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Abstract and Keywords

The results of functional neuroimaging studies of autobiographical memory can
inform our understanding of the neural correlates of recollection in several
ways. First, autobiographical memory typically involves an integration of
episodic and semantic memories, and thus, the extent of recollection during
autobiographical memory retrieval varies depending on the relative contribution
of these two forms of memory. Second, autobiographical memory construction
involves a protracted retrieval time that allows for the examination of the
multiple retrieval processes mediating recollection. Third, properties that might
modulate recollection processes, such as emotion, vividness, and remoteness are
more easily examined at the upper boundary in autobiographical memory. This
chapter focuses on these three domains where functional neuroimaging studies
of autobiographical memory can make unique contributions to our
understanding of the complex nature of recollection. Before turning to these
domains, the main functional neuroimaging methods for investigating
autobiographical memory are first reviewed, which differ primarily in their
ability to elicit recollection.

Keywords: functional neuroimaging studies, autobiographical memory, episodic memory, semantic
memory, recollection

Autobiographical memory refers to memory for events from our own life.
Compared with retrieval associated with laboratory memory, or memory for
simple stimuli encoded in the controlled environment of the laboratory (e.g.,
word lists), retrieval of memories from our own life provides a greater range of

Page 1 of 39

PRINTED FROM OXFORD SCHOLARSHIP ONLINE (oxford.universitypressscholarship.com). (c) Copyright Oxford University Press,
2021. All Rights Reserved. An individual user may print out a PDF of a single chapter of a monograph in OSO for personal use.
Subscriber: Duke University; date: 23 November 2021


https://oxford.universitypressscholarship.com/view/10.1093/acprof:oso/9780195340792.001.0001/acprof-9780195340792
https://oxford.universitypressscholarship.com/view/10.1093/acprof:oso/9780195340792.001.0001/acprof-9780195340792
https://www.universitypressscholarship.com/search?f_0=keywords&q_0=functional neuroimaging studies
https://www.universitypressscholarship.com/search?f_0=keywords&q_0=autobiographical memory
https://www.universitypressscholarship.com/search?f_0=keywords&q_0=episodic memory
https://www.universitypressscholarship.com/search?f_0=keywords&q_0=semantic memory
https://www.universitypressscholarship.com/search?f_0=keywords&q_0=semantic memory
https://www.universitypressscholarship.com/search?f_0=keywords&q_0=recollection

Neural Basis of Autobiographical Memory

the many factors that affect recollection, or the recovery of contextual details
and the associated sense of reexperiencing. Thus, the results of functional
neuroimaging studies of autobiographical memory can inform our understanding
of the neural correlates of recollection in several ways. First, autobiographical
memory typically involves an integration of episodic and semantic memories,
and thus, the extent of recollection during autobiographical memory retrieval
varies depending on the relative contribution of these two forms of memory.
Second, autobiographical memory construction involves a protracted retrieval
time that allows the examination of the multiple retrieval processes mediating
recollection. Third, properties that might modulate recollection processes, such
as emotion, vividness, and remoteness are more easily examined at the upper
boundary in autobiographical memory. The present review focuses on these
three domains where functional neuroimaging studies of autobiographical
memory can make unique contributions to our understanding of the complex
nature of recollection. Before turning to these domains, we first review the main
functional neuroimaging methods for investigating autobiographical memory,
which differ primarily in their ability to elicit recollection.

Functional Neuroimaging Methods for Investigating Autobiographical
Memory

Although there are several methodological challenges in functional
neuroimaging studies of autobiographical memory (for review, see Maguire,
2001; also see Svoboda, McKinnon, & Levine, 2006), the modification of existing
techniques (p.189) and the advance of new methodologies has resulted in an
explosion in the number of functional neuroimaging studies of autobiographical
memory in recent years. Four main methods have been used to investigate
autobiographical memory using functional neuroimaging (see Table 8.1; for
review, see Cabeza & St. Jacques, 2007). First, in the generic cues method,
autobiographical memories are generated from novel retrieval cues (e.g., table;
Crovitz & Schiffman, 1974). Although the memories elicited by generic cues are
not necessarily emotional or significant, they tend to be “fresh,” unrehearsed
memories. Thus, online ratings of reliving, the sense of reexperiencing, and
other phenomenological properties associated with memory retrieval during
scanning are more consistent with the ongoing experience. Also, because
retrieval in the scanner is protracted and is not contaminated by recent retrieval
attempts, memory search processes can be investigated more easily (e.g.,
Daselaar et al., 2008; St. Jacques, Rubin, & Cabeza, 2010; St. Jacques, Botzung,
Miles, & Rubin, 2011).

Table 8.1. Main Methods of Eliciting Autobiographical Memory in
Functional Neuroimage
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Neural Basis of Autobiographical Memory

Method

Generic cues

Advantage

Retrieval during scanning is not

contaminated by recent
retrieval episodes

Memory search processes can
be investigated

Typically unpracticed “fresh”
memories

Disadvantage

Less control over the age
and content of the memory
Memory search requires
longer retrieval times
Difficult to access memory
accuracy

Prescan More control over the age and Retrieval during scanning is
interview content of the memory contaminated by the
Shorter trials can be used prescan session
Memory search processes
cannot be investigated
Difficult to access memory
accuracy
Independent Retrieval during scanning is not Variability in ability to
sources contaminated by recent remember the events
retrieval episodes selected
More control over the age and  Difficult to access memory
content of the memory accuracy
Prospective = Retrieval during scanning is not Impractical to investigate
method contaminated by recent remote memories

retrieval episode

Greater control over the age
and content of the memory
Retrieval accuracy can be
accessed

Some methods interfere
with the natural encoding of
events

(p.190) Second, in the prescan interview method, autobiographical memories
are elicited by cues that refer to specific events (e.g., visiting the London Eye)
collected prior to the scanning session (e.g., Maguire, Henson, Mummery, &
Frith, 2001). The memories retrieved in the scanner can be controlled using
prescan ratings (e.g., age of the memory, emotion, vividness), and trials are
often shorter because retrieval cues identify particular memories. The main
disadvantage with this method is that the additional retrieval practice may alter
the original phenomenological properties of the memories, but this problem
might be attenuated by interposing a substantial time interval between prescan
and scanning sessions (e.g., Maguire & Mummery, 1999).

Third, in the independent sources method, autobiographical memory cues are
generated by relatives or friends (e.g., Gilboa, Winocur, Grady, Hevenor, &
Moscovitch, 2004). This method combines the advantages of the foregoing two
methods, in that it tends to elicit unrehearsed memories and additional
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Neural Basis of Autobiographical Memory

information provided by the sources can constrain the types of memories
recalled during scanning. One disadvantage is that participants might have
trouble remembering the event provided by the sources; however, this can also
be seen as an advantage by providing greater variability in the amount of
memory details and the phenomenological properties under investigation (e.g.,
vividness, reliving).

Finally, in the prospective method, participants are asked to keep a record of
events in their lives to be used as retrieval cues in the scanner (e.g., Cabeza et
al., 2004). The main advantage of the prospective method is that it allows
accuracy assessment, which is important given that brain activity in medial
temporal and other regions tends to vary as a function of retrieval accuracy
(e.g., Buckner & Wheeler, 2001). However, until recently, the main disadvantage
of the prospective method is that it might interfere with the natural encoding of
autobiographical memories. Using innovative camera technologies that employ
sensors and timers to automatically capture hundreds of photographs when
worn (e.g., SenseCam, ViconRevue), it is now possible to prospectively generate
idiosyncratic and visually rich retrieval cues that may be more effective in
eliciting autobiographical memories in the laboratory (e.g., St. Jacques, Conway,
Lowder, & Cabeza, 2011; St. Jacques, Conway, & Cabeza, 2010). An additional
advantage of these sensor-based camera technologies is that they are easier to
implement in special populations (e.g., children, patients; see Berry et al., 2007)
because they require minimal input from the user. A remaining disadvantage,
however, is that the prospective methods do not easily allow the study of remote
memories (i.e., decades old).

In sum, each of these four methods has advantages and disadvantages that can
influence the richness of recollection during retrieval. We discuss these
advantages and disadvantages in more detail as they relate to each of the
following sections.

