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Patients with hippocampal amnesia cannot imagine

new experiences
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Amnesic patients have a well established deficit in remembering
their past experiences. Surprisingly, however, the question as to
whether such patients can imagine new experiences has not been
formally addressed to our knowledge. We tested whether a group
of amnesic patients with primary damage to the hippocampus
bilaterally could construct new imagined experiences in response
to short verbal cues that outlined a range of simple commonplace
scenarios. Our results revealed that patients were markedly im-
paired relative to matched control subjects at imagining new
experiences. Moreover, we identified a possible source for this
deficit. The patients’ imagined experiences lacked spatial coher-
ence, consisting instead of fragmented images in the absence of a
holistic representation of the environmental setting. The hip-
pocampus, therefore, may make a critical contribution to the
creation of new experiences by providing the spatial context into
which the disparate elements of an experience can be bound.
Given how closely imagined experiences match episodic memories,
the absence of this function mediated by the hippocampus, may
also fundamentally affect the ability to vividly re-experience the
past.

episodic | hippocampus | imagination | memory | construction

E ach of us has our own unique personal past, comprising a
myriad of autobiographical experiences accrued over a life-
time. Recollection of these rich autobiographical or episodic
memories has been likened to mentally traveling back in time
and re-experiencing one’s past (1). It has long been known that
the hippocampus and related medial temporal lobe structures
play a critical role in supporting episodic memory (2), and
damage to even the hippocampus alone is sufficient to cause
amnesia (3, 4). How exactly the hippocampus supports episodic
memory (5-7), or indeed whether its involvement is time-limited
(5, 8) or permanent (7, 9) is uncertain, however. Numerous
studies have attempted to settle this debate by ascertaining the
status of remote episodic memory in patients with hippocampal
amnesia (10) but without resolution thus far. This is not alto-
gether surprising as studying memory for personal experiences is
fraught with methodological issues (11-13), not least of which is
how to generalize across individuals when autobiographical
memories are unique to each person (9, 14).

We therefore sought to further our understanding of the role
of the hippocampus in episodic memory by adopting a different
approach. If patients with hippocampal damage are impaired at
recollecting past events, we wondered, can they imagine new
experiences? While there have been some suggestions that
amnesic patients have difficulty envisioning themselves in the
future (15-18), surprisingly, the more general question of
whether imagining new experiences depends on a functioning
hippocampus has not been formally addressed to our knowledge.
In fact, episodic memory and imagining or constructing events
share striking similarities in terms of the psychological processes
engaged (19-21). These include imagery (22), sense of presence
(1), retrieval of semantic information and multimodal details
(23), and narrative structure (22). Moreover, both episodic
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memory and construction involve the salient visualization of an
experience within a rich spatial setting or context (24), and
therefore differ markedly from “simple” visual imagery (e.g., for
faces or single objects) (25), which is thought not to depend on
the hippocampus (26). Constructions, then, have much in com-
mon with episodic memories but have the advantage of being
easier to systematize and experimentally manipulate. For exam-
ple, all patients can be asked to construct the same fictitious
situations, and their performances can be compared and con-
trasted more directly than would be possible in a standard
episodic memory recall paradigm.

We therefore tested whether a group of patients (n = 5) with
amnesia associated with bilateral hippocampal damage [see
Methods and supporting information (SI) Text] and a group of
matched control subjects (n = 10) could construct new imagined
experiences in response to short verbal cues which outlined a
range of simple commonplace scenarios (see Methods). When
imagining a new experience participants were explicitly told not
to describe a remembered event or any part of one but rather to
give free reign to their imaginations and create something new.
They were also encouraged to “see the situation and setting in
their mind’s eye” as if they themselves were physically present
and to describe as many sensory and introspective details about
the situation as they could. These descriptions were then scored
along a range of parameters to address two questions: (i) is the
hippocampus critical for imagining experiences, paralleling its
vital role in recollecting the past; and if so, (ii) is there a specific
hippocampal mechanism underpinning imagining that might
also bear on its role in episodic memory?

