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The Perceptual Richness of Complex Memory Episodes is
Compromised by Medial Temporal Lobe Damage

Marie St-Laurent,"*** Morris Moscovitch,>** Rachel Jadd,” and Mary Pat McAndrews'?

ABSTRACT:  Perceptual richness, a defining feature of episodic mem-
ory, emerges from the reliving of multimodal sensory experiences.
Although the importance of the medial temporal lobe (MTL) to episodic
memory retrieval is well documented, the features that determine its
engagement are not well characterized. The current study assessed the
relationship between MTL function and episodic memory’s perceptual
richness. We designed a laboratory memory task meant to capture the
complexity of memory for life episodes, while manipulating memory’s
perceptual content. Participants encoded laboratory episodes with rich
(film clips) and impoverished (written narratives) perceptual content
that were matched for other characteristics such as personal signifi-
cance, emotionality and story content. At retrieval, participants were
probed to describe the stories’ perceptual features and storyline. Partici-
pants also recalled autobiographical memories (AMs) in a comparison
condition. We compared the performance of patients with unilateral
medial temporal lobe epilepsy (mTLE) and healthy controls to assess
how damage to the MTL affects retrieval in these conditions. We
observed an overall decrease in detail count in the mTLE group, along
with a disproportionate deficit in perceptual details that was most acute
in the AM and the perceptually enriched film clip conditions. Our
results suggest that the impaired sense of reliving the past that accom-
panies MTL insult is mediated by a paucity of perceptual episodic mem-
ory details. We also introduce a new protocol that successfully mimics
naturalistic memories while benefiting from the experimental control
provided by using laboratory stimuli. © 2014 Wiley Periodicals, Inc.
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INTRODUCTION

Although the importance of the medial temporal
lobe (MTL) to episodic memory is well established,
much ongoing research is focused on refining our
understanding of the types of memory processes and
supported by the MTL during
retrieval. It has been shown that recollection, the sense
of travelling mentally back in time to relive past
events, depends crucially on the MTL (e.g. Nadel and
Moscovitch, 1997; Moscovitch and McAndrews,
2002; Moscovitch et al., 2005; Piolino, Desgranges,
and Eustache, 2009; Ranganath, 2010). Recollection,
however, can be broken down into several compo-

representations

nents that include self-projection and awareness of the
self in time, sense of “pastness,” the binding of mem-
ory details into a subjective mental construct, and the
vivid evocation of past sensory and mental experien-
ces. The current study tested the hypothesis that per-
ceptual richness, the retrieval of rich sensory-based
memory details, is among the key determinants of
MTL engagement at retrieval. Specifically, we tested
whether medial temporal lobe epilepsy (mTLE), a
condition that compromises the integrity of the MTL,
affects the perceptual richness of complex episodic
memories acquired both in the real world and in the
laboratory.

Perceptual imagery reflects the combination of
impressions from different sensory modalities experi-
enced in one’s mind’s eye. It is a core feature of epi-
sodic memory, as the retrieval of context-specific
perceptual details contributes to how vividly one can
recollect past events (Brewer, 1986, 1995; Rubin
et al., 2003; Conway, 2009). A consideration of neu-
roanatomy provides some evidence consistent with
our suggestion that retrieving imagery-based episodic
details depends on the MTL. Patterns of hippocampal
connectivity provide an anatomical template for the
hippocampus to play a central role in the integration
of perceptual details into rich memory constructs.
Input from the posterior neocortex, via the parahippo-
campal gyrus which supports spatial and scene repre-
sentation (Epstein and Kanwisher, 1998; Epstein,
2008), reaches the hippocampus through the entorhi-
nal cortex, and converges into the cornu ammonis
(CA) subfields with input from the apex of the ventral

visual stream which reaches the hippocampus via the



perirhinal and entorhinal cortex (Eichenbaum and Lipton,
2008; Litman et al., 2009; Derdikman and Moser, 2010; Ran-
ganath, 2010; Suzuki, 2010). A convergence of indirect inputs
from olfactory and polysensory cortical regions (Insausti et al.,
1987; Amaral and Lavenex, 2007) are also funneled through
the entorhinal cortex, and likely contribute to add richness and
complexity to memory for past events.

The cognitive neuroscience literature also suggests a link
between MTL function and the perceptual richness of episodic
memory. For example, reports of autobiographical memories by
patients with mTLE have a paucity of perceptual features (St-
Laurent et al., 2009). In healthy individuals, hippocampal acti-
vation has been shown to correlate with ratings of vividness
(Gilboa et al., 2004; Rabin et al, 2010), imagery use
(Andrews-Hanna et al., 2010) and intensity of reliving (St Jac-
ques et al., 2012; but see Daselaar et al., 2008) during the
retrieval of autobiographical events. Furthermore, evidence
from functional neuroimaging indicates that connectivity
between the hippocampus and posterior visual association
regions supports retrieval and elaboration of episodic details
during autobiographical recall (McCormick et al., in press).
Tellingly, patient Jon, a young amnesic who has grown up with
extensive bilateral hippocampal lesions, describes himself as
“the complete opposite of a visual person.” He adds: "I find it
difficult to visualize things in my mind’s eye. When I do try, I
can do it. It doesnt come automatically, though. I know it
probably does with most people. It’s not something I used to
be able to do, but I've worked on it a lot over the years"
(Maguire et al., 2010). The hippocampus has also been shown
to be essential to scene construction and for imagining the
future, which require the assemblage and retrieval of object
and spatial details into complex scenes and events (Hassabis
and Maguire, 2007; Hassabis et al., 2007; Hassabis and
Maguire, 2009; Schacter and Addis, 2009; Addis et al., 2011).
Like episodic memory retrieval, these processes require binding
of disparate multimodal elements such as sounds, smells, visual
inputs, people and objects (Hassabis and Maguire, 2009).

Although some evidence of the impact of MTL damage on
the retrieval of perceptual memory content emerges from self-
reports of extended events such as past autobiographical episodes
or future scenarios, there is no empirical work demonstrating a
specific loss of multi-modal perceptual episodic details in well
controlled situations such as AM-like laboratory events. Our
study was intended to fill this gap by using a novel episodic
memory task (see below) that dissociated perceptual content
from knowledge about what happened during an event, two
forms of episodic memory content that are intertwined in natu-
ralistic memories. Our task manipulated the perceptual richness
of laboratory memory episodes at encoding, and quantified the
richness of memory representations at retrieval. We then com-
pared performance between healthy individuals and patients
with unilateral mTLE to determine whether compromised MTL
integrity affects perceptually rich memory content.

Some of our patients suffered from seizures of unilateral hip-
pocampal origin, a condition linked to MTL damage and to
poor autobiographical memory (AM; Viskontas et al., 2000;
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Addis et al., 2007; Noulhiane et al., 2008; St-Laurent et al.,
2011). The remainder of our patient group had received a uni-
lateral resection of temporal lobe structures, which included at
least the anterior half of the hippocampus, in order to control
seizures of unilateral hippocampal origin. Although postsurgery
patients MTL lesions are more extensive than those of pre-
surgery candidates, evidence indicates that both groups suffer
from a comparable autobiographical memory impairment (Vis-
kontas et al., 2000; St-Laurent et al., 2009; Herfurth et al,,
2010; McAndrews, 2012). Here, we refer to both pre- and
postsurgery patients’ conditions as mTLE. Assessing memory
in patients with mTLE enables us to address fine-grained ques-
tions about the impact of MTL damage on memory content
because, unlike patients with hippocampal amnesia who have
very few memories for personal events (e.g., Steinvorth et al.,
2005), their memory performance is not at floor. Also, the uni-
lateral aspect of their disease provides an opportunity to assess
the respective contribution of the left and right MTL to AM
and episodic memory.

One definitive advantage of using laboratory events to inves-
tigate perceptual richness is the ability to control for other
dimensions such as complexity (e.g., how much happened),
emotionality, and personal relevance, that are typically corre-
lated in studies of naturalistic AMs (Levine et al., 2002; Rubin
et al., 2003; Daselaar et al., 2008), parameters which are
known also to modulate hippocampal engagement (Addis
et al., 2004). Our task required participants to study short lab-
oratory events with an unfolding story line, presented in one
of two formats: as perceptually enriched audio-visual film clips
or as perceptually impoverished written narratives (see also Fur-
man et al.,, 2007; Kurby and Zacks, 2008; Wechsler, 2009;
Ben-Yakov and Dudai, 2011 for examples of other paradigms
using film clips or narratives). Crucially, story contenr (“what
happened in the story?”) was matched between these two con-
ditions, allowing us to determine how MTL damage affects the
retrieval of perceptually rich and of impoverished material
regardless of its event detail content, which cannot be achieved
with naturalistic events such as AM, constructed scenes or
future events. Both types of laboratory events were designed to
resemble autobiographical episodes: they had a narrative struc-
ture that unfolded over time, with one or more characters
interacting in a given situation, performing sequences of
actions which could be re-told and rehearsed (Radvansky et al.,
2005). Using laboratory episodes also allowed us to minimize
the influence of other characteristics of no interest to our
hypothesis, such as emotionality and personal relevance.

In addition, our paradigm included an AM condition during
which participants retrieved memories of personal life episodes.
The purpose of including this condition was to compare the
magnitude of the anticipated deficit in retrieval of AM percep-
tual details (St-Laurent et al., 2009) to performance on the
two laboratory conditions in participants with mTLE. Showing
that the type of deficits found in our laboratory conditions cor-
responded to those in AM, over which we have little control
and whose content we cannot verify, would lend validity to

findings on AM.
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For our task, laboratory events (narratives and film clips)
were encoded, and then AMs and laboratory events were
retrieved using a cued recall paradigm. Participants were given
a few seconds to recall each AM, clip or narrative, after which
they were probed to provide a verbal description of their
retrieval experience. Participants reported both the story ele-
ments they had time to retrieve (“what happened”: who did
what, what was the situation, etc.), as well as the perceprual fea-
tures they re-experienced at recall (what they “saw in their
mind’s eye”: visual, auditory and other sensory details). Story
and perceptual elements were identified from participants’ tran-
scripts and tallied according to a scoring procedure adapted
from Levine and colleagues (Levine et al., 2002). Transcripts
were also fed to the Linguistic Inquiry and Word Count soft-
ware, or LIWC, to perform an automated count for words fall-
ing under 80 different categories defined by an integrated
dictionary (LIWC2007; Pennebaker et al., 2007). Word counts
from categories that reflected perceptual memory content were
included in the current analysis to corroborate our manual
detail scoring.

Based on our hypothesis that the MTL is necessary for rep-
resenting perceptually rich information in memory, we made
the following predictions:

—Controls should recall more perceptual details in the per-
ceptually enriched film clip than in the perceptually impover-
ished narrative condition.

—Patients with mTLE should retrieve fewer perceptual details
than controls across all three memory conditions, indicating
that the paucity of perceptual autobiographical memory details
observed in mTLE (St-Laurent et al., 2009) can also be
observed for laboratory memories.

—The enhancement of perceptual details in the clip relative
to narrative condition for controls should be significantly
reduced in the mTLE group, indicating that MTL damage is
particularly disruptive to the ability to benefit from perceptual
enrichment of memoranda.

—Similar patterns of impairments should be observed
between the AM and the perceptually rich clip condition.