Autobiographical Memory is an Integration of Episodic Memory and
Semantic Memory

There is much controversy regarding the components and nature of
autobiographical memory (e.g., Brewer, 1986, 1995; Larsen, 1992). On the one
hand, (p.191) autobiographical memory can be viewed as a distinct memory
system, although there is no consensus regarding which new terms should be
used (Brewer, 1995; Conway, 2005; Conway & Pleydell-Pearce, 2000). On the
other hand, autobiographical memory is closely related to both episodic memory,
which refers to memory for events with specific spatiotemporal coordinates and
their associated contextual details, and semantic memory, which refers to
factual information not tied to a specific place or time (Tulving, 1972, 1983).
Thus, autobiographical memory can be conceptualized as part of a continuum
between episodic memory and semantic memory (Barsalou, 1988; also see
Moscovitch et al., 2005). Like episodic memory, autobiographical memories

Page 4 of 39

PRINTED FROM OXFORD SCHOLARSHIP ONLINE (oxford.universitypressscholarship.com). (c) Copyright Oxford University Press,
2021. All Rights Reserved. An individual user may print out a PDF of a single chapter of a monograph in OSO for personal use.
Subscriber: Duke University; date: 23 November 2021


https://oxford.universitypressscholarship.com/view/10.1093/acprof:oso/9780195340792.001.0001/acprof-9780195340792-chapter-008#acprof-9780195340792-bibItem-008030
https://oxford.universitypressscholarship.com/view/10.1093/acprof:oso/9780195340792.001.0001/acprof-9780195340792-chapter-008#acprof-9780195340792-bibItem-008022
https://oxford.universitypressscholarship.com/view/10.1093/acprof:oso/9780195340792.001.0001/acprof-9780195340792-chapter-008#acprof-9780195340792-bibItem-008114
https://oxford.universitypressscholarship.com/view/10.1093/acprof:oso/9780195340792.001.0001/acprof-9780195340792-chapter-008#acprof-9780195340792-bibItem-008116
https://oxford.universitypressscholarship.com/view/10.1093/acprof:oso/9780195340792.001.0001/acprof-9780195340792-chapter-008#acprof-9780195340792-bibItem-008010
https://oxford.universitypressscholarship.com/view/10.1093/acprof:oso/9780195340792.001.0001/acprof-9780195340792-chapter-008#acprof-9780195340792-bibItem-008016
https://oxford.universitypressscholarship.com/view/10.1093/acprof:oso/9780195340792.001.0001/acprof-9780195340792-chapter-008#acprof-9780195340792-bibItem-008017
https://oxford.universitypressscholarship.com/view/10.1093/acprof:oso/9780195340792.001.0001/acprof-9780195340792-chapter-008#acprof-9780195340792-bibItem-008073
https://oxford.universitypressscholarship.com/view/10.1093/acprof:oso/9780195340792.001.0001/acprof-9780195340792-chapter-008#acprof-9780195340792-bibItem-008017
https://oxford.universitypressscholarship.com/view/10.1093/acprof:oso/9780195340792.001.0001/acprof-9780195340792-chapter-008#acprof-9780195340792-bibItem-008035
https://oxford.universitypressscholarship.com/view/10.1093/acprof:oso/9780195340792.001.0001/acprof-9780195340792-chapter-008#acprof-9780195340792-bibItem-008037
https://oxford.universitypressscholarship.com/view/10.1093/acprof:oso/9780195340792.001.0001/acprof-9780195340792-chapter-008#acprof-9780195340792-bibItem-008124
https://oxford.universitypressscholarship.com/view/10.1093/acprof:oso/9780195340792.001.0001/acprof-9780195340792-chapter-008#acprof-9780195340792-bibItem-008125
https://oxford.universitypressscholarship.com/view/10.1093/acprof:oso/9780195340792.001.0001/acprof-9780195340792-chapter-008#acprof-9780195340792-bibItem-008004
https://oxford.universitypressscholarship.com/view/10.1093/acprof:oso/9780195340792.001.0001/acprof-9780195340792-chapter-008#acprof-9780195340792-bibItem-008087

Neural Basis of Autobiographical Memory

comprise spatiotemporally unique memories that are associated with autonoetic
consciousness, or the sense of mental time travel to when the event occurred,
but similar to semantic memory, autobiographical memories also entail generic
personal facts and knowledge typically associated with noetic consciousness, or
simply knowing that events occurred (Tulving, 1985). Thus, autobiographical
memories are composed of episodic autobiographical memories, specific to time
and place, and semantic autobiographical memories, memories not located in
time (see Figure 8.1). Semantic autobiographical memories can also be divided
into two further categories: (a) autobiographical facts, concerning idiosyncratic
and shared cultural knowledge, and (b) repeated events, involving event-related
generic and schematic knowledge (e.g., Bartlett, 1932). Further complicating
these distinctions, a single episodic autobiographical memory can involve a
mixture of episodic autobiographical memories, semantic autobiographical
memories, and general semantic knowledge (e.g., Levine, Svoboda, Hay,
Winocur, & Moscovitch, 2002). For example, the episodic autobiographical
memory for a poster session might include a vivid image of a poster board
toppling to the ground (episodic) intermixed with details about one’s general
enjoyment in disseminating research (fact), details about the many poster

(p.192) sessions attended
(repeated events), and the I Autobiographical memory l
standard sequence of events of a

. . Episodic autobiographical | _ .| Semantic autobiographical
poster session (general semantic memory < memory
knowledge). In fact, episodic

. . . | Repeated I | Facts |
autobiographical memories and
semantic autobiographical [dosyncratic | [ Culual |
memories interact in several ways
during the construction of Figure 8.1. Organization of
autobiographical memory in both autobiographical memory:.
patients (e.g., Snowden, Griffiths, Autobiographical memory is an
& Neary, 1994, 1995, 1996) and integration of episodic autobiographical
healthy individuals (e.g., Berntsen memory, specific to time and place, and

& Rubin, 2004; Conway &
Pleydell-Pearce, 2000;
Westmacott, Leach, Freedman, &
Moscovitch, 2001). Thus,
autobiographical memory is

semantic autobiographical memory,
memories not located in time. Semantic
autobiographical memories can also be
divided into autobiographical facts,

neither purely episodic nor purely concerning idiosyncratic and shared
semantic, but is an integration of cultural knowledge, and repeated events,
both memory types (also see involving event-related generic and
Cabeza & St. Jacques, 2007; schematic knowledge.

Levine, 2004).
Common and Unique Neural
Activations in Autobiographical, Episodic, and Semantic Memory

Consistent with the idea that autobiographical memory has both shared
properties with episodic memory and semantic memory and unique properties,
functional neuroimaging studies have revealed both common and distinctive
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activations when comparing autobiographical memory retrieval to episodic
memory and to semantic memory (e.g., Burianova & Grady, 2007; Burianova,
MclIntosh, & Grady, 2010; Gilboa, 2004; Maguire & Mummery, 1999; for meta-
analyses, see Gilboa, 2004; McDermott, Szpunar, & Christ, 2009; Svoboda et al.,
2006). Both autobiographical memory and episodic memory studies often report
activations in prefrontal cortex (PFC), lateral parietal, posterior midline
(posterior cingulate, precuneus), and medial temporal lobe (MTL) regions,
whereas both autobiographical memory and semantic memory often report
activations in lateral temporal cortices (for a meta-analysis of episodic memory
and semantic memory imaging studies, see Cabeza & Nyberg, 2000). However,
differences in the frequencies of autobiographical memory and episodic memory
or semantic memory activations across studies are difficult to interpret unless
the several factors that tend to differ between these tasks are taken into account
(for some of these factors see Table 8.2). A meta-analysis (Gilboa, 2004), which
controlled several critical factors (e.g., test type), concluded that
autobiographical memory and episodic memory recruited similar preretrieval
regions involved in search processes, but led to distinct activations in subregions
of the PFC during postretrieval monitoring and verification. Whereas
autobiographical memory tasks typically activate the ventromedial PFC, which is
involved in the quick intuitive “felt rightness” (e.g., Moscovitch & Winocur,
2002), episodic memory recruited activity in the dorsolateral PFC, which is
involved in more elaborative monitoring. Thus, recollection process in
autobiographical memory might differ in important ways from episodic memory.