Results

Descriptions of the newly constructed experiences provided by
participants were recorded and later scored across a number of
ratings by using a similar method to the autobiographical
interview (13) that has been used to assess the richness of
episodic memories. We also developed additional ratings and
measures to fit the requirements of our task (see Methods and SI
Text). A composite score, the experiential index, measuring the
overall richness of the imagined experience and ranging from 0
to 60 (0, not experienced at all; 60, extremely richly experienced),
was calculated from four subcomponents: information content
(content, classified into four categories), ratings of sense of
presence and perceived vividness (participant ratings), a subin-
dex generated from participant feedback (spatial coherence
index), and a scorer rating of overall quality of the constructed
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Table 1. Performance on the construction task

Mean (SD)
Patients, Controls,
Measure n=>5 n=10
Overall richness: Experiential index 27.54 (13.12) 45.06 (4.02)
Subcomponents
Content
Spatial references 2.38(1.82) 5.28 (1.15)
Entities present 4.94 (1.26) 6.49 (0.42)
Sensory descriptions 4.12 (1.03) 5.64 (0.72)
Thought/emotion/actions 2.76 (1.77) 5.52 (0.64)
Participant ratings
Sense of presence 3.46 (1.15) 3.65 (0.49)
Perceived salience 3.52 (1.19) 3.88 (0.48)
Spatial coherence index 0.10 (3.21) 3.68 (1.30)
Scorer rating: quality judgment 3.88 (2.70) 7.13 (0.96)

experience (quality judgment). Table 1 shows the mean scores on
these measures for patients and controls. Examples of scenario
cues, excerpts from patients’ constructions, and those of matched
control subjects are shown in Fig. 1 (see SI Fig. 4).

Each participant was tested on 10 scenarios covering a range
of themes. Seven were standard commonplace scenarios (involv-
ing a beach, museum, pub, port, market, forest, and castle
setting). We also examined the effect of scenarios that were
explicitly self-relevant and potentially plausible in the future,
so-called “episodic future thinking” (17, 18) (possible Christmas
event, possible event over next weekend, possible future meeting
with a friend). Performances on the two scenario types were
initially analyzed separately. However, both had identical pat-
terns of results, and so for clarity we present the results collapsed
across scenarios.

Experiential Index. The patient group scored significantly lower on
the overall experiential index than the control group (P = 0.002)
(Fig. 2), thus revealing that the ability to richly imagine new
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Fig.2. Scoresonthe experiential index. The data points for every patientand
control subject are shown. Vertical bars represent group means.

experiences is compromised in the context of bilateral hip-
pocampal damage.

In the first instance, we wondered whether the impairment might
be because patients found the task more difficult than the control
subjects. After imagining each new experience, subjects rated how
difficult they found this task on a scale of 1-5 (1, very easy; 5, very
difficult). There was no significant difference between patients and
controls in perceived difficulty of imagining scenarios [patient mean
2.20 (1.07), controls 2.13 (0.64), P = 0.87]. We next considered the
extent to which imagined experiences were derivatives of actual
memories in the control subjects, despite the instruction to create
something new. After each construction we asked participants to
rate on a scale of 1-5 its similarity to an actual memory, in whole
or in part (1, nothing at all like any memories; 5, exactly like a
memory). The purpose of this measure was to verify that control
subjects had adhered to the instructions to create something new.

Cue: Imagine you are lying on a white sandy beach in a beautiful tropical bay

P03: As for seeing | can't really, apart from just sky. | can hear the sound of seagulls and of the sea... um... | can feel the
grains of sand between my fingers... um... | can hear one of those ship’s hooters [laughter]... um... that's about it. Are you're
actually seeing this in your mind’s eye? No, the only thing | can see is blue. So if you look around what can you see? Really all |
can see is the colour of the blue sky and the white sand, the rest of it, the sounds and things, obviously I'm just hearing. Can

you see anything else? No, it's like I'm kind of floating...

CON: It's very hot and the sun is beating down on me. The sand underneath me is almost unbearably hot. | can hear the
sounds of small wavelets lapping on the beach. The sea is a gorgeous aquamarine colour. Behind me is a row of palm trees
and | can hear rustling every so often in the slight breeze. To my left the beach curves round and becomes a point. And on the
point there are a couple of buildings, wooden buildings, maybe someone’s hut or a bar of some sort. The other end of the
beach, looking the other way, ends in big brown rocks. There’s no one else around. Out to sea is a fishing boat. It's quite an old
creaking looking boat, chugging past on its small engine. It has a cabin in the middle and pile of nets in the back of the boat.
There’s a guy in the front and | wave at him and he waves back...[continues]...