—As story content was designed to be matched between the
film clip and the narrative conditions, all participants should
recall similar numbers of story details in both conditions.
However, participants with mTLE could recall fewer story
details than controls, based on evidence that the MTL plays a
supportive role in memory for episodic event details.

MATERIALS AND METHODS

Participants

Thirty-one participants with mTLE (17 with right- and 14
with left-lateralized pathology) and 15 neurologically intact
controls were tested on this paradigm. Participants with mTLE
were recruited through the Epilepsy Clinic of the Toronto
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Western Hospital following a protocol approved by the Univer-
sity Health Network’s Research Ethics Board. Controls were
recruited through advertisement in the community, among staff
from the Toronto Western Hospital, and among friends and
colleagues.

All 12 presurgery participants with mTLE were candidates
for a unilateral temporal lobe resection. Six presurgery partici-
pants had seizures originating in the right hippocampus, and
the remaining six participants had seizures originating in the
left hippocampus. Five of these presurgery participants (three
right, two left) were diagnosed with mesial temporal sclerosis
(MTS) by a radiologist according to clinical criteria of atrophy
on T1-weighted MRI scans and high intensity indicative of
gliosis on T2-weighted MRI scans. One pre-surgery participant
(left) had an arteriovenous malformation in the left medial
temporal lobe, three (two right, one left) had indications of
neuroepithelial tumors in their epileptic medial temporal lobe,
and the other four (two right, two left) had normal-looking
brains based on MRI scans. Among the postsurgery mTLE par-
ticipants, 14 had received a traditional unilateral resection of
the anterior temporal lobe that included the temporal pole, the
amygdala, the anterior portion of the hippocampus, the rhinal
and lateral temporal cortex, and portions of the parahippocam-
pal cortex (six were left and eight were right lateralized). The
remaining five postsurgery participants (two left, three right)
had received a selective amygdalo-hippocampectomy that
included the amygdala, the anterior two-thirds of the hippo-
campus, the rhinal cortex and portions of the parahippocampal
cortex. One participant with a left selective resection had an
arachnoid cyst in the contralateral temporal lobe that displaced
the tissue, which was described as otherwise healthy by a radi-
ologist. In all the other participants, no structural brain damage
was observed outside the epileptogenic/resected temporal lobe.
All postsurgery participants were seizure free at the time of
testing which occurred at least 6 months following surgery.

In order to quantify potential language-dependent effects,
participants with mTLE were classified according to whether
their pathology was ipsilateral or contralateral to their language
dominant hemisphere. Two postsurgery participants with left-
lateralized mTLE whose language was atypically localized in
the right hemisphere were merged with pre- and postsurgery
participants  with right mTLE whose language was left-
lateralized. This group is referred to as nonlanguage-dominant.
Participants with left mTLE whose language was left-lateralized
are referred to as language-dominant. All participants were flu-
ent English speakers, and only two controls were not native
English speakers. Table 1 presents the mTLE participants’ per-
formance on neuropsychological tests, as well as additional
demographic information about the mTLE participants and
the control group.

Paradigm

All testing was performed on a Lenovo T500 computer
using E-Prime 2.0 (Psychology Software Tools Inc. Release can-
didate version 2.0.8.22).
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TABLE 1.
Mean Demographic and Neuropsychological Characteristics of the Control and mTLE Groups

Controls (n = 15) N-Domin mTLE (n = 19) Domin mTLE (1 =12) Norms

Gender (M/F) 3M/12F 8M/11F 5M/7F n/a
Surgical status (pre/postsurgery) n/a 13 Post/6 pre 6 Post/6 pre n/a
Age (yr) 40.9 (10.0) 38.9 (10.1) 46.8 (10.4) n/a
Years of education 15.7 (2.3) 14.1 (2.1) 14.6 (2.2) n/a
WASI full scale IQ n/a 1014 (7.7) 104.6 (13.8) 100 (15)°
Performance 1Q n/a 98.7 (9.0) 105.3 (14.2) 100 (15)*
Verbal 1Q n/a 103.8 (8.7) 104.8 (14.2) 100 (15)*
WASI matrix reasoning subtest (standard score) 11.7 (3.0) 10.5 (2.7) 11.2 (3.1) 10 (3)?
RAVLT total recall score n/a 48.4 (7.3) 45.0 (9.7) 51.1 (8.6)°
RVDLT total recall score n/a 31.3 (10.2) 37.4 (10.9) 44.4 (12.4)°
Warrington words n/a 46.9 (3.0) 422 (4.2) 455 (3.2)°
Warrington faces n/a 38.4 (5.0) 40.2 (4.3) 44.8 (3.3)°
Verbal phonemic fluency (FAS) n/a 36.4(7.7) 41.1 (10.0) 34.2 (12.5)
Boston naming test n/a 52.8 (7.0) 48.4 (9.8) 55.5 (3.9)°

Standard deviation is between parentheses. Norms were obtained from 40 to 49 years old.

*Strauss, Sherman and Spreen (2006).
l’Spreen and Strauss (1991).
“Warrington (1984).

Domin = language-dominant; N-Domin = nonlanguage-dominant; F = female; M = male; 1Q = Intellectual Quotient; n/a = not applicable; RAVLT = Rey audi-
tory verbal learning test, RVDLT = Rey visual design learning test; WASI = Wechsler Abbreviated Scale of Intelligence.

Encoding

Eleven memories from the participants’ personal life were
selected from a list of suggestions (e.g. “New Year’s Eve celebra-
“Learning  about condition,”  “Walking
through a new city for the first time”). One memory was
reserved for practice. Participants selected personal events
(AMs) that took place over a year ago, and lasted from a few
minutes to a few hours. Each AM was given a title that would
serve as retrieval cue. Memories were typically selected in the
laboratory on testing day. The few participants whose memo-
ries were collected a few days in advance (e.g., over the phone)
were read their AMs titles at the beginning of the testing ses-
sion to ensure the cues were still effective.

During the story encoding phase (see Fig. 1) participants
were shown 20 short laboratory events (LEs) on a computer
screen, and sound was delivered through headsets. For each
participant, events were randomly assigned to one of two con-
ditions, so that 10 LEs were presented as verbal narratives, and
10 LEs were presented as film clips. The film clips were 23s in
duration, and contained minimal or no English dialogue, so
that the story was carried by the actions of the actors on
screen. Out of 20 clips, only 3 contained minimal English dia-
logue (e.g., “goodbye” while waving), 10 contained no dia-
logue, and 7 contained dialogue in a foreign language. The
clips were presented at the center of a 15” screen, within a
window that occupied 45% and 42% of the screen’s width and
height, respectively.

The narratives were verbal descriptions of what took place in
the film clip (see Supporting Information). Five written senten-
ces were presented in the middle of a white screen (Courier

tion,” someone’s

New, Black, Font 18), one sentence at a time, for 6 s each. A
male voice-over was played simultaneously, so that sentences
were read to the participant. An LEs title was displayed on
screen for 2 s immediately before and after the LE was pre-
sented. Participants were instructed to pay attention to the
titles, and to try their best to remember what took place in the
story. LEs were presented in alternating blocks of three or four
from the same condition, narrative or clip. The block to which
clips and narratives were assigned, and their order within that
block, was randomized for each participant. The material used
was developed through pilot testing in healthy adult partici-
pants. Our final pilot data indicated that the retained story
content was equivalent between the narrative and the clip con-
dition, but that the two conditions differed considerably in the
amount of perceptual content experienced at recall (as deter-
mined through detail count; see Scoring and data analysis
section).

Retrieval

Immediately after the encoding phase, participants received
instructions and underwent a practice session during which
they encoded two additional LEs (one narrative and one clip),
which they then retrieved along with the AM reserved for prac-
tice. Retrieval took place immediately after practice, 15 to 20
min encoding. At retrieval, the condition,
“Laboratory Memory” or “Autobiographical Memory,” was
indicated on screen for 1 s, followed by a block of three or
four trials from that condition. Stories originally seen as narra-
tives and clips were intermixed randomly within the Laboratory
Memory condition. For each trial, a title was displayed for 16

following
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Slide 1. A little girl holding a blue balloon stands by a little boy holding a red balloon.
Slide 2. They both start walking in opposite directions with their balloon.

Slide 3. The girl lets go of her blue balloon, which floats towards the boy.

Slide 4. She runs up to the boy as he catches her balloon.

Slide 5. He hands it back to her, and they walk away from each other again.

FIGURE 1.

Example of the video and narrative versions of a laboratory event. Top: frames

from the video, which was a 23 s extract from the movie The Red Balloon (Lamorisse, 1956).
Bottom: segments 1 to 5 from the narrative version that were shown on five consecutive on-

screen slides (with recorded voice-over).

s. For AM trials, participants were instructed to re-experience
their personal memory in as much details as possible over those
16 s. For LE trials, they were told to recount silently what
took place in the story, from beginning to end. The 16 s
retrieval time limit was used to constrain the amount of AM
details retrieved. Pilot testing indicated that most healthy adults
reported taking under 13 s to recall an entire LE, and so 16 s
was a sufficient time window for participants to complete their
recall.

After the 16 s elapsed, participants used a keypad to rate
their memory’s Story Content on a 1 to 5 Likert scale, for
which 1 =“no LE/AM details,” and 5 = “all the LE details/my
most detailed AM (in the context of this task).” Then, they
rated the Vividness of their memory on a 1 to 5 scale, for
which 1= %no visual/perceptual details,” and 5= “my most
vivid LE/AM (in the context of this task).” Vividness was
defined to participants as the totality of sensory details (visual,
auditory, olfactory, gustatory, tactile, proprioceptive, etc.) they
experienced while recalling the memory. Then, participants
were recorded with a microphone while they narrated every-
thing they had time to recall within the 16 s time limit. First,
they were given up to 100 s to describe what they recalled
about the memory’s story content: what happened either dur-
ing their personal event or in the LE (who did what, what was
the situation, etc.). Then, they were given up to 100 s to
report any perceptual details they experienced in their mind
during the 16 s time limit, including images of characters or
people, scene elements, scents, tastes, physical sensations,
sounds, etc. Participants were instructed to describe perceptual
memory details experienced through all senses, including visual,
auditory, olfactory, gustatory, tactile, and proprioceptive details.

Hippocampus

It is important to note that participants were instructed to
report any sensory elements they experienced in their mind at
retrieval, regardless of whether such details were originally pres-
ent at encoding. This is especially relevant to the narrative con-
dition, for which, unlike in the clip and AM conditions,
participants were told rather than shown what happened, and
for which stories were practically devoid of perceptual content
(see Fig. 1 and Supporting Information). Thus, if participants
visualized elements associated with the narrative at retrieval
which they were not shown at encoding but could have imag-
ined as they remembered the story (e.g., a person’s shape or
face, his or her voice, elements from the scenery, etc.), they
were instructed to report these perceptual details just as they
did for those they saw in the clip condition. Typically, unless
instructed otherwise, we find that participants tend to report
only what they encoded, and imagery experienced in the narra-
tive condition may thus be underestimated. Rather than assum-
ing that perceptual imagery differed during narrative and clip
retrieval based on what was shown at encoding, we decided to
validate this assumption by quantifying all perceptual details
experienced by participants when they recalled stories from
each condition. In doing so, we hoped to characterize more
appropriately the perceptual richness of these conditions irre-
spective of its provenance (on the screen, on the “page,” or in
the mind). Growing evidence indicates that damage to the
MTL disrupts non-recall tasks that require imagining new
scenes and visualizing future or alternative events (Hassabis
et al.,, 2007; Addis et al., 2008; Rosenbaum et al., 2009; Race
et al., 2011), and so we considered it plausible that participants
with mTLE may experience less imagery than controls even
when encoding and retrieving perceptually impoverished



MTLE AND PERCEPTUAL RICHNESS OF COMPLEX MEMORIES

NARRATIVE (Control Participant #20)

1st Recording (Story Content) - What happened?

