61]. Follow-up analyses using a
modified t-test for single cases (Crawford & Howell, 1998) for
each of the MTL patients indicated that there was no evidence for
reduced recall of thematic elements in any of these patients
[t'so1.59, p's4 .12, d'so .73]. By contrast, each of the two MTLþ
patients had lower recall of thematic elements than controls
[t's42.38, p's o .01, d's41.09].

The order score for the amnesic group was significantly higher
than that for the control group [t(25)¼2.47, p¼ .021, d¼ .99],
indicative of worse sequential ordering of thematic elements. This
pattern was again due to the performance of the MTLþ patients
(see Fig. 3B). MTL patients as a group scored no differently than
controls (mean¼ .12, to1, d¼ .32). Follow-up analyses using a
modified t-test for single cases (Crawford & Howell, 1998) indi-
cated that both MTLþ patients had higher (i.e. worse) order scores
than controls [t's43.03, p'so .01, d's41.54]. Four of the 5 MTL
patients scored no differently than controls (t'so1, d'so .24),
whereas one scored worse5 [t(19)¼3.19, po .01, d¼1.46].

3.3. Recognition

Preliminary analysis revealed no difference between the two
types of false details, and therefore, data from these two condi-
tions were combined for subsequent analyses. The percentage of
hits and false alarms for each group is presented in Table 3.
Response accuracy (hits–false alarms) was marginally lower in the
amnesic group (mean¼49.5%) than in the control group
[mean¼64.5%, t(25)¼1.96; p¼ .06, d¼ .78], but this effect was
again due to the performance of the MTLþ patients
(mean¼21.4%). MTL patients as a group performed no differently
than controls (mean¼60.8%, to1, d¼ .26). Follow-up analyses
using a modified t-test for single cases (Crawford & Howell,
1998) indicated that there was no evidence for impaired recogni-
tion in any of the MTL patients [t'so1.05, p's4 .30, d'so .48].
However, the two MTLþ patients performed more poorly than
controls [t's42.37, p'so .01, d's41.09].

Table 2
Mean number (and SEM) of accurate details, false details, repetitions, and external
comments generated by controls and amnesic patients.

Accurate False Repetition Other

Controls 40.18 (6.58) 2.34 (.48) 2.00 (.45) 6.68 (1.13)
Amnesics 16.32 (3.14) 1.64 (.51) 2.79 (2.22) 7.15 (3.06)
MTL 20.30 (2.50) 1.50 (.71) 3.50 (3.13) 8.82 (4.05)
MTLþ 6.38 2.00 1.00 3.00

Note: MTL¼patients with lesions restricted to the medial temporal lobes;
MTLþ¼patients with lesions extending into anterolateral temporal cortex.
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Fig. 2. Mean number of accurate details of each type generated by controls (white
bars), the whole amnesic patient group (black bars), amnesic patients with lesions
restricted to the MTL (dark gray bars), and amnesic patients with lesions extending
into anterolateral temporal cortex (MTLþ; light gray bars). P/D¼perceptual/
description; Th/Em¼thought/emotion. Error bars indicate SEM.

5 This patient's impaired order performance was due to a very high score for
one story, for which he recounted the ending at the very beginning. The other
elements, however, were in correct order.

M. Verfaellie et al. / Neuropsychologia 61 (2014) 105–112108

4. Discussion

The results of this study are consistent with those of
Moscovitch and Melo (1997) and Rosenbaum et al. (2009) in that
they demonstrate that patients with amnesia are impaired in their
ability to recount detailed semantic narratives. Our findings go
beyond these previous studies, however, in that they elucidate the
contribution of both MTL and anterolateral temporal regions to
memory for semantic narratives.

Patients with lesions restricted to the MTL produced narratives
that were reduced in amount of detail, but they had preserved
schematic representations of the stories, as indexed by the fact
that their narratives included a similar number of thematic
elements as those of controls. Further, even though recall of
narrative details was impoverished, recognition of such details
was intact. These results suggest that lesions of the MTL do not
result in loss of knowledge about premorbidly acquired semantic
narratives, but rather, interfere with the ability to recover that
knowledge in rich detail.

In contrast, patients with lesions extending into anterolateral
temporal neocortex had a pervasive impairment in memory for
semantic narratives. This impairment was apparent not only in
their difficulty retrieving story details, but also in their impover-
ished access to schematic representations and their inability to
distinguish true from false story details. These findings accord well
with the notion that the anterior and lateral temporal lobes are the
critical storage sites for semantic memories (Hodges, 2003; Rogers
et al., 2004; Saffran & Schwartz, 1994). Lesions affecting these
regions lead to a degradation of semantic knowledge that man-
ifests regardless of method of testing.