Cue: Imagine that you are standing in the main hall of a museum containing many exhibits

P05: [pause] There’s not a lot as it happens. So what does it look like in your imagined scene? Well, there’s big doors. The
openings would be high, so the doors would be very big with brass handles, the ceiling would be made of glass, so there’s
plenty of light coming through. Huge room, exit on either side of the room, there’s a pathway and map through the centre and on
either side there’d be the exhibits [pause] | don’t know what they are [pause]...there’d be people. [pause] To be honest there’s
not a lot coming. Do you hear anything or smell anything? No, it's not very real. It's just not happening. My imagination isn't...
well, I'm not imagining it, let’s put it that way. Normally you can picture it can’t you? I'm not picturing anything at the moment. So

are you seeing anything at all? No.

CON: I'm standing in the hallway of this museum I've never visited before. There’s an atmosphere here of people moving in
expectation towards some paintings and sculptures. As with many museums it's a beautiful place, it's architecturally well
constructed and pleasant to the eye. So what does it look like? It's a pillared hall and the floor is marble, the ceiling is domed
and sculpted. There is a buzz about the place, | think there must some special exhibition on which | had not expected, because
I've come just to see the general exhibits. In this hallway - although there are paintings there - there’s nothing | actually
recognise even though I'm fairly interested in art. I'd imagine that at some time a lot of these paintings would probably have
actually rested in churches rather than galleries or private homes. The paintings are all the way round and I'm looking at one in

particular which is almost straight ahead of me...[continues]...

Fig. 1. Examples of imagined experiences. Representative excerpts from transcriptions relating to two of the scenarios, with the cue at the top, followed by
an excerpt from a patient’s transcription, followed by that of a control subject who was age-, education-, and IQ-matched to that patient. See Sl Fig. 4 for an
additional example. Interviewer’s probing comments are in italics. Relevant background is information noted in square brackets.
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The low overall mean of the control subjects [2.03 (0.62)] confirmed
that this was the case, and therefore that successful construction of
rich new experiences did not depend on recalling real memories.
For completeness, we report that the patient mean was 2.37 (0.90)
and there was no significant difference between groups (P = 0.40).

We next sought to investigate the source of the patients’
experiential index deficit further by analyzing the subcompo-
nents that comprised this composite score.

Subcomponents. Content. Each scenario description given by the
participant was segmented into a set of statements. Every statement
was then classified as belonging to one of four main categories:
spatial reference, entity presence, sensory description, or thought/
emotion/action. The spatial reference category encompassed state-
ments regarding the relative position of entities within the envi-
ronment, directions relative to the participant’s vantage point, or
explicit measurements (e.g., “behind the bar” or “to my left I can
see” or “the ceiling is about 40 ft high”). The entity category was
a simple count of how many distinct entities (e.g., objects, people,
animals) were mentioned (e.g., “I can see some birds”). The sensory
descriptions category consisted of any statements describing (in any
modality) properties of an entity (e.g., “the chair I'm sitting on is
made of wood”) as well as general weather and atmosphere
descriptions (e.g., “it is very hot” or “the room is very smoky”).
Finally, the thought/emotion/action category covered any intro-
spective thoughts or emotional feelings (e.g., “I have a sense of
being alone”) as well as the thoughts, intentions, and actions of
other entities in the scene (e.g., “he seems to be in a hurry” or “the
barman is pouring a pint”) (see SI Text and SI Data Set for an
example categorization).

For each category, patients produced fewer details than
controls: spatial references (P = 0.002), entities present (P =
0.003), sensory descriptions (P = 0.005), and thought/emotion/
actions (P = 0.001). Although impaired, all patients performed
above floor and were able to produce at least some associations
and even substantial descriptions relevant to the scenario in
question, as can be appreciated from Fig. 1 (and SI Fig. 4). None
had deficits in semantic retrieval. Nevertheless, we next asked
whether an inability to retrieve relevant semantic information
might underpin their construction deficit. We selected one
patient at random and tested him in the same way on additional
scenarios. However, on this occasion, before starting to imagine,
the patient was provided with pictures of objects, as well as
sounds and smells relevant to the scenario (see Methods). This
information, which remained present during the task, thus
eschewed the need for retrieval from memory of relevant
semantic information, and using the provided materials appro-
priately could produce a reasonable score. Despite this assis-
tance, however, performance did not improve, with no differ-
ence in experiential index scores between original and “assisted”
scenarios (P = 0.96), the overall content score (P = 0.50), or the
spatial coherence index (P = 0.85).