A boy is walking down the street (Sto) and two boys run up to him (Sto) and push him down to the ground (Sto) and
run off (Sto). As the boy is getting up (Sto) and grabbing his glasses (Sto), obviously they're knocked off, he looks
across the street, and he sees two mimes (Sto, Pe ), miming a sad face and then putting the hand over the face to
change the sad into a happy face (Sto, Pe ). The boy puts on his glasses to see this (Sto) and the boy smiles (Sto, Pe)
and then turns and runs away (Sto).

2nd Recording (Perceptual Content) - What did you perceive in your mind's eye?

Visually, even thought this was a written story | can kind of visualize the mimes, | see the boy with the glasses (Pe),

| don't really visualize the bullies. | don't have any other sensory thing other than visual.

565

Story Details: 11, Perceptual Details: 4

FILM CLIP (Control Participant #24)
1st Recording (Story Content) - What happened?

a black fence (Pe ). And that's about it.
Story Details: 9, Perceptual Details: 10

There's a boy in the middle of the street (Sto, Pe ), two kids on each end of his left side and right side come (Sto, Pe)
and basically knock him down, onto the floor (Sto, Pe ), he has a backpack, a brown backpack on his back (Pe ). He
gets up (Sto) and he looks in front of him and he sees two mimes looking at him (Sto, Pe ) and basically putting on a
happy face (Sto). The kid smiles (Sto, Pe ), he puts his glasses on (Sto), and he runs down the street (Sto).

2nd Recording (Perceptual Content) - What did you perceive in your mind's eye?

| remember it was a street, | believe it was the Eiffel tower (Pe ). | remember he had a brown bag, he had black
glasses (Pe ), eventually when he put them on (Pe ). | remember the mimes, they were behind a little gate or a fence,

FIGURE 2.

Recall of a laboratory event seen as a narrative or a film clip by two different

control participants. Recall is scored according to the procedure employed in the current study.

Pe = Perceptual Detail; Sto = Story Detail.

narratives. Note, however, that no additional imagining was
encouraged in the narrative condition, and that visualization
was not required to retrieve narratives: participants were told
explicitly not to make a special effort to conjure up vivid
images of the memories. They were simply encouraged to
report any incidental perceptual imagery they may have experi-
enced in their mind when recalling the material.

There were three blocks of retrieval trials, interspaced by
two breaks of at least 30 s. Two blocks contained three
AMs and six LEs, and one block contained four AM and
eight LE trials. Each AM or LE was attributed to a block
randomly, and the order of first, second, and third block
was randomized for each participant. On average, partici-
pants took about 45 min to complete the retrieval portion
of the study. Note that retention intervals were on a differ-
ent time scale for AMs than for the laboratory episodes,
which were between 20 and 100 min old, rather than going
back weeks, months, or years. However, retention intervals
were equated between the two laboratory memory condi-
tions, ruling out a concern that this factor mediated differ-
ences in performance between the narrative and the clip
condition.

Scoring and data analysis

Recordings from the retrieval trials were transcribed by MSL
and RJ. Each retrieval trial produced two recordings: first, the
recall of “story content,” and second, the recall of “perceptual
content.” Transcripts from both recordings were broken down
into meaningful units of information, or details, according to a
scoring system adapted from Levine et al. (2002; see Fig. 2 for

examples of scored protocols). Details were tallied across the
two recordings, so that a single score was available per trial for
each detail category. Only information that was specific to
what took place within the LE or AM was scored. Less specific
information, such as general opinions or facts, and details that
pertained to a different event, were not scored (i.e., they were
ignored). Also, no additional points were given for repetitions.
In both recordings, memory-specific details were categorized
into one, or both, of two detail categories: Story Derails, and
Perceptual Details. Story Details corresponded to information
about “what happened,” such as the type of event described
(e.g., a lab meeting), the people who were present, their actions
and conversations, and other happenings. Thoughts or emo-
tions experienced by the person at the time a personal event
took place were considered mental events, and were counted as
Story Details (e.g., “I was shocked when she told me”). Opin-
ions about an event that were not experienced at the time the
event took place were not counted (e.g., “this is such sad
story”).

Perceptual details corresponded to information experienced
through the senses, that was either visual (light intensity, ele-
ments from a scene, pieces of clothing, objects in the room),
auditory (laughter, street sounds), olfactory or gustatory (smell
of rain, coffee taste), tactile or proprioceptive (feeling tired or
sick, being cold, dizzy, feeling your skin burning). While most
details were categorized exclusively as Story details or as Percep-
tual details, some text segments that contributed to advance
the story by describing what people or story characters were
doing, while also reflecting sensory imagery, were counted in
both detail categories (e.g., “a boy was leaning back against a
wall (Story and Perceptual). He was waiting for a girl (Story).
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His blazer was blue (Perceprual)”). Note that, unlike the current
analysis, Levine et al.’s (2002) original scoring system classified
details into exclusive categories. Our modification reflects the
fact that we were specifically interested in capturing perceptual
elements in all conditions, as well as fully accounting for story
elements, and we did not want to “sacrifice” either in our
detail counts when such details were inextricably bound
together. We did not score information about time (e.g., “it
happened two years ago”; “that was in January”) or place (e.g.,
“this was in Toronto”), unless it provided perceptual informa-
tion (e.g., “it was a hot summer day,” “we were at the back of
the bar”), or information about the type of event described
(e.g., Christmas dinner, baseball game).

In the narrative and clip conditions, Story Details that dif-
fered from what was presented at encoding (e.g., made up or
distorted Story Details) were counted as Story Errors. In the
clip condition, perceptual elements that were not part of the
original film clip (e.g., recalling a hat when the person did not
wear one) were considered Perceprual Errors. For the narrative
condition, imagined percepts that were not shown at encoding
were counted as Perceptual Details unless they were unrelated
to or in conflict with the studied narrative (e.g., visualizing a
young boy running down the street when the narrative’s main
character was a girl; imagining additional characters not men-
tioned in the story). Note that very few errors were committed
in the two story conditions by either the control or the patient
group (see Fig. 5). In the AM condition, participants were
given the benefit of the doubt regarding the accuracy of their
recall unless (1) a participant corrected him/herself, or (2) two
memory elements contradicted each other, in which case the
“correct” detail was determined arbitrarily, and the conflicting
detail was counted as a Swry Error or a Perceptual Error,
depending. Additional examples of scored protocols from
patients and controls, and a scoring manual detailing this scor-
ing system, are available as Supporting Information.

We conducted two different analyses on mean numbers of
details, one of which excluded non-successful trials (Story Con-
tent rating of 1=“no story details”), and one of which
included all trials (Story Content rating=1 to 5). There was
little difference between the two sets of results (see Supporting
Information Fig. S1), and so we are reporting analyses per-
formed on successful trials only (Story Content rating>1).
Trials with recording errors were also excluded from the detail
analysis. We elected to exclude unsuccessful trials from the final
analysis because we wanted to characterize qualitative memory
content between conditions, and because such content could
not be characterized on trials for which no memory was
accessed. In fact, having poorer retrieval success in some condi-
tions could create the false impression of differences between
conditions in recall of perceptual elements, even though no
such differences exist when only successful trials are compared.
Just as failed trials are typically excluded from brain imaging
studies comparing the neural correlates of two cognitive states
so that brain activity reflects what happens when one performs
a task, failed trials for which participants recalled no content
were excluded from the current analysis to propetly characterize
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TABLE 2.

Inter-Rater Reliability: Intraclass Correlation Coefficients per Detail
Category

Score per memory condition

Global score AM Narrative  Film clip

(n=120) (n =40) (n =40) (n =40)
Story Details 0.859 0.869 0.889 0.850
Perceptual Details 0.811 0.707 0.910 0.828

Intraclass correlations were calculated following the guidelines of McGraw and
Wong (1996). The global score was calculated based on trials from all three
memory conditions.

AM = autobiographical memory.

potential differences in the types of memory content across our
conditions.

Scoring reliability: Intraclass correlations

Intraclass correlations (McGraw and Wong, 1996) were cal-
culated using SPSS 18.0 (Statistical Package for the Social Sci-
ences, IBM) for the tallied number of Story Details and of
Perceptual Details, respectively. M.S.L. and R.J. (who was
blinded to the identify of participants) both scored the same
120 memory transcripts (40 AM, 40 narratives, and 40 clips)
obtained from four different participants. Intraclass correlation
coefficients (two-way mixed model, absolute agreement, single
measures) are reported in Table 2 and were deemed acceptable.

Linguistic inquiry and word count (LIWC)

Memory transcripts were processed with the LIWC2007
computer software (Linguistic Inquiry and Word Count) for an
automated word count analysis. Transcripts of a participant’s
first (Story Content) and second (Perceptual Content) record-
ings from all successful trials (Story Content rating >1, exclud-
ing trials with missing recordings) were saved into a single
Microsoft Word document for each memory condition. For
each document, LIWC2007 calculated the number of words
falling into each of the 80 different categories defined by its
2007 English dictionary (Pennebaker, et al., 2007). For each
category, the average number of words per memory was calcu-
lated per condition. Here we report results from the Perceptual
Processes word category, which included words referring to the
process of perceiving (“observing,” “seen,” “heard,” “feeling,”
“listen,” “touch”). Importantly, while Perceptual Details scored
manually reflected the content of what was perceived (e.g., “I
heard a loud scream”), the LIWC Perceptual Processes category
counted words reflecting a perceptual experience in the narrator
(e.g., “I heard a loud scream”). Because both the percept and
the narrator’s experience are related in the memory narrative,
we used the LIWC analysis as a user-independent measure of
perceptual memory content to corroborate results from the
manual scoring.
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FIGURE 3. Mean number of successful trials (Story Content
rating > 1; maximum 10 trials per condition) plotted per condition
for the language dominant (Domin) and nondominant (N-Domin)
mTLE groups and the control group, respectively. Error bars rep-
resent SEM. Note: AM = autobiographical memory; Nar-
ra = narrative condition; Clip = film clip condition.

RESULTS

We conducted direct comparisons between the narrative and
the film clip conditions, as they were well matched in terms of
overall story content. Because the AM condition contained
more information than the two laboratory conditions, it made
direct comparisons difficult to interpret, and so we analyzed
those data separately. Nevertheless, observing similar patterns of
group differences in both the laboratory tasks and the AM task
in the same cohort of participants would indicate that the AM
deficit typically observed in mTLE extends to new memories
acquired in the laboratory. We also observed high positive cor-
relations between the number of details per category recalled
across the three memory conditions, indicating that similar
processes supported the AM and the laboratory conditions (see
Supporting Information Table S1).