Very few studies have directly contrasted autobiographical memory and episodic
memory within the same study and most of them did not control for many of the
confounding factors. For example, in most of these studies autobiographical
memories were likely older than the episodic memories (e.g., Conway et al.,
1999; Fink et al., 1996; Greenberg et al., 2005; Maguire et al., 2001). One way of
exerting greater control over the factors that differ between autobiographical
memory and episodic memory is to use the prospective method to elicit (p.193)
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Neural Basis of Autobiographical Memory

Table 8.2. Factors That Tend to Differ Between Typical Autobiographical Memory and Episodic or Semantic Memory
Studies

Factors Autobiographical Memory Episodic Memory Semantic Memory Regions That Might Be
Affected

1. Test type Usually recall Usually recognition Usually recall Left vs. right PFC

2. Emotional content More Less Less Amygdala, medial PFC,
cortex

3. Visual/ spatial imagery More Less Less Visual cortex,
parahippocampal cortex,
precuneus

4. Age of memories Recent to remote Recent N/A Hippocampus

5. Retieval success Unknown Measured Measured MTL, PFC, parietal
cortex, etc.

6. Semantic memory More Less More Left PFC, parietal cortex,

content etc.

7. Episodic memory More More Less Hippocampus

content

8. Internal structure Complex, connected Simple, disconnected N/A PFC, parietal cortex,

events

9. Self-referential More Less None Medial PFC

processing

10. Context (time. space) More Less Less MTL, parietal cortex

Page 7 of 39

PRINTED FROM OXFORD SCHOLARSHIP ONLINE (oxford.universitypressscholarship.com). (c) Copyright Oxford University Press, 2021. All Rights Reserved. An individual user may print out a PDF
of a single chapter of a monograph in OSO for personal use. Subscriber: Duke University; date: 23 November 2021



Neural Basis of Autobiographical Memory

Factors Autobiographical Memory Episodic Memory Semantic Memory Regions That Might Be
Affected
11. Rehearsal More Less More Hippocampus

MTL = medial temporal lobe; N/A = not applicable; PFC = prefrontal cortex.
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Neural Basis of Autobiographical Memory

memories (Cabeza et al., 2004; Levine et al., 2004). For example, in a study using the
photo paradigm (Cabeza et al., 2004), participants took photographs in different
campus locations and were scanned with functional magnetic resonance imaging
(fMRI) while recognizing the photographs they took (autobiographical memory
condition) and similar photographs viewed previously in the laboratory (episodic
memory condition). This method controlled for differences in type of test (recognition
in both), emotional content (minimal in both), memories’ age (recent in both), retrieval
success (measured and similar in both), semantic memory (similar in both), and
internal structure (simple, disconnected events in both). With these six factors
controlled, autobiographical memory and episodic memory yielded very similar
activations in several brain regions, including right (p.194) dorsolateral PFC. It is
possible that when accuracy is assessed, retrieving autobiographical memories
involves the same kind of “elaborate monitoring” (e.g. Gilboa, 2004) usually engaged
by episodic memory. The two factors that were not controlled, visuospatial imagery
and self-referential processing, can account for greater activity for autobiographical
memory than for episodic memory in visual cortex and medial PFC, respectively (see
Figure 8.2A). Autobiographical memory also elicited greater activity in the
hippocampus, possibly reflecting richer recollection than in the episodic memory
condition. In this study, greater recollection for autobiographical memory than for
episodic memory probably reflected the fact that autobiographical memories were
encoded in the rich multisensory environment of the real world with the participant
controlling the picture-taking event, whereas episodic memories were encoded in the
impoverished environment of a computer screen with little self-involvement. Thus,
these results do not necessarily mean that recollection is always greater for
autobiographical memory than for episodic memory, and it is not difficult to imagine
situations in which the opposite could be the case.

Episodic AM Semantic AM

Figure 8.2. Comparing the unique and
common neural correlates of
autobiographical memory, episodic
memory, and semantic memory. (A) Visual
cortex activity was greater for
autobiographical memory compared with
episodic memory, when visuospatial
imagery was not controlled in the
prospective method (Cabeza et al., 2004).
(B) Autobiographical memory conditions
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Neural Basis of Autobiographical Memory

(p.195) Even fewer functional
neuroimaging studies have
directly compared
autobiographical memory and
semantic memory (Denkova,
Botzung, Scheiber, & Manning,
2006b; Graham, Lee, Brett, &
Patterson, 2003; Ryan et al.,
2001). One consistent
difference is that
autobiographical memory
retrieval is associated with
greater medial PFC activity
than semantic memory
retrieval. For example, in two
parallel studies, Denkova et al.
(2006Db) found that
autobiographical memories
triggered by nonverbal and
verbal cues elicited greater
activity in medial PFC (see
Figure 8.2B), when compared
with control conditions
involving a semantic
relatedness task or
identification of famous people,
respectively. The medial PFC is
frequently associated with self-
referential processing (e.g.,
Craik et al., 1999; Kelley et al.,
2002; Macrae, Moran,
Heatherton, Banfield, & Kelley,
2004) including self-related
judgments versus semantic
decisions (e.g., Johnson et al.,
2002), inference of mental
states to self versus other (for
review see Gallagher & Frith,
2003), and autobiographical
memory retrieval (for meta-
analysis, see Svoboda et al.,
2006). The greater involvement
of medial PFC in

elicited greater activity in the medial
prefrontal cortex (PFC) compared with
semantic memory for both nonverbal and
verbal cues (Denkova et al., 2006b). (C)
The amount of contextual details
modulated activity in the hippocampus
for both episodic autobiographical
memory and semantic autobiographical
memories (Addis, Moscovitch, et al.,
2004).

Non-Verbal Cue Verbal Cue

.L’«*ﬂr“’"

7 ..

Episodic AM Semantic AM

Figure 8.2. Comparing the unique and
common neural correlates of
autobiographical memory, episodic
memory, and semantic memory. (A) Visual
cortex activity was greater for
autobiographical memory compared with
episodic memory, when visuospatial
imagery was not controlled in the
prospective method (Cabeza et al., 2004).
(B) Autobiographical memory conditions
elicited greater activity in the medial
prefrontal cortex (PFC) compared with
semantic memory for both nonverbal and
verbal cues (Denkova et al., 2006b). (C)
The amount of contextual details
modulated activity in the hippocampus
for both episodic autobiographical
memory and semantic autobiographical
memories (Addis, Moscovitch, et al.,
2004).

autobiographical memory compared with semantic memory is consistent with
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Neural Basis of Autobiographical Memory

the importance of the self as a defining feature of autobiographical memory
(Conway & Pleydell-Pearce, 2000), and as a critical component in the
development of autobiographical memory (for review, see Howe, 2003).
Alternative theories of medial PFC suggest that this region is involved in internal
representation of thoughts and feelings (e.g., Simons, Owen, Fletcher, &
Burgess, 2005), which is likely to be recruited more during autobiographical
memory compared to semantic memory retrieval.

Common and Unique Neural Activations in Episodic Autobiographical Memory and
Semantic Autobiographical Memory

Few functional neuroimaging studies have directly compared episodic
autobiographical memory and semantic autobiographical memory, including
autobiographical facts and repeated events (Addis, Moscovitch, Crawley, &
McAndrews, 2004; Levine et al., 2004; Maguire & Mummery, 1999). The results
of these studies suggest that there is substantial overlap in the regions recruited
by episodic autobiographical memory and semantic autobiographical memory
(for meta-analysis, see Svoboda et al., 2006), but potential differences in the
involvement of typical recollection regions including subregions of the MTL (for
review see Diana, Yonelinas, & Ranganath, 2007), posterior cingulate/
retrosplenial and posterior parietal cortices (for review see Cabeza, Ciaramelli,
Olson, & Moscovitch, 2008; Wagner, Shannon, Kahn, & Buckner, 2005), and
frontal cortices (for review, see Rugg & Yonelinas, 2003).