Participant ratings. Perhaps their imagined experiences lacked
some key experiential qualities. We tested whether patients were
explicitly aware of these qualities by asking them to rate each
construction on a scale of 1-5 for sense of presence (1, did not
feel like I was there at all; 5, felt strongly like I was really there).
There was no significant difference between patients and con-
trols in perceived sense of presence [patient mean 3.46 (1.15),
controls 3.65 (0.49), P = 0.65]. We also asked subjects to rate the
perceived salience of each imagined experience on a scale of 1-5
(1, couldn’t really see anything; 5, extremely salient). As with
sense of presence, there was no significant difference between
patients and controls in perceived salience [patient mean 3.52
(1.19), controls 3.88 (0.48), P = 0.41]. Thus while patients were
impaired in terms of the amount of content included in their
imagined experiences, their subjective feelings of salience and
sense of presence were no different from control subjects,
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Fig. 3. Scores on the spatial coherence index. The data points for every
patient and control subject are shown. Vertical bars represent group means.

indicating that the deficit is subtle in nature. Although the
feedback received from patients was confidently and promptly
given, we cannot completely exclude the possibility that these
subjective ratings are somehow systematically different in pa-
tients compared with controls. Patients might remember less
accurately their immediate task performance because of their
amnesia, or because they do not have the same volume of rich
experiences available to draw on. However, if these participant
ratings were somehow inaccurately scored by patients, and they
should have scored themselves lower, resulting in their experi-
ential index being further decreased.

We therefore next considered another factor fundamental to
episodic experiences, namely the extent to which the patients felt
like the imagined experiences were taking place in an integrated
and coherent spatial context as opposed to merely being a
fragmented collection of images.

Spatial Coherence Index. The spatial coherence index is a measure
of the contiguousness and spatial integrity of the imagined scene.
After each scenario, participants were presented with a set of
statements, each providing a possible qualitative description of
the imagined experience. They were instructed to indicate which
statements they felt accurately described their construction.
They were free to identify as many or as few as they thought
appropriate. The spatial coherence index was then derived from
the statements identified (see SI Text). Some of the statements
indicated that aspects of the scene were integrated (e.g., “I could
see the whole scene in my mind’s eye”), whereas others indicated
that aspects of the scene were fragmented (e.g., “it was a
collection of separate images”). Participants were blind to the
purpose of the statements and indeed the concept of coherence.

Compared with controls, the feedback from the patients
indicated that their imagined experiences were fragmentary and
lacking in coherence (P = 0.007; see also Fig. 3). Although the
spatial coherence index encompasses a range of concepts, to
ensure that the patient feedback was reliable we performed a
correlation analysis between the spatial coherence scores and
the data from the spatial reference content category, the most
closely related (although narrower) objective measure. A strong
trend was observed (P = 0.07), which, although not significant,
indicates that it is likely that something concrete and real was
captured by the derived spatial coherence measure. Notably,
when performing the spatial coherence task, several of the
patients identified fragmentation as a relevant difficulty with the

Hassabis et al.


http://www.pnas.org/cgi/content/full/0610561104/DC1
http://www.pnas.org/cgi/content/full/0610561104/DC1
http://www.pnas.org/cgi/content/full/0610561104/DC1
http://www.pnas.org/cgi/content/full/0610561104/DC1

Lo L

P

2 1\

g

Downloaded from https://www.pnas.org by Saechsische L andesbibliothek Staats und Univ

task at hand, but also pertinent to their memory problems in
general.

Quality Judgment. One final scoring component, the quality judg-
ment, was the scorer’s assessment of the overall quality of each
construction (see SI Text). This component was included to
provide a measure of the range, diversity, and quality of the
details described and to ensure that short, succinct, but none-
theless salient, descriptions were not unfairly penalized because
of their brevity. Scorers were instructed to rate on a scale of 0-10
how well they felt the description evoked a detailed “picture” of
the experience in their own mind’s eye (0, no picture at all; 10,
vivid, extremely rich picture). The imagined experiences of the
patients were judged as significantly poorer in quality than those
of the controls (P = 0.004). The pattern of quality judgment
scores matched the pattern of the overall experiential indices
very closely, and, in fact, when an analysis was done without the
contribution of the quality judgments to the experiential index,
the patients still scored significantly lower than controls (P =
0.001).