The proportion of pre- and postsurgery participants with
mTLE was not perfectly balanced between the language domi-
nant and the language nondominant mTLE groups. The lack
of orthogonality between surgical status and laterality prevented
us from conducting two-way ANOVAs assessing the independ-
ent contribution of these two factors to task performance.
Instead, we conducted series of nonparametric Mann-Whitney
U tests comparing presurgery (2= 12) and postsurgery patients
(n=19), regardless of laterality, on all the measures reported
below. We also conducted a series of Mann-Whitney U tests
comparing language dominant (» =12) and language nondo-
minant (z =19) mTLE groups on the same measures. None of
these tests reached significance (= 0.101-0.952), providing
no indication that surgery status and laterality influenced
mTLE participants’ preformance on the current task. For sim-
plicity, we are reporting results from statistical tests for which
all mTLE patients were merged into a single mTLE group.
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Successful Trials

Following the 16 s allowed for retrieval, participants rated
the story content (“how much do you remember about what
happened?”) and the vividness (“how much sensory informa-
tion did you visualize at retrieval?”) of their memory, on 1 to 5
Likert scales. Based on the Story Content self-ratings, we iden-
tified trials for which participants failed to retrieve an AM or a
LE (Story Content rating = 1, “no story/AM details”). We cal-
culated the number of trials for which a memory was retrieved
successfully for each condition (Story Content rating =2 to 5),
which we compared between controls and participants with
mTLE (see Fig. 3). A 2 X 2 repeated measures ANOVA with
condition (narrative and clip) as within-subject factor revealed
that controls retrieved significantly more memories than partic-
ipants with mTLE (£ 44 = 10.242, P=0.003). A significant
main effect of condition (F 44y = 20.820, 2 < 0.001) revealed
that fewer memories were retrieved successfully in the narrative
condition in comparison to the clip condition, indicating that
narratives were either less memorable, less distinguishable, or
less casily accessed through cuing than the film clips. A trend
for a group X condition interaction effect (F{;44) = 3.941,
P =0.053) indicated that this effect was driven mostly by the
mTLE group, who had higher ratings for clips than for

narratives.

Detail Scoring
Story and perceptual details

Immediately after the self-ratings, participants were recorded
while describing the story content and perceptual features of
the memory they retrieved within the 16 s retrieval phase.
From the transcripts of these recordings, we tallied Story and
Perceptual Details. In Figure 4, the mean number of these
details is plotted per group, per condition. The means were

@ Control (=15)
ODomin(n=12)
ON-Domin(n=19)

=
(-]
)

[
N
L

Details per Memory
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Story details Perceptual details
FIGURE 4. Mean tallied number of Story Details and Percep-
tual Details per memory condition for successful trials only (Story
Content rating>1). Trials with recording errors, and Error details,
were excluded from these counts. Details are plotted for language
dominant (Domin) and nondominant (N-Domin) mTLE partici-
pants, and for controls. Error bars represent SEM. Note:
AM = autobiographical memory; Narra = narrative condition;
Clip = film clip condition.
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calculated for successful trials only (Story Content ratings >1).
Including unsuccessful trials, which were given a score of 0
details, into the means calculation did not change the overall
pattern of results (see Supporting Information Fig. S1 for
means calculated across successful and unsuccessful trials; Story
Content ratings 1-5).

We compared the number of Story and Perceptual Details
between the mTLE group and the controls in the AM condi-
tion. A two-way repeated measures ANOVA with details (Story
and Perceptual) as within-subject factor revealed significant
main effects of group (F; 44 = 11.553, P=10.001) and type of
details (Fy 44)=59.451, P<0.001), with the mTLE group
recalling fewer details than the control group, and with partici-
pants recalling fewer Perceptual Details than Story Details. A
significant group X detail interaction effect (F;44) = 7.949,
P =0.007) was also observed, indicating that the mTLE group
had a larger memory deficit for Perceptual Details than for
Story Details.

We then compared the number of Story and Perceptual
Details recalled by the control and the mTLE group in the
narrative and clip conditions. A three-way ANOVA with
repeated measure over detail type and memory condition
revealed significant main effects of group (K 44)=39.397,
P <0.001), detail type (F(; 44) =7.226, P=0.010), and condi-
tion (F(j 44) = 46.872, P<0.001). We also observed significant
group X details (5 44) = 16.153, P<0.001), group X condi-
tion (Fj44) = 18.112, P<0.001), details X condition
(F1,49y= 39.857, P<0.001) and group X details X condition
(F(1,44) = 18.079, P<0.001) interaction effects. These results
indicated a general decrease in all detail categories in the
mTLE group. More importantly, the analysis revealed that the
difference in Perceptual Details between conditions was more
salient in the control group than in the mTLE group, but that
this interaction between group and condition was either signifi-
cantly reduced or absent for Story Details.

To clarify these results, we conducted two-way ANOVAs
with repeated measure over condition separately for Perceptual
and Story Details. The analysis conducted on Story Details
revealed that controls retrieved more story information than
patients (Fy 44 = 21.762, P<0.001). The magnitude of this
deficit was similar in the narrative and the clip conditions, as
neither the condition (F{;44) = 3.843, P=0.056) nor the
group X condition interaction (£ 44 =.976, P=0.329)
effects were significant. Follow-up comparisons confirmed that
neither the mTLE (¢30) = 0.895, P=0.378) nor the control
group (fq4 = 1.637, P=0.124) showed differences in the
number of Story Details recalled between the narrative and the
clip condition, indicating that story content was equated
between these conditions in both groups. The two-way
ANOVA conducted on Perceptual Details revealed that fewer
details were recalled by the mTLE group than by controls
(F(1,44) = 44.422, P<0.001), and that more details were
recalled in the clip than in the narrative condition
(F1,44) = 67.519, P<0.001). In addition, the large increase in
Perceptual Details in the clip in comparison to the narrative
condition observed in the controls was significantly reduced in
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FIGURE 5. Mean number of incorrect Story and Perceptual

Details per memory for the narrative and clip conditions (exclud-
ing trials with recording errors). Details are plotted for partici-
pants with language dominant (Domin) and nondominant (N-
Domin) mTLE, and for controls. Error bars represent SEM. Note:
Narra = narrative condition; Clip = film clip condition.

the mTLE group (F; 44) = 27.905, P < 0.001). In other words,
the gain in Perceptual Details that controls reported when
recalling perceptually enriched clips was reduced in participants
with mTLE, whose recall of Perceptual Details in the enriched
clip condition was almost as impoverished as when they
recalled narratives. Of interest, the deficit in Perceptual Details
observed in the mTLE group in the clip condition was of the
same magnitude as that which we observed in the AM
condition.

Errors

Participants were given the benefit of doubt as to the verac-
ity of AM details because their accuracy could not be verified.
However, in the narrative and clip conditions, Story and Per-
ceptual Details that did not correspond to what was presented
at encoding were counted as errors. On average, very few errors
were committed by participants, and the total number of errors
made by individuals with mTLE was generally within the same
range as that of controls (see Fig. 5).

LIWC

The LIWC software, which counted the number of words
falling under categories identified based on its 2007 English
dictionary (Pennebaker et al., 2007) was used for automated
scoring of memory transcripts. Unlike the manual scoring,
LIWC could not discriminate between what was correctly and
incorrectly recalled, but the small number of errors identified
in the manual scoring indicates that most of the information
recalled was correct (see Fig. 5). Figure 6 illustrates the mean
number of words per memory from the Perceptual Processes
category.

We compared the number of Perceptual Processes words
between the mTLE and the control group for the narrative and
the clip condition. A two-way ANOVA with repeated measure
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FIGURE 6. Mean number of words per successful trial (Story

Content rating > 1, complete recording) from LIWC2007’s Per-
ceptual Processes category. Numbers of words are plotted per
memory condition for each group. Error bars represent SEM.
Note: AM = autobiographical memory; Domin = language domi-
nant; Narra = narrative  condition; N-Domin = nonlanguage-
dominant, Clip = film clip condition.

over condition (narrative and clip) revealed significant main
effects of group (F{j44)=17.484, P<0.001) and condition
(F(1,44) = 27.696, P<0.001), indicating that controls produced
significantly more Perceptual Processes words than individuals
with mTLE, and that more words were produced during the
clip than the narrative condition. We also observed a group X
condition interaction effect (F{; 44y =3.970, P=0.053) indi-
cating that the difference in Perceptual Processes words
between the narrative and clip conditions was greater in con-
trols than in participants with mTLE. This pattern is identical
to what we observed with Perceptual Details scored manually:
memory for enriched clips was almost as perceptually impover-
ished as memory for narratives in the mTLE group. In the AM
condition, controls produced significantly more Perceptual
Processes words than participants with mTLE (544 = 2.875,
P =0.008), which is also consistent with the group differences
observed with the manual scoring. Manually scored Perceptual
Details correlated highly with the number of Perceptual Proc-
esses words recalled across participants (= 0.749, 0.708, and
0.755 for the AM, narratives and clips conditions, respectively;
P <0.001). These results establish that the automated count of
DPerceptual Processes words from memory transcripts could
serve as a reasonable substitute for the manual scoring of Per-
ceptual Details.

DISCUSSION

We designed a paradigm that differentiated successfully
between two dimensions of complex episodic memory: story-
line, which corresponds to what happens over the course of an
event, and perceptual richness, which results from percepts
retained or evoked in the recollector’s mind. Contrasting per-
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formance on this task between patients with mTLE and
healthy controls confirmed our hypothesis that damage to the
MTL leads to a disproportionate reduction in perceptual rich-
ness as compared to storyline.

In controls, a considerable number of story and perceptual
details were retrieved in the AM condition, which is consistent
with evidence that memory for event-specific personal episodes
is characterized by a rich narrative structure (Neisser et al.,
1996; Radvansky et al., 2005; Conway, 2009), and by
experience-near sensory content (Brewer, 1986, 1995; Mosco-
vitch et al., 2005; Conway, 2009; Conway and Loveday, 2010;
Moscovitch, 2012b). In the mTLE group, a significant interac-
tion effect revealed a greater paucity for perceptual details than
for story details. This result replicates findings from our previous
study comparing mTLE participants to healthy controls on a
different AM task (St-Laurent et al., 2009) and together the
results highlight the importance of perceptual information to the
characterization of the memory deficit caused by MTL dysfunc-
tion. In the perceptually enriched clip condition, the perceptual
details deficit we observed in the TLE group was as pronounced
as in the AM condition. As expected based on our experimental
manipulation of stimulus content, controls retrieved more per-
ceptual details in the clip than in the narradve condition, an
advantage that was virtually eliminated in patients with mTLE.
The comparable number of perceptual details recalled by
patients in the clip and the narrative conditions indicates that
their memory for clips was almost as perceptually impoverished
as their memory for narratives. This pattern of results was
observed both with manual scoring and with the LIWC count
of Perceptual Processes words. Thus, our findings indicate that
the lack of vivid and detailed AM recollection found in patients
with MTL damage is not peculiar to the retrieval of distant epi-
sodes from remote memory, but rather reflects a general condi-
tion that also applies to recently acquired memories of extended
well-controlled laboratory events.