Some studies have found that episodic autobiographical memories recruited (a)
greater activity in the hippocampus than semantic autobiographical memory
(facts) and semantic memory (Maguire & Mummery, 1999) and (b) greater
activity in the parahippocampal cortex (Levine et al., 2004) than semantic
autobiographical memories (repeated events) and semantic memory. These
results are consistent with evidence from patients with retrograde amnesia,
which suggest that the hippocampus is necessary for retrieving episodic
autobiographical memories but less (p.196) important for semantic
autobiographical memories (although see Bayley, Gold, Hopkins, & Squire, 2005;
for reviews, see Nadel & Moscovitch, 1997). On the other hand, it might not be
the type of memory per se that is critical in the engagement of MTL (Ryan, Cox,
Hayes, & Nadel, 2008), but rather the vividness associated with retrieval
(although see Bayley, Hopkins, & Squire, 2003; e.g., Steinvorth, Levine, &
Corkin, 2005). Indeed, it seems possible to vividly recollect both a unique,
episodic autobiographical memory of last year’s Christmas Eve, as well as a
more general semantic autobiographical memory of repeated Christmas Eves
spent at home. Consistent with this idea, Addis, Moscovitch, et al. (2004) found
that the level of detail, but not the type of memory retrieved (i.e., episodic
autobiographical memory or semantic autobiographical memory), modulated
activity in the hippocampus (see Figure 8.2C). However, retrieving many
contextual details for a semantic autobiographical memory might not be
equivalent to reliving a unique episodic autobiographical memory. Future
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Neural Basis of Autobiographical Memory

research is needed to directly examine the contribution of recollection in
episodic autobiographical memories and semantic autobiographical memories
that are composed of both repeated and autobiographical facts, as well as to
understand the contribution of episodic and semantic components in these
memories.

Episodic autobiographical memories were also found to recruit greater activity
in the posterior cingulate/retrosplenial cortex, which has direct anatomical
connections to the hippocampus (Kobayashi & Amaral, 2003) and is an area
where lesions can result in amnesia (e.g., Valenstein et al., 1987). For example,
Addis, Moscovitch, et al. (2004) found that episodic autobiographical memories
recruited greater activity in left posterior cingulate, albeit at a slightly lower
threshold, and were also given higher subjective ratings on the amount of detail,
compared with semantic autobiographical memories (repeated events).
Similarly, Levine et al. (2004) found that episodic autobiographical memories,
compared with repeated events and semantic memory, relied more on posterior
cingulate/retrosplenial cortices and tended to have higher subjective ratings of
vividness. Furthermore, activity in posterior cingulate cortices has also been
found to be sensitive to the amount of reliving associated with autobiographical
memory retrieval (Daselaar et al., 2008). Thus, greater activity here for episodic
autobiographical memories, compared with semantic autobiographical
memories, likely contributes to greater recollection.

Another region that has been found to show greater activity for episodic than
semantic autobiographical memory is the angular gyrus (roughly Brodmann area
39). Although this region is activated in most autobiographical memory
conditions (for a meta-analysis, see Svoboda et al., 2006), there is evidence that
the right angular gyrus is more activated for episodic autobiographical memory
than semantic autobiographical memory (Levine et al., 2004). Together with the
supramarginal gyrus (roughly Brodmann area 40), the angular gyrus is part of
the ventral parietal cortex, whereas intraparietal sulcus and the superior
parietal lobule (roughly Brodmann area 7) constitute the dorsal parietal cortex.
Although parietal lesions are not associated with severe autobiographical
memory deficits, recent studies have found that ventral parietal cortex regions
can produce significant (p.197) autobiographical memory deficits (Berryhill,
Phuong, Picasso, Cabeza, & Olson, 2007; Davidson et al., 2008). For example,
Berryhill et al. (2007) examined verbal recall of autobiographical memories in
patients with bilateral damage to ventral parietal cortices using the
autobiographical interview (e.g., Levine et al., 2002), which distinguishes
episodic and semantic components in autobiographical memory while varying
retrieval support. Compared with control subjects, they found that the parietal
patients were unable to spontaneously recover details, although they could
retrieve this information when provided with specific retrieval prompts. These
results are consistent with the attention to memory model (Cabeza, 2008;
Cabeza et al., 2008; Ciaramelli, Grady, & Moscovitch, 2008), which postulates
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Neural Basis of Autobiographical Memory

that during episodic retrieval, ventral parietal cortex mediates bottom-up
attentional processes captured by the retrieval output, whereas dorsal parietal
cortex mediates top-down attentional processes that control the retrieval search.
Thus, the greater involvement of parietal cortices in episodic autobiographical
memories could reflect increased attention to details recovered during retrieval
and lead to the enhanced specificity and richness associated with these events.

Finally, there is some evidence suggesting that episodic autobiographical
memories might recruit greater activity in medial PFC, a region associated with
self-referential processes and mental time travel (for reviews, see Buckner &
Carroll, 2007; Schacter, Addis, & Buckner, 2007; Wheeler, Stuss, & Tulving,
1997). For example, Levine et al. (2004) found that both episodic
autobiographical memories and semantic autobiographical memories (repeated
events) were associated with activity in the medial PFC, but episodic
autobiographical memories recruited greater activity in this region (also see
Maguire & Mummery, 1999). Levine et al. (2004) interpreted this finding by
suggesting that episodic autobiographical memories might involve a greater
sense of the self in subjective time or autonoetic awareness. These results fit
well with current definitions of episodic memory that focus on the importance of
autonoetic consciousness and the role of the frontal lobes in fulfilling this
capacity (Wheeler et al., 1997). Indeed, patients with degenerative damage to
the frontal lobes resulting from frontotemporal dementia were shown to be
impaired on autonoetic consciousness (Piolino et al., 2003) and focal lesion
studies have suggested that the sense of remembering (i.e., subjective reporting
of recollection) is supported by frontopolar regions that overlap with medial PFC
(Duarte, Ranganath, & Knight, 2005; Wheeler & Stuss, 2003).

Summary of the Integration of Episodic and Semantic Memory in Autobiographical
Memory

Functional neuroimaging studies are consistent with the idea that
autobiographical memory is an integration of episodic memory and semantic
memory, with substantial overlap in the pattern of activation across these
memory types. Potential differences between autobiographical memory and
episodic memory depend on which factors (i.e., Table 8.2) are controlled, such
that autobiographical memory tasks might not necessarily involve greater
recollection than episodic (p.198) memory tasks. Compared with semantic
memory, autobiographical memory tends to recruit greater activity in medial
PFC involved in greater internal and self-referential processing. Despite the
substantial overlap in the pattern of activation between episodic
autobiographical memory and semantic autobiographical memory, there are also
differences here in the typical recollection regions (i.e., MTL subregions,
parietal, and frontal cortices), which suggest the involvement of greater
recollection for episodic autobiographical memories compared with semantic
autobiographical memories. In sum, autobiographical memory is not
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Neural Basis of Autobiographical Memory

synonymous with recollection, but can vary according to the nature of the
comparison condition as well as the type of autobiographical memory elicited.

Autobiographical Memory Construction Involves a Protracted Retrieval
Length
Compared with laboratory memory, autobiographical memory retrieval typically

requires a protracted retrieval length possibly because of the complex
organization of autobiographical memories and the ways in which episodic
autobiographical memory and semantic autobiographical memory interact
during voluntary retrieval. It is generally agreed that autobiographical memories
are organized within a nested, hierarchical structure (Barsalou, 1988; Conway,
1990; Conway & Pleydell-Pearce, 2000; Linton, 1986; Schooler & Herrmann,
1992). The lowest level of the hierarchy might be an episodic event (e.g., visit to
the London Eye), nested in a more intermediate level that could involve repeated
(e.g., attending conferences) or extended events (e.g., two week vacation), which
are part of a higher-level hierarchy involving a longer period of time (e.g., when
I was in graduate school; see Figure 8.3). Thus, episodic autobiographical
memories are at the lowest level of this hierarchy, with extended and repeated
semantic autobiographical memories at higher levels. Within this framework,
higher levels provide access to lower levels in a top-down fashion, such that
providing participants with cues from higher levels facilitates retrieval of
episodic autobiographical memories (e.g., Conway & Bekerian, 1987), and
providing temporal structure (e.g., morning versus afternoon) can lead to more
accurate temporal ordering of episodic autobiographical memories (e.g., St.
Jacques, Rubin, Labar, & Cabeza, 2008). A single episodic autobiographical
memory, which represents the lowest or most specific level of the hierarchy, is
typically what we think of as autobiographical memory; however, there is
substantial evidence suggesting that semantic autobiographical memories are
the preferred level of recall (Barsalou, 1988; Burt, Kemp, & Conway, 2003;
Conway & Pleydell-Pearce, 2000). Conway and colleagues (Conway, 2005;
Conway & Pleydell-Pearce, 2000) suggest that this generic knowledge is the
basic level or entry point to autobiographical memories and that episodic
autobiographical memories are only accessed via additional generative or direct
retrieval processes. Generative retrieval is effortful and requires longer retrieval
times, whereas direct retrieval is effortless and requires shorter retrieval times.
In contrast to voluntary retrieval, episodic autobiographical memories can also
be retrieved involuntarily, where there is no conscious attempt at retrieval (for
review, (p.199)
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Neural Basis of Autobiographical Memory

see Berntsen, 2007). Functional
neuroimaging studies have
generally focused on voluntary,
generative retrieval.