P01. While overall the patient group was impaired at imagining
new experiences compared with the control group, examination
of Figs. 2 and 3 shows that one of the five patients (P01; see
Methods and SI Text) appeared to be unimpaired on the task.
This finding was confirmed when his performance was compared
with his two exactly matched control subjects. A separate
analysis of the data excluding P01 and his two matched control
subjects, however, made no difference to the statistical signifi-
cance of any of the results reported above. The fact that the
patient group were so impaired even when P01 was included
illustrates the extent of the deficit in imagining new experiences.
Furthermore, the other four patients were remarkably homog-
enous in their performances (see Figs. 2 and 3), despite differ-
ences in age, IQ, and memory profiles (see Methods and SI Text).
Possible reasons for P01’s atypical performance compared with
the other patients are considered in Discussion (see also SI Text).

Discussion

In this experiment, we devised a paradigm where participants,
rather than recollecting the past, had to imagine new experi-
ences. Our results demonstrate that amnesic patients with bilat-
eral hippocampal damage were significantly impaired on this
task. From this study, we are able to draw several conclusions.
To begin with, this systematic study formally documents that
patients with hippocampal amnesia have a deficit in richly
imagining new experiences. Second, in revealing this we show
that the role of the hippocampus extends beyond reliving past
experiences, encompassing not only imagining plausible self-
relevant future events, but also more generally the construction
of fictitious experiences. Third, our findings offer some insight
into a mechanism whose absence could underpin all of these
deficits. The patients’ imagined experiences were strikingly
deficient in spatial coherence, resulting in their constructions
being fragmented and lacking in richness. The hippocampus,
therefore, may make a critical contribution to the creation of new
experiences by providing the spatial context or environmental
setting into which details are bound (6, 7, 24, 27). Given how
closely imagined experiences match episodic memories, the
absence of this function mediated by the hippocampus may
fundamentally affect the ability to re-experience or reconstruct
past events.

Whenever one examines patients with amnesia, and in par-
ticular using a novel task that takes more than a few seconds, it
could be argued that the results merely reflect their anterograde
memory impairment. However, patients had access to a re-
minder cue during each trial, and the examiner verified through-
out that they had not forgotten the task, the instructions, or their
own constructions. There were no instances of confusion, re-
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quests for clarification, and, in particular, no evidence of repe-
tition, which one might have expected if patients were forgetting
recently generated scene elements and then constructing them
anew (see excerpts in Fig. 1 and SI Fig. 4).

According to the traditional view of memory (5, 28-30) the
role of the hippocampus in episodic memory is time-limited, with
these memories consolidated to the neocortex over time. Within
this framework it is held that the neocortex contains generalized
representations for spatial contextual (e.g., a beach, a market)
and nonspatial (e.g., object) memories, and therefore supports
remote memory independently of any contribution from the
hippocampus/medial temporal lobe (5). According to this view
then, successful imagination of experiences would be expected to
occur in the presence of hippocampal lesions, by the coordina-
tion of activity in multiple neocortical areas, perhaps mediated
by the goal-directed temporary or online binding capacities of
the prefrontal cortex in working memory (31-33). The demon-
stration that patients with hippocampal amnesia are impaired at
generating new imagined experiences poses a challenge to the
traditional model.

It could be argued, however, that the creation of imagined new
experiences relies on retrieval of recent episodic memories, a
process severely disrupted in hippocampal amnesics. Although
we cannot entirely exclude this possibility, we feel it to be
unlikely for several reasons. First, commonplace, everyday sce-
narios were specifically selected to increase the dependence of
constructions on generalized semantic memory representations
formed from numerous prior experiences, and thus minimize any
possible contribution of recent (or even remote) episodic mem-
ories. Therefore, an inability to use recent episodic memories to
aid their constructions is likely to have caused, at most, a mild
impairment on the construction task, rather than the devastated
performance that we observed. Second, we explicitly instructed
participants not to recount an actual memory or any part of one.
That our instructions were adhered to is evidenced by control
subjects reporting a low dependence on episodic memories to
produce rich constructions. Finally, the fact that one densely
amnesic patient was unimpaired on the construction task is
further evidence against intact episodic retrieval capabilities
being a necessary prerequisite for imagining new experiences.