We must clarify that while perceptual details were retrieved
from memory in the film clip condition, they were mainly eli-
cited by story retrieval in the narrative condition. In order to
portray the imagery experienced by the participants in each
recall condition accurately, and avoid potential self-censoring of
mnemonic details, we instructed them to report all imagery
regardless of its origin (stimulus or imagination). This feature
of our paradigm allowed us to validate that retrieval of sensory
details was truly superior in the clip compared to the narrative
condition in healthy individuals, and to fully estimate the mag-
nitude of the mTLE group’s perceptual memory deficit by a
direct comparison between the clip and the narrative condi-
tions. In addition, it allowed us to determine that narrative
retrieval evoked some sensory imagery in both groups. Interest-
ingly, the mTLE group experienced significantly less imagery
than controls when recalling narratives, which is consistent
with a literature linking MTL function to one’s capacity to
imagine new visuospatial scenes, future events and other
detailed mental constructs (Addis et al., 2007b; Hassabis et al.,
2007; Rosenbaum et al., 2009; Rabin et al., 2010; Viard et al.,
2012).
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In both controls and patients, the number of story details
recalled did not differ between the clip and the narrative condi-
tion, indicating that story content was well matched between
the two laboratory conditions, and that perceptual cues did not
bolster recall of story details. We also observed a general loss of
story content across conditions in the mTLE group that was
unrelated to the perceptual richness of the memory, as it
affected the clip and the narrative conditions equally. This loss
of story content is consistent with evidence that damage to the
MTL impairs the detailed recollection of episodic memory, and
renders memory more schematic or gist-like (Nadel and Mos-
covitch, 1997; Moscovitch et al., 2005; Piolino et al., 2009;
Rosenbaum et al., 2009; St-Laurent et al., 2011; Winocur and
Moscovitch, 2011). Although we hypothesized that perceptual
richness is an important determinant of MTL engagement at
retrieval, our results indicate that highly context-specific infor-
mation that is not perceptual, such as specific thoughts or
rapid sequences of actions, can also be affected by damage to
the MTL (St-Laurent et al., 2011). Nevertheless, the interac-
tion effect between detail category, group and condition indi-
cates that, while patients with mTLE recalled fewer details
across most categories and conditions, the magnitude of their
deficit for perceptual details was disproportionate, especially in
the perceptually enriched conditions which had “more to lose.”

Laterality and Temporal Lobe Pathology

Performance on our task was indistinguishable between par-
ticipants with left and right mTLE, indicating that both hemi-
spheres contribute to the retrieval of complex episodic
memories. This is consistent with other AM studies that did
not observe significant differences in memory performance
based on laterality of mTLE (Viskontas et al., 2000; Lah et al.,
2004, 2006; Noulhiane et al., 2007, 2008; Herfurth et al.,
2010; St-Laurent et al., 2009, 2011; but see Voltzenlogel et al.,
2006 for a greater deficit in patients with left-lateralized
mTLE, and see McAndrews, 2012, for a review), and with
functional brain imaging data indicating bilateral hippocampal
activation during AM retrieval (see Svoboda et al., 2006, and
McDermott et al.,, 2009, for meta-analyses). For the current
laboratory tasks, we anticipated that pathology localized in the
hemisphere might affected  the
language-based narrative condition disproportionally, but here

language-dominant have
again no laterality effects were observed. Typically, damage to
the left MTL disrupts memory for verbal material (Frisk and
Milner, 1990; Rausch and Babb, 1993; Sass et al., 1995;
Helmstaedter et al., 1997; Djordjevic et al., 2010), while dam-
age to the right MTL interferes with memory for visual and
spatial material (Jones-Gotman and Milner, 1978; Smith and
Milner, 1989; Morris et al., 1995, 1996; Bohbot et al., 1998;
Spiers et al., 2001). However, tasks that assess memory for
associative material tend to be less lateralized based on
material-specificity than tasks relying on familiarity with single
test items (Glosser et al., 1998; Cohn et al., 2009; Saling,
2009; McAndrews and Cohn, 2012). Thus, the complexity of
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the current laboratory events may account for the absence of
laterality effect in our results.

That being said, the scoring system we used awarded points
for story details regardless of how they were worded, and it is
possible that language-dominant TLE participants’ memories
were less literal than those of nonlanguage-dominant partici-
pants, as suggested based on findings from Djordjevic et al.
(2010), and Frisk and Milner (1990). A more stringent scoring
system that is sensitive to wording, or a task of autobiographi-
cal fluency that is more sensitive to word-retrieval processes
(Barr et al., 1990; Barnett et al., 2000; Lah et al., 2004), may
have revealed subtle modality-specific differences between the
mTLE groups. Nevertheless, the current data suggest that both
hemispheres contributed importantly to performance on the
current task, and that the episodic memory deficit observed in
participants with mTLE was not mediated by impaired lan-
guage processes, which is consistent with work from Lah et al.
(2006; see also Race et al., 2011).

Importantly, our results do not rule out that the left and the
right MTL might contribute differently to episodic memory
retrieval. Both hippocampi are known to share extensive con-
nectivity during AM retrieval (Addis et al., 2007a; St Jacques
et al.,, 2011; McCormick et al., in press). Furthermore, rela-
tively focal damage can lead to brain-wide changes in patterns
of activation (Maguire et al., 2001; Addis et al., 2007a; McAn-
drews, 2012). In addition, structural brain imaging has identi-
fied extra-hippocampal atrophy in people with mTLE, within
(e.g., Moran et al., 2001) and outside (Keller and Roberts,
2008; e.g., Bernhardt et al., 2009) the temporal lobe, although
the greatest and most consistent atrophy by far is found within
the epileptogenic hippocampus proper (Mathern et al., 1996;
Moran et al.,, 2001; Keller and Roberts, 2008). While our
selection of participants was quite rigorous (e.g., only individu-
als with clearly documented unilateral seizures, 1Q within nor-
mal range, a cognitive profile showing disproportionate
material-specific memory impairment, no seizures postsurgery),
which minimizes the potential influence of other factors that
can affect cognitive performance in mTLE patients (Bell et al.,
2011), it is possible that there is a blurring of the potentially
distinct contributions of each hippocampus in this population.

Our results also indicate that surgical status did not influ-
ence performance significantly in our mTLE group. Perform-
ance on verbal memory tasks has been shown to decline
postsurgically in a number of individuals with left-lateralized
mTLE, although the effect of a right temporal lobectomy on
memory for non-verbal material is less clear-cut (Rabin et al.,
2004; Richardson et al., 2004; Baxendale et al., 2006; Binder
et al., 2008; Harvey et al., 2008; St-Laurent, et al., 2014). The
laboratory tasks we designed were intended to mimic the proc-
esses involved in AM retrieval, where there is a robust literature
on the minimal impact of surgical status in mTLE. Specifically,
we and others have reported similar memory performance in
pre- and postsurgery mTLE groups (Viskontas et al., 2000;
Addis, 2005; Voltzenlogel et al., 2007; St-Laurent et al., 2009;
Herfurth et al., 2010). Interestingly, a longitudinal fMRI study
assessing AM pre and postsurgically in a cohort of individuals



with mTLE reveals very little change in their whole-brain pat-
tern of activation during AM retrieval following the surgery
(McAndrews, 2012). This growing evidence suggests that
retrieval of memories such as laboratory and autobiographical
events may be so sensitive to disruption of normal MTL func-
tion that seizure-related damage is sufficient to disrupt activity
within the entire retrieval network, and that further removal of
MTL tissue has little additional impact on performance. It also
indicates that damage restricted mainly to the hippocampus is
sufficient to induce episodic memory deficit in the current
patient group (see also Moscovitch and McAndrews, 2002; Gil-
boa et al., 2006; Rosenbaum, et al., 2008). Current theory of
MTL function suggests that memory for single items can be
supported by the cortex, but that memory that requires the for-
mation of associations between items and context always
involves the hippocampus proper (Eichenbaum et al., 1992;
Eichenbaum, 2004; Ranganath, 2010; McAndrews and Cohn,
2012). Clearly, for the laboratory and autobiographical events
used here, MTL damage was sufficient to disrupt task
performance.

Encoding Versus Retrieval

The results show that perceptual richness depends on the
integrity of the MTL, but the current clip and narrative tasks
could not be used to determine with certainty whether mTLE
interfered with memory encoding, with retention, with
retrieval, or with all processes. The crucial role played by the
MTL in memory acquisition is well documented (Scoville and
Milner, 1957; Eichenbaum et al., 1992; Squire, 1992), and
one must be mindful that participants with mTLE encoded
laboratory events with a defective MTL. With the exception of
remote events such as childhood memories retrieved by indi-
viduals with late onset mTLE, AM encoding was also per-
formed with an epileptogenic MTL in the current mTLE
group. Importantly, the literature indicates that memory for
personal events that precede the onset of seizures is just as
impaired as memory for postonset events, and that age of onset
is a poor predictor of AM performance in general (Bergin
et al., 2000; Viskontas et al., 2000; Lah et al., 2004; Voltzenlo-
gel et al., 2006; Noulhiane et al., 2007). Although perceptual
memory content was not measured in these studies, qualitative
losses of AM details were reported whether or not patients suf-
fered from seizures at the time of encoding.

Evidence of retrograde AM deficits observed in individuals
with adult-onset damage to the MTL due to trauma, dementia
or infections (Kapur, 1999; Cipolotti et al., 2001; Steinvorth
et al., 2005; Gilboa et al., 2006; Rosenbaum et al., 2005,
2008; Piolino et al., 2009; Seidl et al., 2011) clearly indicates
that MTL damage interferes with the retrieval of episodic
memory features (see reviews in Moscovitch et al., 2005, 2006;
Winocur and Moscovitch, 2011; but see Squire and Wixted,
2011). Together, these findings suggest that the presence of
MTL damage at retrieval is sufficient to induce the kind of
memory deficit reported here. Thus, although it is likely that
mTLE interfered to some extent with the encoding phase of
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our task, the literature suggests that mTLE also disrupts the
retention and/or retrieval of perceptual memory details.

We do not mean to leave the impression that identical
results would be obtained in patients with bilateral hippocam-
pal lesions. As we noted earlier, such patients have great diffi-
culty encoding,
information, including story content, and their performance on
our task would most likely be at floor. Also, it is still an open
question whether both elements of an event memory, story

retaining, and/or retrieving novel event

content and perceptual details, are equally compromised if the
initial memories were acquired long before the bilateral medial
temporal insult.

Theoretical Implications

We report that perceptual richness is especially prone to dis-
ruption when MTL integrity is compromised. These findings
confirm results from previous studies linking MTL function to
the perceptual imagery content of episodic memory and other
mental constructs (e.g., imagined new scenes; Greenberg and
Rubin, 2003; Hassabis and Maguire, 2009; St-Laurent et al.,
2009; St Jacques et al., 2011a,b, 2012). Our study’s strength
lies in the additional control provided by the use of laboratory
stimuli, which, unlike naturalistic memories, are matched for
age, personal relevance, emotionality and degree of rehearsal.
Also, we manipulated perceptual richness while controlling for
narrative-driven story content, two memory dimensions that
are typically intertwined in AM (Brewer, 1995). These meas-
ures allow us to conclude that although memory for both event
content and perceptual details is impaired in mTLE patients,
perceptual richness is particularly vulnerable. The latter finding
suggests that perceptual richness is an important determinant
of MTL engagement during episodic memory retrieval,
whether it is of memories acquired in the laboratory or outside
of it. It remains to be determined whether richness in other
domains, such as emotion, would also be impaired.