In sum, construction of
autobiographical memory
involves the interaction of
semantic memory and episodic
memory, which guide and
support particular episodic
components to create a
coherent, richly recollected
narrative. Thus, the protracted
retrieval of episodic
autobiographical memories is
not surprising. The length of
autobiographical memory
construction is an advantage in
functional neuroimaging
studies, because it allows the
segregation of the time courses
of brain regions involved during
different stages of retrieval,
which is more difficult to
examine in laboratory memory.

Variability in the Length of
Autobiographical Memory
Retrieval

A

Lifetime
periods

Graduate .
Dallng B
2 week Attending
vacation conferences
Visit to the N Unigue
" London eye Meeting “B events

Figure 8.3. Autobiographical memories
are organized in a hierarchical, nested
structure, ranging from more semantic
(general) to more episodic (specific) and
including lifetime periods, which
represent general knowledge
characteristics of an extended duration of

Semantic
autobiographical
memory

Repeated
events

Episodic
autobiographical
memory

<l

time; repeated events, involving generic
episodes that represent the preferred
level of access to autobiographical
memory; and specific events, which are
unique episodic memories. Thus, the
retrieval of an autobiographical memory
can encompass a more general or specific
event.

Functional neuroimaging studies of autobiographical memory have used
retrieval lengths that have varied from a few seconds to minutes long (for a
meta-analysis, see Svoboda et al., 2006), but only a few have directly examined
activation differences related to differences in the length of retrieval (Addis,
MclIntosh, Moscovitch, Crawley, & McAndrews, 2004; Graham et al., 2003). For
example, using positron emission tomography (PET) imaging, Graham et al.
(2003) varied the length of time allotted to autobiographical memory retrieval
during PET scanning from 15 s (Study 2) to 30 s (Studies 1 and 3), and found a
greater proportion of specific autobiographical memories retrieved in the longer
retrieval time. Furthermore, they (p.200) found that activity in the middle
temporal cortices, a region involved in semantic knowledge, was initially
engaged in the left hemisphere for shorter retrieval lengths and was more right
lateralized for longer retrieval lengths (see Figure 8.4A). Similarly, a recent

meta-analysis (Svoboda et al., 2006) found that autobiographical memory studies
using shorter retrieval lengths (( 10 s) often found activity in left middle
temporal cortices, whereas, studies using longer retrieval lengths () 20 s) tended
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Neural Basis of Autobiographical Memory

to find activity in the right temporal cortex. Thus, allocating more time for
autobiographical memory retrieval should increase the amount and specificity of
the semantic information retrieved via the increasing involvement of middle
temporal cortices, which subsequently supports the retrieval of episodic

Study 1 Study 3 Study 2 Study 1 & 3 > study 2

30 s retrieval 15 s retrieval

Maintenance
.

Hippocampus

Figure 8.4. Autobiographical memory
involves a protracted retrieval length. (A)
Longer retrieval times recruited a more
right lateralized activity in the middle
temporal cortices and led to increased
retrieval of episodic autobiographical
memories (Graham et al., 2003). Red
shading indicates greater activation in
the right hemisphere (Studies 1 and 3),
and blue shading indicates greater
activation in the left hemisphere (Study
2). The temporal lobe is outlined in white.
(B) Activity in the hippocampus related to
memory access occurs early, whereas
visual cortex activity related to
maintenance and additional elaboration
of memory occurs late (Daselaar et al.,
2008).
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Neural Basis of Autobiographical Memory

(p.201) autobiographical
memories. In an fMRI study,
Addis, Mclntosh et al. (2004)
directly examined differences in
the time course of activity
between generic (repeated
autobiographical memories) and
unique (episodic autobiographical
memories) events collected in a
prescan interview. They found that
there were differences in the peak
of the time lags, with regions
associated with generic
autobiographical memories
peaking much earlier (2 to 4 s)
following the cue to elicit a
memory, whereas regions involved
in unique autobiographical
memories peaked later (6 to 8 s).
Thus, generic autobiographical
memories were accessed more
quickly than unique
autobiographical memories were.
The results of these studies are
consistent with theories of
autobiographical memory that
suggest that semantic
autobiographical memory is the
preferred level of access during
retrieval (e.g., Conway & Pleydell-
Pearce, 2000), and that with
increasing effort and subsequently
longer retrieval times, the
retrieval of more specific
information leading to an episodic
autobiographical memory and
richer recollection is more likely
(see Figure 8.3). However, there
are two important caveats to the

Study 1 Study 3 Study 2 Study 1 & 3 > study 2

30 s retrieval 15 s refrieval

Access Maintenance
'

Hippocampus

Figure 8.4. Autobiographical memory
involves a protracted retrieval length. (A)
Longer retrieval times recruited a more
right lateralized activity in the middle
temporal cortices and led to increased
retrieval of episodic autobiographical
memories (Graham et al., 2003). Red
shading indicates greater activation in
the right hemisphere (Studies 1 and 3),
and blue shading indicates greater
activation in the left hemisphere (Study
2). The temporal lobe is outlined in white.
(B) Activity in the hippocampus related to
memory access occurs early, whereas
visual cortex activity related to
maintenance and additional elaboration
of memory occurs late (Daselaar et al.,
2008).

assumption that longer retrieval lengths elicit episodic autobiographical memories: (a)
Retrieval of episodic autobiographical memories can fail (Barsalou, 1988; Conway,
2005); in which case, longer retrieval lengths would not reliably elicit episodic
autobiographical memories. And (b) retrieval of episodic autobiographical memories
can occur directly; in which case, a shorter retrieval length would be sufficient.

Whether generative or direct retrieval occurs likely depends on the method used

to elicit autobiographical memories (e.g., Table 8.1; for reviews, see Cabeza &
St. Jacques, 2007; Maguire, 2001). The generic cue method, which typically
requires long trials, likely involves more generative retrieval, whereas other
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Neural Basis of Autobiographical Memory

methods, such as the prospective method, which involves more recent memories,
or the prescan interview, where memories are initially retrieved prior to
scanning, might involve more direct retrieval. For example, in a recent meta-
analysis, Svoboda et al. (2006) found that fMRI studies using the prospective
method (e.g., Cabeza et al., 2004; Levine et al., 2004) failed to find activity in
lateral temporal cortices involved in semantic memory, which they interpreted as
evidence for greater direct retrieval processes. In order to precisely examine
brain regions that are recruited during successful generative versus direct
retrieval it might be necessary to acquire reaction time data.

Phases of Autobiographical Memory Retrieval

Several functional neuroimaging studies have sought to segregate the brain
regions involved during different phases of autobiographical memory retrieval
by using a self-paced design, in which participants indicate when a memory is
retrieved and then maintain or further elaborate on the memory. The self-paced
design has been used primarily to examine generative retrieval. For example,
using slow cortical potentials, Conway, Pleydell-Pearce, and Whitecross (2001)
found that left PFC regions came online early as participants searched for a cue,
whereas posterior temporal and occipital regions came online later during the
formation and maintenance of the retrieved memory (also see Conway, Pleydell-
Pearce, Whitecross, & (p.202) Sharpe, 2003). Similarly, in an fMRI study,
Botzung, Denkova, Ciuciu, Scheiber, and Manning (2008) showed that left PFC
peaked earlier than did left MTL regions. Thus, during the initial generative
search for a memory, left PFC regions supporting strategic retrieval are
involved, whereas when a specific memory is formed and held in mind, posterior
regions come online to support the retrieval of specific contextual details.