Although our findings are inconsistent with the traditional
view (5), they accord well with suggestions that the hippocampus
plays a critical role in imagining experiences through the pro-
vision of spatial context, in perpetuity, either through its ability
to process spatial information (7, 24, 27) or to bind together
disparate elements of the imagined scene (6, 34-36). Given the
striking similarities between the process of imagining new ex-
periences and reliving past memories (19-21) our findings may
also have implications for the status of remote episodic memory
after hippocampal damage. It has been suggested that discrep-
ancies between studies of remote episodic memory in hippocam-
pal patients (8) might be accounted for by differences in the
quality or richness of the recollective experience, a feature that
is not always captured by existing scoring systems (7, 13, 37).
Indeed, recent evidence suggests that the hippocampus may be
critical for recollecting vivid, detailed episodic memories, re-
gardless of their age (7, 38, 39). Our results are consistent with
this perspective and moreover suggest the critical attribute
determining whether internally generated experiences, either
real or imaginary, are hippocampal-dependent may be the extent
to which they are vividly (re-)experienced.

One caveat to our findings is that PO1 was unimpaired on the
construction task. Whereas the other four patients, despite
variations in age, education, IQ, and memory profiles, were
found to be strikingly homogenous in their performances, P01 is
clearly distinct. Although the reason for his spared performance
is uncertain, it may relate to a degree of residual hippocampal
function. Indeed, this patient retains the ability to acquire new
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semantic information (40). Moreover, in a separate functional
MRI study, PO1’s spared capacity for encoding new semantic
information (retained even when tested a few months later) was
associated with significant activation in residual hippocampal
tissue (see SI Text and SI Fig. 5). We suggest, therefore, that this
patient may have sufficient functional hippocampal tissue to
allow him to perform successfully on the construction task.

In this study, we demonstrate that patients with hippocampal
amnesia are impaired on a novel task that shares many similar-
ities with episodic memory, namely the construction task. As
such we were able to provide insights into the nature of essential
neural mechanisms carried out by the hippocampus. Our current
task was optimized to examine spatial deficits within the more
general context of rich experiencing. In the future, it will be
interesting to examine whether the lack of coherence observed
extends to other nonspatial aspects of an imagined event.
Furthermore, it will be important to clarify the precise relation-
ship between construction and episodic memory and establish
whether the hippocampus plays a similar role in mediating both
of these functions.

Methods

Participants. Five patients (all male, one left-handed) each with
primary damage to the hippocampi bilaterally and concomitant
amnesia took part. All but one patient have been reported
(40-44) (see also SI Text for summaries of each case and SI Figs.
6-10). Hippocampal damage in three of the cases resulted from
limbic encephalitis associated with voltage-gated potassium
channel antibodies (VGKC-Ab), meningeoencephalitis and then
recurrent meningitis in one case, and limbic encephalitis (not
associated with VGKC-Ab) in one case. The mean age of the
patients was 52.8 years (SD 18.5, range 24-70), years of educa-
tion was 14.0 years (SD 3.7, range 11-19) and verbal IQ was 103.2
(SD 11.7, range 90-116). All of the patients had significant
impairment of anterograde memory; some were deficient on
both recognition and recall tests, others on recall tests alone.
Retrieval of premorbid semantic memory was intact in all cases,
while retrograde memory for episodic experiences was impaired,
with the amnesic period ranging from 10 years to a complete
lifetime. Language, perceptual, verbal fluency, and executive
functioning were within the normal range in all cases.

Lesions were confirmed by structural MRI scans and ap-
peared to implicate the hippocampi with no evidence of damage
in adjacent medial temporal areas. It is notoriously difficult, if
not impossible, to be certain in vivo that lesions are selective to
a particular brain region. Even scrupulous measurements or
ratings of tissue volume from MRI scans cannot provide a
definitive indication as to whether the tissue is functioning or not
(43, 45, 46) (see also SI Text) or the functional effect of a lesion
on wider brain systems. In the patients we tested, the primary
area of damage in every case seemed restricted to the hip-
pocampi, which was the only area of overlap. Their neuropsy-
chological profiles suggested an isolated memory impairment,
and their performance on the experimental task was remarkably
homogenous (excluding P01; see Results, Discussion, and SI
Text). Notwithstanding the difficulties inherent in the field, we
therefore feel that our data permit conclusions to be drawn
regarding the hippocampus.