Patterns of structural and functional hippocampal connectiv-
ity are concordant with our findings. The hippocampus forms
indirect reciprocal connections with the apex of the ventral vis-
ual stream and with cortical regions processing multimodal
spatial information, enabling it to integrate multimodal fea-
tures from memory into a rich and coherent mental representa-
tion at retrieval (Eichenbaum and Lipton, 2008; Coward,
2010; Derdikman and Moser, 2010; Poppenk and Moscovitch,
2011; Poppenk et al., 2013). A recent functional imaging study
from our group demonstrates that connectivity of bilateral hip-
pocampi with posterior visual association errors is specifically
enhanced when healthy participants are asked to relive mentally
personal remote memories by recovering as many details as
they can (McCormick et al., 2014). Maguire et al. have shown
that patients with hippocampal amnesia struggle to imagine
rich visuospatial scenes they have never experienced before,
leading them to claim that the hippocampus plays an impor-
tant role in constructing scenes from multimodal memory
details (Hassabis et al., 2007; Hassabis and Maguire, 2009).
While our analysis included both spatial and non-spatial
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features in the Perceptual Details category, it revealed a paucity
of sensory episodic memory details in patients with damage to
the MTL, which is consistent with the Maguire group’s views
on hippocampal function.

Experiencing vivid imagery during memory retrieval contrib-
utes to one’s sense of reliving the past (Brewer, 1995; Rubin
et al., 2003; Park et al., 2011), a phenomenon known as recol-
lection. Recollection is a hallmark of episodic memory (Tulv-
ing, 1985; Wheeler et al., 1997; Tulving, 2002), and it is well
established that the experience of recollection is a determinant
of hippocampal engagement during episodic memory retrieval,
whether the episode is recent or remote (Nadel and Mosco-
vitch, 1997; Moscovitch and Nadel, 1998; Moscovitch et al.,
2005; Aggleton and Brown, 2006; Eichenbaum et al., 2007;
Cohn et al., 2009; Piolino et al., 2009; Yonelinas et al., 2010).
The current results indicate that perceptual episodic memory
details, which are severely disrupted following damage to the
MTL, could be a mediating factor in the relationship between
hippocampal function and recollection (Piolino et al., 2009).
Since the retrieval of perceptual details is supported by the hip-
pocampus, and since these details provide a vivid sense of re-
experiencing the past, one’s inability to retrieve perceptual
details due to hippocampal damage should lead to a specific
deficit in recollection (see discussions in Poppenk and Mosco-
vitch, 2011; Poppenk et al,, 2013, on the neuroanatomical
basis of this effect).

Our findings are also consistent with Martin Conway’s
theory which states that episodic memory is composed of
experience-near episodic elements (EEs), which often are repre-
sented in the form of visual images (Conway, 2009; Conway
and Loveday, 2010). EEs are bundled together by a conceptual
frame that provides the memory with its meaning or gist. The
perceptual details that were measured with our task, as well as
highly specific story details (e.g., specific actions), fit under the
definition of EEs. Conway suggests that the frame is supported
by a frontotemporal brain network, while EEs are supported
by a temporo-occipito-parietal network. Should damage to the
temporo-occipito-parietal network occur, Conway predicts a
dramatic loss of EEs, so that the gist or frame is accessed in
the absence of experiential details (Rubin and Greenberg,
1998; Greenberg and Rubin, 2003; Greenberg et al., 2005;
Conway and Loveday, 2010). Our current results are consistent
with these predictions, as perceptual details and specific story
elements were drastically reduced in individuals with mTLE.
Of importance, it is likely that EEs are not stored in the MTL
per se, but rather are indexed, accessed and integrated into a
memory through the actions of the MTL (Teyler and DiS-
cenna, 1986; McClelland et al., 1995; Greenberg and Rubin,
2003; Moscovitch et al., 2005; Teyler and Rudy, 2007; Hassa-
bis and Maguire, 2007, 2009; Buckner, 2010; Conway and
Loveday, 2010). Storage may instead take place in posterior
cortical regions, as evidenced in cases of severe retrograde
amnesia from patients with extensive bilateral posterior regions
that include visual cortices (Rubin and Greenberg, 1998;
Greenberg and Rubin, 2003; Greenberg et al., 2005). Retrieval
may also depend on the operation of various regions in the
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pre-frontal and parietal cortex which initiate and guide search
processes, and attend, monitor and verify its outcome (Mosco-
vitch, 1992; Cabeza et al., 2008; Ciaramelli et al., 2008; Rugg
and Vilberg, 2013). Thus, though we are mindful that other
regions are also implicated in episodic memory retrieval, we
suggest that the hippocampus plays the distinctive functional
role of linking EEs to conceptual long-term memory knowl-
edge by supporting the assemblage of experiential details into
recollective memory episodes (see also Moscovitch, 2008,
2012a,b, for a related view).

Methodological Advances

Our demonstration that extended laboratory events can be
used to isolate specific autobiographical memory features in
order to determine how they are affected by circumscribed
brain lesions is a valuable addition to the memory literature.
Other groups have pioneered the use of complex laboratory
events like narratives and film clips to identify the neural sub-
strates of features such as event boundaries, spatiotemporal
organization and remoteness of memory (Zacks et al., 2006;
Hasson et al., 2008; Kurby and Zacks, 2008; Furman et al,,
2012; Honey et al., 2012), and some paradigms that rely on
laboratory events have been used to link event features to MTL
function (Ben-Yakov and Dudai, 2011; Swallow et al., 2011;
Ben-Yakov et al., 2013). However, our study is the first to
demonstrate a parallel memory deficit for naturalistic AMs and
for laboratory events (but see Bailey et al., 2013 for a study
linking event perception to competence on a naturalistic test in
a clinical population), lending validity to evidence from the
AM literature where content is poorly controlled and memory
veracity cannot be verified.

Our study is also the first to disentangle story content from
perceptual richness, and to tackle the relationship between per-
ceptual richness and MTL function via experimental manipula-
tion. Laboratory events are a flexible tool that can be tailored
to manipulate specific dimensions of complex memory episodes
without being bound by the limits of a person’s experience. As
others have shown (e.g., Furman et al, 2012), laboratory
events can also be used in combination with brain imaging to
identify neural substrates and patterns of neural connectivity
that support very specific characteristics of episodic memory.
Our paradigm serves as a model for how one can identify brain
regions that support perceptual richness in autobiographical
and episodic memory, and to determine whether the hippo-
campus is among them (Steinvorth et al., 2005; Kirwan et al,,
2008; Rosenbaum et al., 2009).

CONCLUSION

Our findings support the hypothesis that perceptual richness
is an important determinant of MTL function, and are in line
with theories that emphasize its role in the retention, retrieval,
and assemblage of multimodal memory elements into vivid



recollective experiences, regardless of whether the memories
were acquired in the laboratory or in the real world. Future
work using functional brain imaging should address how inter-
actions between the MTL and other regions that form an event
retrieval network are modulated by the perceptual richness of
recollection.

Acknowledgments

The authors thank Marilyne Ziegler for her programming
assistance, Melanie Cohn for helping with recruitment and
providing neuropsychological test scores, Xianwei Wu for her
video editing wizardry, and Mieke Verfaellie and Lynn Nadel
for insightful discussion.

REFERENCES

Addis DR. 2005. Investigating the Engagement of the Hippocampus
and Related Structures During Autobiographical Memory Retrieval
in Healthy Individuals and Temporal Lobe Epilepsy Patients.
Toronto, Canada: University of Toronto.

Addis DR, Cheng T, R PR, Schacter DL. 2011. Hippocampal contri-
butions to the episodic simulation of specific and general future
events. Hippocampus 21:1045-1052.

Addis DR, Moscovitch M, Crawley AP, McAndrews MP. 2004. Recol-
lective qualities modulate hippocampal activation during autobio-
graphical memory retrieval. Hippocampus 14:752-762.

Addis DR, Moscovitch M, McAndrews MP. 2007a. Consequences of
hippocampal damage across the autobiographical memory network
in left temporal lobe epilepsy. Brain 130:2327-2342.

Addis DR, Wong AT, Schacter DL. 2007b. Remembering the past
and imagining the future: common and distinct neural substrates
during event construction and elaboration. Neuropsychologia 45:
1363-1377.

Addis DR, Wong AT, Schacter DL. 2008. Age-related changes in the
episodic simulation of future events. Psychol Sci 19:33-41.

Aggleton JP, Brown MW. 2006. Interleaving brain systems for episodic
and recognition memory. Trends Cognit Sci 10:455-463.

Amaral D, Lavenex P. 2007. Hippocampal neuroanatomy. In: Ander-
sen P, Morris R, Amaral D, Bliss T, O’Keefe ], editors. The Hip-
pocampus Book. Oxford: Oxford University Press, Inc. pp 37—
114.

Andrews-Hanna JR, Reidler JS, Sepulcre ], Poulin R, Buckner RL.
2010. Functional-anatomic fractionation of the brain’s default net-
work. Neuron 65:550-562.

Bailey HR, Kurby CA, Giovannetti T, Zacks JM. 2013. Action per-
ception predicts action performance. Neuropsychologia 51:2294—
2304.

Barnett MP, Newman HW, Richardson JT, Thompson B Upton D.
2000. The constituent structure of autobiographical memory:
Autobiographical fluency in people with chronic epilepsy. Memory
8:413-424.

Barr WB, Goldberg E, Wasserstein J, Novelly RA. 1990. Retrograde
amnesia following unilateral temporal lobectomy. Neuropsycholo-
gia 28:243-255.

Bell B, Lin JJ, Seidenberg M, Hermann B. 2011. The neurobiology
of cognitive disorders in temporal lobe epilepsy. Nat Rev Neurol 7:
154-164.

Ben-Yakov A, Dudai Y. 2011. Constructing realistic engrams: poststi-
mulus activity of hippocampus and dorsal striatum predicts subse-
quent episodic memory. ] Neurosci 31:9032-9042.

MTLE AND PERCEPTUAL RICHNESS OF COMPLEX MEMORIES

573

Ben-Yakov A, Eshel N, Dudai Y. 2013. Hippocampal immediate post-
stimulus activity in the encoding of consecutive naturalistic epi-
sodes. ] Exp Psychol Gen 142:1255-1263.

Bergin PS, Thompson PJ, Baxendale SA, Fish DR, Shorvon SD.
2000. Remote memory in epilepsy. Epilepsia 41:231-239.

Bernhardt BC, Worsley KJ, Kim H, Evans AC, Bernasconi A,
Bernasconi N. 2009. Longitudinal and cross-sectional analysis of
atrophy in pharmacoresistant temporal lobe epilepsy. Neurology
72:1747-1754.

Bird CM, Capponi C, King JA, Doeller CE, Burgess N. 2010. Estab-
lishing the boundaries: the hippocampal contribution to imagining
scenes. ] Neurosci 30:11688-11695.

Bohbot VD, Kalina M, Stepankova K, Spackova N, Petrides M,
Nadel L. 1998. Spatial memory deficits in patients with lesions to
the right hippocampus and to the right parahippocampal cortex.
Neuropsychologia 36:1217-1238.