Although several studies have used the self-paced design (Botzung et al., 2008;
Conway et al., 2001; Daselaar et al., 2008; Steinvorth, Corkin, & Halgren, 2006),
none have examined the effects of response times to elicit an autobiographical
memory. According to models proposed by Conway and colleagues (e.g., Conway
& Pleydell-Pearce, 2000), direct retrieval should be associated with shorter
retrieval times than those for generative retrieval. Although the generic cue
method tends to engage generative retrieval processes, there is considerable
variance in the response times necessary to elicit an autobiographical memory.
Indeed, participants frequently note that sometimes the memory seemed to
appear effortlessly, whereas other times retrieval was more effortful. Future
research should address the impact of retrieval speed on the autobiographical
memory network.

Given the iterative nature of autobiographical memory, one interesting line of
research is to examine the common and unique activations involved during the
initial access of an autobiographical memory and the sustained elaboration of
that memory. For example, Steinvorth et al. (2006) examined fMRI activity
related to search and reminiscence periods and found a common pattern of
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Neural Basis of Autobiographical Memory

activity. However, they did not directly compare the activity between these two
phases. In contrast, Daselaar et al. (2008) compared activity related to accessing
an autobiographical memory to activity related to maintaining and elaborating
the memory. They found that the initial access period engaged frontal regions
involved in search (ventrolateral-PFC) and self-referential processes (medial
PFC), and posterior regions involved in accessing the memory trace (e.g.,
hippocampus, retrosplenial cortex), whereas the later period recruited regions
involved in the retrieval of contextual details (e.g., visual cortices, precuneus;
see Figure 8.4B).

Summary of Autobiographical Memory Construction

Autobiographical memory typically involves a protracted retrieval length,
especially when the generic cue method is employed, which is an advantage in
fMRI studies because it allows the segregation of the time courses of brain
regions involved during search, formation, and elaboration. Search has been
linked to brain regions involved in strategic retrieval that is guided by semantic
information (e.g., ventrolateral frontal and temporal cortices), formation to
accessing the memory trace (e.g., hippocampus), and elaboration to posterior
brain regions involved in the recovery of contextual details (e.g., precuneus and
visual cortices). Furthermore, brain regions supporting the retrieval of episodic
autobiographical memories peak much later than those regions supporting
retrieval of semantic autobiographical memories, with longer retrieval times
tending to elicit episodic autobiographical memories and shorter retrieval times
eliciting semantic autobiographical memories. However, some (p.203)
autobiographical memories are formed more quickly via direct retrieval, and
might reflect access of the memory trace. In sum, during generative retrieval,
longer search periods tend to elicit greater recollection in autobiographical
memory studies because episodic autobiographical memories can be accessed;
however, future research is needed to examine how the time course of activity
might differ in direct retrieval. In particular, dissecting the neural mechanisms
underlying autobiographical memory construction may be critical for
understanding developmental changes (e.g., St. Jacques, Rubin, & Cabeza,
2010).

Properties that Modulate Recollection in Autobiographical Memory

In laboratory memory, recollection can be modulated by the emotion, vividness,
and the remoteness associated with retrieved memories, and the same holds for
autobiographical memory retrieval (e.g., Dolcos, LaBar, & Cabeza, 2005;
Dudukovic & Knowlton, 2006; Wheeler & Buckner, 2004). Functional
neuroimaging studies of autobiographical memory allow us to more easily
investigate the extremities of each of these properties. Thus, we can examine a
very traumatic, vivid memory containing many details, which is decades old.
Examining these same aspects in laboratory memory would be very difficult
because of ethical and practical issues.
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Neural Basis of Autobiographical Memory

Emotion

Emotion, which varies along the two dimensions of valence, from positive to
negative, and arousal, from calm to excited (Bradley & Lang, 2000), is an
important component of autobiographical memory that imparts meaning to the
experiences in our lives and can lead to memorable—or even indelible—
memories. In laboratory memory, arousal enhances memory via the modulation
of memory encoding and consolidation processes in the hippocampus by the
amygdala (for reviews, see LaBar & Cabeza, 2006; Phelps, 2004) and may have
long-lasting effects (Ritchey, Dolcos, & Cabeza, 2008). A recent study (Botzung,
LaBar, Kragel, Miles & Rubin, 2010), which examined the influence of emotion
on encoding using naturalistic stimuli (i.e., a basketball game), confirms these
findings and suggests that encoding of more complex stimuli involves additional
recruitment of visual and social cognitive networks. There is growing evidence
that emotional arousal can also influence memory during retrieval (for review,
see Buchanan, 2007). For example, Dolcos, LaBar, and Cabeza (2005) found that
activity in the amygdala and hippocampus was greater for emotionally arousing
stimuli associated with recollection versus familiarity. They suggest that the
amygdala and hippocampus involve a “synergistic mechanism in which emotion
enhances recollection and recollection enhances emotion” (p. 2631). Thus, it
might be difficult to tease apart the effects of emotional arousal on the process
of retrieval versus the emotional response elicited by the products of retrieval
(Buchanan, 2007). Emotional valence can also influence memory by increasing
attention and controlled processes (p.204) during encoding mediated by
frontal cortices (e.g., Kensinger & Corkin, 2004), but there is less evidence
about the effects of valence during retrieval in laboratory memory studies,
perhaps because of difficulty in equating the arousal associated with positive
and negative memories. Consistent with the influence of emotion on laboratory
memory, autobiographical memories that are more arousing (Reisberg, Heuer,
McLean, & O’Shaugnessy, 1988; Talarico, LaBar, & Rubin, 2004) or positively
valenced (D’Argembeau, Comblain, & Van der Linden, 2003; Destun & Kuiper,
1999; Schaefer & Philippot, 2005) are also more richly recollected. Further, a
recent study found that positively valenced autobiographical memories were also
more accurate (Botzung, Rubin, Miles, Cabeza, & LaBar, 2010). However, very
few studies have directly investigated how the effects of emotion on richly
recollecting autobiographical memories are instantiated in the brain (for meta-
analysis, see Svoboda et al., 2006), and none have yet to examine the
contributions of discrete emotions (e.g., fear, anger, happiness).

Autobiographical memory retrieval is influenced by emotional intensity. For
example, Botzung, Rubin, et al. (2010) observed modulation of amygdala and
hippocampus by online ratings of emotional intensity associated with retrieving
complex memory for a basketball game. Similarly, Addis, Moscovtich, et al.
(2004) found that the emotional intensity associated with autobiographical
memory retrieval modulated activity in the hippocampus, although amygdala
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Neural Basis of Autobiographical Memory

activity was not directly observed (also see Maguire & Frith, 2003; St. Jacques,
Botzung et al., 2011; Viard et al., 2007). Further, in an fMRI study, Greenberg et
al. (2005) found greater amygdala-hippocampal interactions during
autobiographical memory compared with semantic memory. Activity in the
amygdala was also correlated with activity in right ventrolateral PFC, which
might suggest a possible interaction between the emotional response and
memory construction. Consistent with this idea, Daselaar et al. (2008) found that
emotional intensity influenced amygdala activity during the initial search for a
memory, but there was less of an effect here during elaboration or after a
memory was retrieved (see Figure 8.5A). They suggested that activity in
emotional brain regions should occur relatively early during the retrieval
process, if emotions signal appropriate actions (e.g. Leventhal & Scherer, 1987)
to guide construction. Emotional autobiographical memories are often
associated with a right lateralized or more bilateral pattern of activation
compared with the typical left-lateralized pattern (e.g., Denkova, Botzung,
Scheiber, & Manning, 2006a; Fink et al., 1996; Markowitsch et al., 2000;
Vandekerckhove, Markowitsch, Mertens, & Woermann, 2005), and patients with
damage to the right hemisphere recall less emotional autobiographical
memories (Cimino, Verfaellie, Bowers, & Heilman, 1991). Furthermore, evidence
from patients with damage to the amygdala also suggests that this region is
necessary for the recall of emotionally arousing autobiographical memories
(Buchanan, Tranel, & Adolphs, 2005, 2006).