Ten healthy control participants also took part (all male, one
left-handed). The mean age of the control subjects was 52.2 years
(SD 16.9, range 25-76), years of education was 14.1 years (SD 2.8,
range 11-17), and verbal IQ was 104.3 (SD 6.3, range 94-112).
There was no significant difference between the patients and
controls on these background characteristics (age P = 0.95; edu-
cation P = 0.95; IQ P = 0.81). In addition to comparing the two
groups, we ensured that each patient was matched exactly to two of
the control subjects on age, education, and IQ. All participants gave
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informed written consent to participation in the study in accordance
with the local research ethics committees.

Task and Procedure. Each participant was tested individually and
sat facing the examiner. Testing sessions were digitally recorded
to enable transcription and later scoring of participants’ re-
sponses. The requirements of the imagining new experiences
task were explained, and several examples were provided. Dur-
ing this practice phase we also established that patients could
remember the instructions and the cues throughout a construc-
tion trial. Commonplace, ordinary settings were chosen as
scenarios to minimize the difficulty level and to be as indepen-
dent from a participant’s innate creative ability as possible. The
scenarios also purposely encompassed a wide variety of different
subject matters from the manmade to the natural and the busy
to the isolated to ensure there were no content biases. For each
scenario a short description was read out loud by the interviewer
from a prepared script (e.g., “Imagine you’re lying on a white
sandy beach in a beautiful tropical bay;” see also Fig. 1 and SI
Fig. 4), and the participant was instructed to vividly imagine the
situation from the cue and describe it in as much (multimodal)
detail as possible. Participants were explicitly told not to recount
an actual memory or any part of one but rather create something
new. A printed text card was placed on the desk in front of the
participant summarizing the main concept of the scenario to act
as a reminder if needed. Participants were allowed to continue
with their descriptions until they came to a natural end or they
felt nothing else could be added. A probing protocol dictated the
appropriate use of statements used by the examiner during the
session. These mostly took the form of general probes encour-
aging further description (e.g., “can you see anything else in the
scene?”), or asking for further elaboration on a theme intro-
duced by the subject (e.g., “can you describe the fishing boat in
more detail?” in response to the subject saying “I can see a small
fishing boat gently rocking out in the sea”). It was strictly
prohibited for the examiner to introduce any concept, idea,
detail, or entity that had not already been mentioned by the
subject. After each scenario, participants were asked to rate their
constructions across a number of different categories (see
Results and SI Text). At various points during a trial, and before
the postscenario ratings, the examiner verified that the partici-
pant still recalled the task instructions, the scenario in question,
and the scenario he had created.

In the assisted version of the task (see Results), the scenarios
were similar in nature and the tasks were identical except that
before commencing imagination, four-color photographs of
objects relevant to the scenario, a relevant sound was played, and
a relevant smell was provided. These were available to the
subject throughout the imagination task, with the sound peri-
odically played by the examiner, and the subject invited to smell
the relevant odor.

During the pilot studies we attempted to contrast the first-
person perspective of the main task with a third-person or
observer perspective. We found, however, that healthy pilot
subjects effectively adopted a first-person perspective in any
case. Of course, this does not rule out the possibility there could
be an effect of a different perspective provided a first-person
perspective could be definitely excluded. This is a potentially
interesting issue for future studies.

Scoring. A composite score, the experiential index, ranging from
0 to 60, measuring the overall richness of the imagined experi-
ence, was calculated from the four subcomponents: content,
participant ratings, spatial coherence index, and quality judg-
ments. Full details of scoring system are provided in SI Text.
Similar to the approach used in studies of autobiographical
memory (13), the primary scorer was not blind to subject status.
Therefore to assess interrater reliability and scoring system
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robustness, two subjects (one patient and one control) were
selected at random and their constructions (representing 13.3%
of all constructions) were assessed by a second trained scorer
who was blind to subject identity. A two-way ANOVA was
performed with scorer and subject as factors. There was no
significant main effect of scorer on experiential index ratings
[F(1,9) = 0.117; P = 0.74] indicating a high degree of scorer
reliability.

Statistical Analysis. The two groups (patients and controls) were
compared by using two-tailed independent ¢ tests with a signif-
icance threshold of P < 0.05. For comparison of a patient’s
performance on standard compared with assisted scenarios,
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