Brewer WE. 1986. What is autobiographical memory? In: Rubin DC,
editor. Autobiographical Memory. Cambridge, UK.: Cambridge
University Press. pp 25-49.

Brewer WE 1995. What is recollective memory? In: Rubin DC, edi-
tor. Remembering our Past: Studies in Autobiographical Memory.
Cambridge, England: Cambridge University Press. pp 19-66.

Buckner RL. 2010. The role of the hippocampus in prediction and
imagination. Annu Rev Psychol 61:27-48, C1-C8.

Cabeza R, Ciaramelli E, Olson IR, Moscovitch M. 2008. The parietal
cortex and episodic memory: An attentional account. Nat Rev
Neurosci 9:613-625.

Ciaramelli E, Grady CL, Moscovitch M. 2008. Top-down and
bottom-up attention to memory: A hypothesis (AtoM) on the role
of the posterior parietal cortex in memory retrieval. Neuropsycho-
logia 46:1828-1851.

Cipolotti L, Shallice T, Chan D, Fox N, Scahill R, Harrison G,
Stevens J, Rudge P. 2001. Long-term retrograde amnesia.the crucial
role of the hippocampus. Neuropsychologia 39:151-172.

Cohn M, Moscovitch M, Lahat A, McAndrews MP. 2009. Recollec-
tion versus strength as the primary determinant of hippocampal
engagement at retrieval. Proc Natl Acad Sci USA 106:22451-
22455.

Conway MA. 2009. Episodic memories. Neuropsychologia 47:2305—
2313.

Conway MA, Loveday C. 2010. Accessing autobiographical memories.
In: Mace JH, editor. The Act of Remembering: Toward an Under-
standing of How we Recall the Past. Malden, MA: Wiley-Black-
well. pp 56-70.

Coward LA. 2010. The hippocampal system as the cortical resource
manager: A model connecting psychology, anatomy and physiol-
ogy. Adv Exp Med Biol 657:315-364.

Daselaar SM, Rice HJ, Greenberg DL, Cabeza R, LaBar KS, Rubin
DC. 2008. The spatiotemporal dynamics of autobiographical
memory: Neural correlates of recall, emotional intensity, and reliv-
ing. Cereb Cortex 18:217-229.

Derdikman D, Moser EI. 2010. A manifold of spatial maps in the
brain. Trends Cogn Sci 14:561-569.

Djordjevic J, Smith ML, Sziklas V, Piper D, Penicaud S, Jones-
Gotman M. 2010. The Story Learning and Memory (SLAM) test:
Equivalence of three forms and sensitivity to left temporal lobe
dysfunction. Epilepsy Behav 20:518-523.

Eichenbaum H. 2004. Hippocampus: cognitive processes and neural
representations that underlie declarative memory. Neuron 44:109—
120.

Eichenbaum H, Lipton PA. 2008. Towards a functional organization
of the medial temporal lobe memory system: Role of the parahip-
pocampal and medial entorhinal cortical areas. Hippocampus 18:
1314-1324.

Eichenbaum H, Otto T, Cohen NJ. 1992. The hippocampus—what
does it do? Behav Neural Biol 57:2-36.

Hippocampus



574 ST-LAURENT ET AL.

Eichenbaum H, Yonelinas AP, Ranganath C. 2007. The medial tem-
poral lobe and recognition memory. Annu Rev Neurosci 30:123—
152.

Epstein R, Kanwisher N. 1998. A cortical representation of the local
visual environment. Nature 392:598-601.

Epstein RA. 2008. Parahippocampal and retrosplenial contributions to
human spatial navigation. Trends Cogn Sci 12:388-396.

Frisk V, Milner B. 1990. The role of the left hippocampal region in
the acquisition and retention of story content. Neuropsychologia
28:349-359.

Furman O, Dorfman N, Hasson U, Davachi L, Dudai Y. 2007. They
saw a movie: Long-term memory for an extended audiovisual nar-
rative. Learn Mem 14:457-467.

Furman O, Mendelsohn A, Dudai Y. 2012. The episodic engram
transformed: Time reduces retrieval-related brain activity but corre-
lates it with memory accuracy. Learn Mem 19:575-587.

Gilboa A, Winocur G, Grady CL, Hevenor S], Moscovitch M. 2004.
Remembering our past: functional neuroanatomy of recollection of
recent and very remote personal events. Cereb Cortex 14:1214-1225.

Gilboa A, Winocur G, Rosenbaum RS, Poreh A, Gao F, Black SE,
Westmacott R, Moscovitch M. 2006. Hippocampal contributions
to recollection in retrograde and anterograde amnesia. Hippocam-
pus 16:966-980.

Glosser G, Deutsch GK, Cole LC, Corwin J, Saykin AJ. 1998. Differ-
ential lateralization of memory discrimination and response bias in
temporal lobe epilepsy patients. ] Int Neuropsychol Soc 4:502-511.

Grammaldo LG, Giampa T, Quarato PP, Picardi A, Mascia A,
Sparano A, Meldolesi GN, Sebastiano E Esposito V, Di Gennaro
G. 20006. Lateralizing value of memory tests in drug-resistant tem-
poral lobe epilepsy. Eur J Neurol 13:371-376.

Greenberg DL, Eacott MJ, Brechin D, Rubin DC. 2005. Visual
memory loss and autobiographical amnesia: a case study. Neuro-
psychologia 43:1493-1502.

Greenberg DL, Rubin DC. 2003. The neuropsychology of autobio-
graphical memory. Cortex 39:687-728.

Hassabis D, Kumaran D, Vann SD, Maguire EA. 2007. Patients with
hippocampal amnesia cannot imagine new experiences. Proc Natl
Acad Sci USA 104:1726-1731.

Hassabis D, Maguire EA. 2007. Deconstructing episodic memory
with construction. Trends Cogn Sci 11:299-306.

Hassabis D, Maguire EA. 2009. The construction system of the brain.
Philos Trans R Soc Lond B Biol Sci 364:1263-1271.

Hasson U, Furman O, Clark D, Dudai Y, Davachi L. 2008.
Enhanced intersubject correlations during movie viewing correlate
with successful episodic encoding. Neuron 57:452-462.

Helmstaedter C, Grunwald T, Lehnertz K, Gleissner U, Elger CE.
1997. Differential involvement of left temporolateral and temporo-
mesial structures in verbal declarative learning and memory: evi-
dence from temporal lobe epilepsy. Brain Cogn 35:110-131.

Herfurth K, Kasper B, Schwarz M, Stefan H, Pauli E. 2010. Autobio-
graphical memory in temporal lobe epilepsy: Role of hippocampal
and temporal lateral structures. Epilepsy Behav 19:365-371.

Honey CJ, Thesen T, Donner TH, Silbert L], Carlson CE, Devinsky
O, Doyle WK, Rubin N, Heeger DJ, Hasson U. 2012. Slow corti-
cal dynamics and the accumulation of information over long time-
scales. Neuron 76:423-434.

Insausti R, Amaral DG, Cowan WM. 1987. The entorhinal cortex of
the monkey: II. Cortical afferents. ] Comp Neurol 264:356-395.
Jones-Gotman M, Milner B. 1978. Right temporal-lobe contribution
to image-mediated verbal learning. Neuropsychologia 16:61-71.
Kapur N. 1999. Syndromes of retrograde amnesia: A conceptual and

empirical synthesis. Psychol Bull 125:800-825.

Keller SS, Roberts N. 2008. Voxel-based morphometry of temporal

lobe epilepsy: An introduction and review of the literature. Epilep-

sia 49:741-757.

Hippocampus

Kirwan CB, Bayley PJ, Galvan VV, Squire LR. 2008. Detailed recol-
lection of remote autobiographical memory after damage to the
medial temporal lobe. Proc Natl Acad Sci USA 105:2676-2680.

Kurby CA, Zacks JM. 2008. Segmentation in the perception and
memory of events. Trends Cogn Sci 12:72-79.

Lah S, Grayson S, Lee T, Miller L. 2004. Memory for the past after
temporal lobectomy: Impact of epilepsy and cognitive variables.
Neuropsychologia 42:1666-1679.

Lamorisse A. 1956. Le Ballon Rouge [Motion Picture]. France: Films
Montsouris.

Levine B, Svoboda E, Hay JE Winocur G, Moscovitch M. 2002.
Aging and autobiographical memory: Dissociating episodic from
semantic retrieval. Psychol Aging 17:677-689.

Litman L, Awipi T, Davachi L. 2009. Category-specificity in the
human medial temporal lobe cortex. Hippocampus 19:308-319.
Maguire EA, Vargha-Khadem F, Hassabis D. 2010. Imagining ficti-
tious and future experiences: Evidence from developmental amne-

sia. Neuropsychologia 48:3187-3192.

Maguire EA, Vargha-Khadem E Mishkin M. 2001. The effects of
bilateral hippocampal damage on fMRI regional activations and
interactions during memory retrieval. Brain 124:1156-1170.

Mathern GW, Babb TL, Leite JB, Pretorius K, Yeoman KM, Kuhlman
PA. 1996. The pathogenic and progressive features of chronic
human hippocampal epilepsy. Epilepsy Res 26:151-161.

McAndrews MP. 2012. Remote memory in temporal lobe epilepsy. In:
Zeman A, Kapur N, Jones-Gotman M, editors. Epilepsy and
Memory. Oxford, UK: Oxford University Press.

McAndrews MP, Cohn M. 2012. Neuropsychology in temporal lobe
epilepsy: influences from cognitive neuroscience and functional
neuroimaging. Epilepsy Res Treat 2012:925238.

McClelland JL, McNaughton BL, O'Reilly RC. 1995. Why there are
complementary learning systems in the hippocampus and neocor-
tex: Insights from the successes and failures of connectionist mod-
els of learning and memory. Psychol Rev 102:419-457.

McCormick C, St-Laurent M, Ty A, Valiante T, McAndrews MP.
Functional and effective hippocampal-neocortical connectivity dur-
ing construction and elaboration of autobiographical memory
retrieval. Cereb Cortex (in press).

McGraw KO, Wong SP. 1996. Forming inferences about some intra-
class correlation coefficients. Psychol Methods 1:30—46.

Moran NFE Lemieux L, Kitchen ND, Fish DR, Shorvon SD. 2001.
Extrahippocampal temporal lobe atrophy in temporal lobe epilepsy
and mesial temporal sclerosis. Brain 124:167-175.

Morris RG, Abrahams S, Baddeley A, Polkey CE. 1995. Doors and
people: Visual and vernal memory after unilateral temporal lobec-
tomy. Neuropsychology 9:464—469.

Morris RG, Pickering A, Abrahams S, Feigenbaum JD. 1996. Space
and the hippocampal formation in humans. Brain Res Bull 40:
487-490.

Moscovitch DA, McAndrews MP. 2002. Material-specific deficits in
"remembering" in patients with unilateral temporal lobe epilepsy
and excisions. Neuropsychologia 40:1335-1342.

Moscovitch M. 1992. Memory and working with memory: A compo-
nent process model based on modules and central systems. ] Cogn
Neurosci 4:257-267.

Moscovitch M. 2008. The hippocampus as a "stupid," domain-
specific module: Implications for theories of recent and remote
memory, and of imagination. Can J Exp Psychol 62:62-79.