The pattern of activity during autobiographical memory retrieval is also
influenced by emotional valence, with positive and negative autobiographical
memories leading to differential activity in subregions of the PFC (e.g., Botzung,
Rubin, et al., 2010). For example, in a PET study, Markowitsch, Vandekerckhovel,
Lanfermann, (p.203) (p.206)
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Neural Basis of Autobiographical Memory
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Figure 8.5. Properties that modulate
recollection during autobiographical
memory retrieval. (A) Emotion. Emotional
intensity influences amygdala activity
during the initial search for an
autobiographical memory (Daselaar et al.,
2008). (B) Vividness. Activity in the visual
cortex was positively correlated with
subjective ratings of reliving following
the formation of an autobiographical
memory (Daselaar et al., 2008). (C)
Remoteness. The hippocampus continues
to remain involved in vivid
autobiographical memories recruited
from recent to remote time periods (Viard
et al., 2007). P1 = 0-17 years; P2 = 18-30
years; P3 = )31 years, except for the past
5 years; P4 = past 5 years, except the
past 12 months; P5 = past 12 months.
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Neural Basis of Autobiographical Memory

and Russ (2003) asked
participants to retrieve happy or
sad autobiographical memories
associated with high emotional
intensity. Sad autobiographical
memories led to greater bilateral
activity in orbitofrontal cortex
(OFC), whereas happy
autobiographical memories
resulted in greater medial OFC
activity. Furthermore, greater left
hippocampal activity was found in
happy compared with sad
autobiographical memories,
consistent with behavioral results
of greater intensity felt for the
happy autobiographical memories,
perhaps relying on greater
recollection of these memories.
Similarly, in a blocked design fMRI
study, Piefke, Weiss, Zilles,
Markowitsch, and Fink (2003)
found that positive memories led
to greater activity in medial OFC
(also see Keedwell, Andrew,
Williams, Brammer, & Phillips,
2005; St. Jacques, Botzung, et al.,
2011). Thus, these results point to
the importance of the subregions
in OFC and medial PFC that are
differentially involved in the
retrieval of positive
autobiographical memories, via
medial OFC and ventromedial
regions, and negative
autobiographical memories,
mediated by lateral OFC (e.qg.,
Kuchinke et al., 2006). These
results are consistent with the
involvement of different OFC
subregions in emotional
evaluation of valence (for review
see Kringelbach & Rolls, 2004),
with medial areas involved in

R. Visual Ctx

L. Amygdala

-+~ High emotion
—4— Low el on

Figure 8.5. Properties that modulate
recollection during autobiographical
memory retrieval. (A) Emotion. Emotional
intensity influences amygdala activity
during the initial search for an
autobiographical memory (Daselaar et al.,
2008). (B) Vividness. Activity in the visual
cortex was positively correlated with
subjective ratings of reliving following
the formation of an autobiographical
memory (Daselaar et al., 2008). (C)
Remoteness. The hippocampus continues
to remain involved in vivid
autobiographical memories recruited
from recent to remote time periods (Viard
et al., 2007). P1 = 0-17 years; P2 = 18-30
years; P3 = )31 years, except for the past
5 years; P4 = past 5 years, except the
past 12 months; P5 = past 12 months.

reward processing and lateral areas in evaluation of punishers.

Vividness

Autobiographical memories are typically richer in sensorial details or vividness
than laboratory memories because they are composed of multisensory
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Neural Basis of Autobiographical Memory

information (e.g., Rubin, 2006) associated with a complex, three-dimensional
environment (for review, see Cabeza & St. Jacques, 2007). Subjective reports of
vividness are among the best predictors of subjective reports of recollection or
reliving (Rubin, Burt, & Fifield, 2003; Rubin & Siegler, 2004), and for
distinguishing real versus imagined events (e.g., Johnson, Foley, Suengas, &
Raye, 1988). Visuospatial imagery, involving both descriptive imagery and spatial
imagery, is particularly important in autobiographical memory (Brewer, 1986;
Rubin & Kozin, 1984) and might be a necessary component of autobiographical
memory retrieval (for review, see Greenberg & Rubin, 2003). For example,
patients with visual memory-deficit amnesia, a deficit in visual descriptive
memory following damage to the visual cortex, are severely impaired in retrieval
of autobiographical memory (Rubin & Greenberg, 1998). Not only are these
patients impaired on retrieval of autobiographical memories via visual cues, but
they also show deficits in the recall of memories cued via other modalities.
Greenberg and Rubin (2003) interpreted these findings by proposing that
impairment of visual memory disrupts the entire retrieval process because
autobiographical memory retrieval depends upon the interconnection and
activation of many separate systems (also see Rubin, 2006). Consistent with
these findings, Rubin, Burt, and Fifield (2003) showed that degrading visual
input in healthy individuals during the encoding of staged laboratory events, by
asking participants to wear blindfolds, impaired some phenomenological aspects
of later memory recall.

Turning to spatial imagery, the ability to construct a spatial scene is an essential
component of autobiographical memory (e.g., Hassabis & Maguire, 2007), just as
(p.207) the ability to link a memory to a specific spatial location is an integral
feature of episodic memory (e.g., Tulving, 1983). Allocentric spatial
representations stored in memory have been linked to the MTL, such that
patients with damage to the hippocampus were shown to be impaired on spatial
memory tasks, whereas egocentric spatial representations that allow for
imageable representations are supported by posterior parietal and precuneus
cortices, such that patients with lesions to parietal cortices are impaired on
viewpoint-dependent spatial imagery tasks (for reviews, see Burgess, Becker,
King, & O’Keefe, 2001; Moscovitch et al., 2005). The link between these
impairments on spatial tasks and autobiographical memory are readily apparent
in patients with damage to the MTL who have amnesia. For example, patient
K.C., who has damage to the hippocampus and other MTL regions, has severe
loss of both autobiographical memories and the detailed spatial representations
of familiar neighborhoods (for review, see Moscovitch et al., 2005). However,
there is less evidence regarding the effects of parietal lesions on
autobiographical memory, suggesting that the egocentric aspects of spatial
imagery in autobiographical memory might be more subtle (e.g., Berryhill et al.,
2007).
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Neural Basis of Autobiographical Memory

Functional neuroimaging studies of autobiographical memory have linked
visuospatial imagery with activity in visual cortex (cuneus), posterior midline
regions (precuneus and parietal cortices), and MTL regions (for review, see
Cabeza & St. Jacques, 2007; for meta-analysis, see Svoboda et al., 2006). For
example, the retrieval of images from autobiographical memory (test driving a
Honda Civic) versus specific images (imagining a Honda Civic) yielded greater
activity in left precuneus, parahippocampal, and bilateral posterior cingulate
cortices (Gardini, Cornoldi, De Beni, & Venneri, 2006). Similarly, compared with
laboratory memory, autobiographical memory elicited greater activity in cuneus
and parahippocampal cortices, as would be expected given the richer sensory
details associated with these memories (Cabeza et al., 2004). In combination
with other brain regions (e.g., MTL, frontal), visual cortex activity could initiate
the vivid sense of reliving associated with remembering the personal past (e.g.,
Rubin & Kozin, 1984), just as the reactivation of posterior cortices in episodic
memory tasks results in vivid remembering (Wheeler, Petersen, & Buckner,
2000). Consistent with this role of the visual cortex in autobiographical memory,
in an fMRI study using auditory cues, Daselaar et al. (2008) found that activity in
this region was positively correlated with subjective ratings of reliving following
the formation of an autobiographical memory (see Figure 8.5B) when
participants were maintaining and elaborating further details about the memory
(also see Conway et al., 2001). Furthermore, vividness of details can modulate
activity in the hippocampus (Addis, Moscovitch, et al., 2004), which is consistent
with the strong association between vividness and recollection.