Despite the fact that neocortical regions are the permanent
storage sites of semantic memories, it appears that they are not in
themselves sufficient for all aspects of semantic memory retrieval.
Our results suggest that while schematic representations can be
accessed without mediation of the MTL, generative retrieval of

semantic detail, even for stories acquired long before onset of
amnesia, remains dependent on the MTL.

Before considering the implications of these findings, it is
important to rule out a potential alternative explanation of the
impairment in retrieval of semantic details in MTL amnesia.
Namely, could patients’ impairment be due to compromised
strategic retrieval processes mediated by the frontal lobes? Such
processes are important for establishing a retrieval mode and
guiding the memory search (Moscovitch & Melo, 1997). By this
explanation, MTL patients’ reduced detail production might be due
to incidental frontal damage leading to a disruption of executive
control processes rather than to a disruption of MTL-mediated
memory processes. This possibility is unlikely since none of the
MTL patients had visible frontal lesions. Further, the absence of a
correlation between retrieval of narrative detail and a composite
executive score argues against a disruption of executive function
as the cause of patients’ impoverished detail generation.

A further question concerns whether the observed impairment
can be linked to a specific structure within the MTL. Both
neuropsychological (Moss, Rodd, Stamatakis, Bright, & Tyler,
2005; Wang, Lazzara, Ranganath, Knight, & Yonelinas, 2010) and
imaging data (Moss et al., 2005; Tyler et al., 2013) suggest a role
for perirhinal cortex in semantic processing, raising the possibility
that the impairment in detail generation in the MTL group might
be due to damage to perirhinal cortex. Our results argue against
this explanation, as the impairment in detail generation was also
evident in two patients with volumetrically confirmed damage
limited to the hippocampus. Rather, our findings suggest a critical
role for the hippocampus in the production of detailed semantic
narratives.

The fact that memory for detailed semantic narratives acquired
early in life depends on the integrity of the hippocampus reveals a
striking contrast with memory for isolated semantic facts, as for
the latter, the contribution of the hippocampus gradually
diminishes over time until memory can be supported neocorti-
cally. A possible way to reconcile these findings is with reference
to the specific demands involved in retrieval of semantic narra-
tives. Moscovitch and Melo (1997) have suggested that memories
that have a narrative structure, regardless of whether they are
episodic or semantic in nature, may place special demands on the
hippocampus.

Consistent with this notion, both episodic and semantic narra-
tive memories are characterized by reduced detail in MTL patients.
Yet, whereas semantic narratives are reduced in semantic detail
(present study and Race et al., 2013), episodic narratives are
reduced in episodic detail, but not in semantic detail (Race et al.,
2011; Rosenbaum et al., 2009; Steinvorth, Levine, & Corkin, 2005).
This apparent inconsistency in amnesics’ retrieval of semantic
details in the context of different types of narratives likely reflects
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Fig. 3. Results for generation of main steps (A) and ordering of main steps (B) in controls (white bars), the whole amnesic group (black bars), amnesic patients with lesions
restricted to the MTL (dark gray bars), and amnesic patients with lesions extending into anterolateral temporal cortex (MTLþ; light gray bars).

Table 3
Mean proportion (and SEM) of targets (Hits) and false details (FAs) endorsed by
controls and amnesic patients as well as corrected recognition performance (Hits–
FAs).

Hits FAs Hits–FAs

Controls 88.47 (1.94) 24.00 (3.99) 64.48 (3.58)
Amnesics 86.09 (2.01) 36.57 (8.92) 49.52 (7.96)
MTL 84.89 (2.49) 24.12 (4.78) 60.76 (4.32)
MTL þ 89.11 67.68 21.42

Note: FAs¼false alarms; MTL¼patients with lesions restricted to the medial
temporal lobes; MTLþ¼patients with lesions extending into anterolateral tem-
poral cortex.
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Summary

• Remembering and imagining are intimately linked


• Episodic remembering is impaired in hippocampal amnesia


• Associated with reduction of detail in narrative construction/imagination


• Rich visual cues may diminish reliance on episodic memory in narrative 
construction


• Testable hypotheses: 


1. Memory for text versus film will show a fidelity/flexibility dissociation


2. People with memory complaints will recall text>film