Moscovitch M. 2012a. The contribution of research on autobiographi-
cal memory to past and present theories of memory consolidation.
In: Bernsten R, Rubin DC, editors. Understanding Autobiographi-
cal Memory: Theories and Approaches. Cambridge, UK: Cam-
bridge University Press.

Moscovitch M. 2012b. Memory before and after H.M.: An impres-
sionistic historical perspective. In: Zeman A, Kapur N, Jones-Got-
man M, editors. Epilepsy and Memory. Oxford, U.K: Oxford
University Press.



Moscovitch M, Nadel L. 1998. Consolidation and the hippocampal
complex revisited: in defense of the multiple-trace model. Curr
Opin Neurobiol 8:297-300.

Moscovitch M, Rosenbaum RS, Gilboa A, Addis DR, Westmacott R,
Grady C, McAndrews MD, Levine B, Black S, Winocur G, Nadel
L. 2005. Functional neuroanatomy of remote episodic, semantic
and spatial memory: A unified account based on multiple trace
theory. J Anat 207:35-66.

Nadel L, Moscovitch M. 1997. Memory consolidation, retrograde amne-
sia and the hippocampal complex. Curr Opin Neurobiol 7:217-227.

Neisser U, Winograd E, Bergman ET, Schreiber CA, Palmer SE,
Weldon MS. 1996. Remembering the earthquake: direct experience
vs. hearing the news. Memory 4:337-357.

Noulhiane M, Piolino P, Hasboun D, Clemenceau S, Baulac M,
Samson S. 2007. Autobiographical memory after temporal lobe
resection: Neuropsychological and MRI volumetric findings. Brain
130:3184-3199.

Noulhiane M, Piolino B, Hasboun D, Clemenceau S, Baulac M, Samson
S. 2008. Autonoetic consciousness in autobiographical memories
after medial temporal lobe resection. Behav Neurol 19:19-22.

Park L, St-Laurent M, McAndrews MP, Moscovitch M. 2011. The
immediacy of recollection: The use of the historical present in nar-
ratives of autobiographical episodes by patients with unilateral tem-
poral lobe epilepsy. Neuropsychologia 49:1171-1176.

Pennebaker JW, Chung CK, Ireland M, Gonzalez A, Booth R]J. 2007.
The Development and Psychometric Properties of LIWC2007.
[software manual]. LIWC.net, Austin, TX.

Piolino P, Desgranges B, Eustache E 2009. Episodic autobiographical
memories over the course of time: Cognitive, neuropsychological
and neuroimaging findings. Neuropsychologia 47:2314-2329.

Poppenk J, Evensmoen HR, Moscovitch M, Nadel L. 2013. Long-axis
specialization of the human hippocampus. Trends Cogn Sci 17:
230-240.

Poppenk J, Moscovitch M. 2011. A hippocampal marker of recollec-
tion memory ability among healthy young adults: Contributions of
posterior and anterior segments. Neuron 72:931-937.

Rabin JS, Gilboa A, Stuss DT, Mar RA, Rosenbaum RS. 2010. Com-
mon and unique neural correlates of autobiographical memory and
theory of mind. ] Cogn Neurosci 22:1095-1111.

Race E, Keane MM, Verfaellie M. 2011. Medial temporal lobe dam-
age causes deficits in episodic memory and episodic future thinking
not attributable to deficits in narrative construction. ] Neurosci 31:
10262-10269.

Radvansky GA, Copeland DE, Zwaan RA. 2005. A novel study:
Investigating the structure of narrative and autobiographical mem-
ories. Memory 13:796-814.

Ranganath C. 2010. A unified framework for the functional organiza-
tion of the medial temporal lobes and the phenomenology of epi-
sodic memory. Hippocampus 20:1263-1290.

Rausch R, Babb TL. 1993. Hippocampal neuron loss and memory
scores before and after temporal lobe surgery for epilepsy. Arch
Neurol 50:812-817.

Rosenbaum RS, Gilboa A, Levine B, Winocur G, Moscovitch M.
2009. Amnesia as an impairment of detail generation and binding:
Evidence from personal, fictional, and semantic narratives in K.C.
Neuropsychologia 47:2181-2187.

Rosenbaum RS, Kohler S, Schacter DL, Moscovitch M, Westmacott
R, Black SE, Gao F, Tulving E. 2005. The case of K.C.: Contribu-
tions of a memory-impaired person to memory theory. Neuropsy-
chologia 43:989-1021.

Rosenbaum RS, Moscovitch M, Foster JK, Schnyer DM, Gao F
Kovacevic N, Verfaellie M, Black SE, Levine B. 2008. Patterns of
autobiographical memory loss in medial-temporal lobe amnesic
patients. ] Cogn Neurosci 20:1490-1506.

Rubin DC, Greenberg DL. 1998. Visual memory-deficit amnesia: A
distinct amnesic presentation and etiology. Proc Natl Acad Sci

USA 95:5413-5416.

MTLE AND PERCEPTUAL RICHNESS OF COMPLEX MEMORIES

575

Rubin DC, Schrauf RW, Greenberg DL. 2003. Belief and recollection
of autobiographical memories. Mem Cognit 31:887-901.

Rugg MD, Vilberg KL. 2013. Brain networks underlying episodic
memory retrieval. Curr Opin Neurobiol 23:255-260.

Saling MM. 2009. Verbal memory in mesial temporal lobe epilepsy:
Beyond material specificity. Brain 132:570-582.

Sass KJ, Buchanan CP, Kraemer S, Westerveld M, Kim JH, Spencer
DD. 1995. Verbal memory impairment resulting from hippocam-
pal neuron loss among epileptic patients with structural lesions.
Neurology 45:2154-2158.

Schacter DL, Addis DR. 2009. On the nature of medial temporal
lobe contributions to the constructive simulation of future events.
Philos Trans R Soc Lond B Biol Sci 364:1245-1253.

Scoville WB, Milner B. 1957. Loss of recent memory after bilateral
hippocampal lesions. ] Neurol Neurosurg Psychiatry 20:11-21.
Seidl U, Lueken U, Thomann PA, Geider J, Schroder J. 2011. Auto-
biographical memory deficits in Alzheimer’s disease. ] Alzheimers

Dis 27:567-574.

Smith ML, Milner B. 1989. Right hippocampal impairment in the
recall of spatial location: Encoding deficit or rapid forgetting? Neu-
ropsychologia 27:71-81.

Spiers HJ, Maguire EA, Burgess N. 2001. Hippocampal amnesia.
Neurocase 7:357-382.

Spreen O, Strauss E. 1991. A Compendium of Neuropsychological
Tests: Administration, Norms and Commentary. NY: Oxford Uni-
versity Press.

Squire LR. 1992. Memory and the hippocampus: A synthesis from
findings with rats, monkeys, and humans. Psychol Rev 99:195-
231.

St-Laurent M, McCormick C, Cohn M, Misic B, Giannoylis I,
McAndrews MP. 2014. Using multivariate data reduction to pre-
dict postsurgery memory decline in patients with mesial temporal
lobe epilepsy. Epilepsy Behav 31, 220-227.

St-Laurent M, Moscovitch M, Levine B, McAndrews MP 2009.
Determinants of autobiographical memory in patients with unilat-
eral temporal lobe epilepsy or excisions. Neuropsychologia 47:
2211-2221.

St-Laurent M, Moscovitch M, Tau M, McAndrews MP. 2011. The
temporal unraveling of autobiographical memory narratives in
patients with temporal lobe epilepsy or excisions. Hippocampus
21:409-421.

St Jacques P, Conway M, Lowder MW, Cabeza R. 2011a. Two Ways
of Accessing the Personal Past: An fMRI Study Examining the
Functional Connectivity of the Hippocampus During Autobio-
graphical Memory Retrieval. Cognitive Neuroscience Society Con-
ference, San Francisco, CA.

St Jacques PL, Kragel PA, Rubin DC. 2011b. Dynamic neural net-
works supporting memory retrieval. Neuroimage 57:608-616.

St Jacques PL, Rubin DC, Cabeza R. 2012. Age-related effects on the
neural correlates of autobiographical memory retrieval. Neurobiol
Aging 33:1298-1310.

Steinvorth S, Levine B, Corkin S. 2005. Medial temporal lobe struc-
tures are needed to re-experience remote autobiographical memo-
ries: Evidence from H.M. and W.R. Neuropsychologia 43:479—
496.

Strauss E, Sherman EMS, Spreen O. 2006. A Compendium of Neuro-
psychological Tests: Administration, Norms, and Commentary, 3rd
ed. NY: Oxford University Press. pp 1216.

Suzuki WA. 2010. Untangling memory from perception in the medial
temporal lobe. Trends Cogn Sci 14:195-200.

Svoboda E, McKinnon MC, Levine B. 2006. The functional neuroan-
atomy of autobiographical memory: a meta-analysis. Neuropsycho-
logia 44:2189-2208.

Swallow KM, Barch DM, Head D, Maley CJ, Holder D, Zacks JM.
2011. Changes in events alter how people remember recent infor-
mation. ] Cogn Neurosci 23:1052-1064.

Hippocampus



576 ST-LAURENT ET AL.

Teyler TJ, DiScenna P 1986. The hippocampal memory indexing
theory. Behav Neurosci 100:147-154.

Teyler TJ, Rudy JW. 2007. The hippocampal indexing theory and
episodic memory: updating the index. Hippocampus 17:1158—
1169.

Tulving E. 1985. Memory and consciousness. Can Psychol 26:1—
12.

Tulving E. 2002. Episodic memory: From mind to brain. Annu Rev
Psychol 53:1-25.

Viard A, Desgranges B, Eustache E Piolino P. 2012. Factors affecting
medial temporal lobe engagement for past and future episodic
events: An ALE meta-analysis of neuroimaging studies. Brain Cogn
80:111-125.

Viskontas IV, McAndrews MP, Moscovitch M. 2000. Remote episodic
memory deficits in patients with unilateral temporal lobe epilepsy
and excisions. ] Neurosci 20:5853-5857.

Voltzenlogel V, Despres O, Vignal JB Kehrli P, Manning L. 2007.
One-year postoperative autobiographical memory following unilat-
eral temporal lobectomy for control of intractable epilepsy. Epilep-
sia 48:605-608.

Hippocampus

Voltzenlogel V, Despres O, Vignal JP, Steinhoff BJ, Kehrli B, Manning
L. 2006. Remote memory in temporal lobe epilepsy. Epilepsia 47:
1329-1336.

Warrington EK. 1984. Recogniton Memory Test: Manual. Berkshire,
UK: NFER-Nelson.

Wechsler D. 2009. Wechsler Memory Scale, 4th ed. San Antonio,
TX: Pearson.

Wheeler MA, Stuss DT, Tulving E. 1997. Toward a theory of episodic
memory: the frontal lobes and autonoetic consciousness. Psychol

Bull 121:331-354.

Winocur G, Moscovitch M. 2011. Memory transformation and sys-
tems consolidation. J Int Neuropsychol Soc 17:766-780.

Yonelinas AP, Aly M, Wang WC, Koen JD. 2010. Recollection and
familiarity: Examining controversial assumptions and new direc-

tions. Hippocampus 20:1178-1194.
Zacks JM, Speer NK, Vettel JM, Jacoby LL. 2006. Event understand-

ing and memory in healthy aging and dementia of the Alzheimer

type. Psychol Aging 21:466-482.