Remoteness

Compared with laboratory memory, there is a considerable temporal range in
autobiographical memories from recent (e.g., days) to remote (e.g., decades),
(p.208) and the remoteness of the event might affect how vividly the memory
will be recollected. The neural substrates of recent versus remote
autobiographical memories have been the focus of many neuroimaging studies,
especially with respect to the permanent involvement of the hippocampus (for
review, see Cabeza & St. Jacques, 2007). According to the standard
consolidation model (Alvarez & Squire, 1994), the hippocampus has a time-
limited role in the storage and retrieval of autobiographical memories, such that
memories become independent from the hippocampus and dependent on
neocortical areas following consolidation. This idea is consistent with evidence
from patients with focal lesions in the MTL who demonstrate autobiographical
memory loss that is temporally graded in the favor of remote autobiographical
memories (for review, see Squire & Bayley, 2007). For example, Bayley et al.
(2003) asked patients with MTL damage and healthy control subjects to recall
remote autobiographical memories (i.e., decades old) and coded these memories
with respect to the number of details. They found that patients were able to
retrieve detailed remote autobiographical memories that were on par with the
control subjects. In contrast, multiple trace theory (MTT, Nadel & Moscovitch,

Page 25 of 39

PRINTED FROM OXFORD SCHOLARSHIP ONLINE (oxford.universitypressscholarship.com). (c) Copyright Oxford University Press,
2021. All Rights Reserved. An individual user may print out a PDF of a single chapter of a monograph in OSO for personal use.
Subscriber: Duke University; date: 23 November 2021


https://oxford.universitypressscholarship.com/view/10.1093/acprof:oso/9780195340792.001.0001/acprof-9780195340792-chapter-008#acprof-9780195340792-bibItem-008031
https://oxford.universitypressscholarship.com/view/10.1093/acprof:oso/9780195340792.001.0001/acprof-9780195340792-chapter-008#acprof-9780195340792-bibItem-008121
https://oxford.universitypressscholarship.com/view/10.1093/acprof:oso/9780195340792.001.0001/acprof-9780195340792-chapter-008#acprof-9780195340792-bibItem-008056
https://oxford.universitypressscholarship.com/view/10.1093/acprof:oso/9780195340792.001.0001/acprof-9780195340792-chapter-008#acprof-9780195340792-bibItem-008030
https://oxford.universitypressscholarship.com/view/10.1093/acprof:oso/9780195340792.001.0001/acprof-9780195340792-chapter-008#acprof-9780195340792-bibItem-008101
https://oxford.universitypressscholarship.com/view/10.1093/acprof:oso/9780195340792.001.0001/acprof-9780195340792-chapter-008#acprof-9780195340792-bibItem-008135
https://oxford.universitypressscholarship.com/view/10.1093/acprof:oso/9780195340792.001.0001/acprof-9780195340792-chapter-008#acprof-9780195340792-bibItem-008045
https://oxford.universitypressscholarship.com/view/10.1093/acprof:oso/9780195340792.001.0001/acprof-9780195340792-chapter-008#acprof-9780195340792-figureGroup-008005
https://oxford.universitypressscholarship.com/view/10.1093/acprof:oso/9780195340792.001.0001/acprof-9780195340792-chapter-008#acprof-9780195340792-bibItem-008038
https://oxford.universitypressscholarship.com/view/10.1093/acprof:oso/9780195340792.001.0001/acprof-9780195340792-chapter-008#acprof-9780195340792-bibItem-008001
https://oxford.universitypressscholarship.com/view/10.1093/acprof:oso/9780195340792.001.0001/acprof-9780195340792-chapter-008#acprof-9780195340792-bibItem-008031
https://oxford.universitypressscholarship.com/view/10.1093/acprof:oso/9780195340792.001.0001/acprof-9780195340792-chapter-008#acprof-9780195340792-bibItem-008003
https://oxford.universitypressscholarship.com/view/10.1093/acprof:oso/9780195340792.001.0001/acprof-9780195340792-chapter-008#acprof-9780195340792-bibItem-008113
https://oxford.universitypressscholarship.com/view/10.1093/acprof:oso/9780195340792.001.0001/acprof-9780195340792-chapter-008#acprof-9780195340792-bibItem-008007

Neural Basis of Autobiographical Memory

1997) posits a permanent role for the hippocampus in the retrieval of memories
that are detailed and vivid. Consistent with MTT, emerging evidence from
patients with hippocampal damage suggests that the impairment in the ability to
reexperience autobiographical memories from across the lifespan is greater than
was previously found (for review, see Moscovitch et al., 2005). For example,
Steinvorth et al. (2005) asked patients with bilateral MTL to recall
autobiographical memories, and they used a more sensitive coding scheme that
included specific prompts to examine the full potential of retrieval. Consistent
with MTT, they found no temporal gradient in the autobiographical memory
impairment, although both patients performed normally on semantic memory.

Although these issues continue to be strongly debated within the
neuropsychological literature, especially with respect to the locus and extent of
MTL damage, neuroimaging studies of autobiographical memory provide the
opportunity to examine these issues in healthy individuals. Each theory makes a
clear hypothesis regarding the sensitivity of the hippocampus to the remoteness
of the memory. Standard consolidation model predicts that recent memories
should involve greater hippocampal activation than remote ones, whereas MTT
predicts no differences in hippocampal activation between recent and remote
memories that are detailed and vivid. In this respect, several of the
neuroimaging studies of autobiographical memory are more consistent with MTT
(Addis, Moscovitch, et al., 2004; Conway et al., 1999; Gilboa et al., 2004;
Maguire & Frith, 2003; Maguire et al., 2001; Piefke et al., 2003; Piolino et al.,
2004; Rekkas & Constable, 2005; Ryan et al., 2001; Steinvorth et al., 2006;
Tsukiura et al., 2002; but see Niki & Luo, 2002; Piefke et al., 2003). For example,
Viard et al. (2007) asked older adults to recall episodic autobiographical
memories from across the entire lifespan, which did not differ on objective
ratings of detail. They found that the left hippocampus was recruited for all time
periods (see Figure 8.5C), with additional right hippocampus activity coming
online to support some time periods where autobiographical memories received
higher subjective ratings (i.e., mental imagery). Consistent with MTT, (p.209)
Viard et al. (2007) suggest that the left hippocampus is always necessary to
retrieve vividly recollected autobiographical memories, and once some threshold
of recollection is reached, variability in the richness of memories could recruit
additional activity in the right hippocampus. However, functional neuroimaging
studies cannot determine the necessity of the hippocampus in autobiographical
memory retrieval for remote memories. Furthermore, hippocampal activation is
affected by the method used to elicit an autobiographical memory as well as
other memory dimensions (e.g., vividness), and these factors are not always
controlled (for review, see Cabeza & St. Jacques, 2007).

In addition to the hippocampus, other core regions in the autobiographical
memory network are sensitive to the remoteness of the memory. The most
consistent finding is greater activation in the retrosplenial cortex for recent
versus remote autobiographical memories (for review, see Moscovitch et al.,
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2005). Retrosplenial cortex has dense reciprocal connections with the
hippocampus, which might interface with dorsolateral PFC (e.g., Kobayashi &
Amaral, 2003), and damage to this region can cause “retrosplenial

amnesia” (e.g., Valenstein et al., 1987), but the function of retrosplenial cortex in
memory is not clear. The role of retrosplenial cortex in more recent
autobiographical memories has been linked to several factors including the
construction of generic visual representations and retrieval of personally
familiar information (Gilboa et al., 2004), emotional processing (Piefke et al.,
2003), and vividness (although see Gilboa et al., 2004; Steinvorth et al., 2006).
Greater activity in retrosplenial cortex for recent autobiographical memories
could also reflect increased recollection, consistent with some laboratory
memory studies (e.g., Daselaar, Fleck, & Cabeza, 2006). PFC regions were also
found to be sensitive to the age of autobiographical memories. However, results
here have been more variable, with some studies showing greater PFC activity
for recent autobiographical memories (Maguire et al., 2001; Piolino et al., 2004),
and other studies showing greater PFC activity for remote autobiographical
memories (Steinvorth et al., 2006). Moreover, there is evidence that different
PFC regions are activated depending on the age of the autobiographical
memories (Niki & Luo, 2002; Rekkas & Constable, 2005). Inconsistency in PFC
activity could reflect variability in the ease of autobiographical memory
retrieval, as activity here would be expected to increase for more difficult
retrieval conditions or, alternatively, greater integration between the memory
trace and cue specification (e.g., Maguire et al., 2001).

Summary of Properties that Modulate Recollection in Autobiographical Memory

Autobiographical memories are ideal for investigating the contribution of
properties that modulate the neural correlates of recollection because they often
involve rich emotional content and vivid sensory details. Furthermore, one
strength of autobiographical memory is that it enables the study of the neural
correlates of remote memories, which cannot be created in the laboratory,
versus recent memories, which is a crucial issue for current models of memory
(p.210) consolidation. Emotional autobiographical memories are associated
with activity in the amygdala and subregions of the OFC, whereas vividness is
associated with visual cortex activity. Although functional neuroimaging
evidence is missing, autobiographical memories that involve strong auditory,
tactile, or taste sensations should also involve activity in the corresponding
sensory regions. Emotion and vividness have also been associated with
increased activity in the hippocampus, a region that might continue to be
involved in the recollection of remote autobiographical memories.

Conclusions

The results of functional neuroimaging studies of autobiographical memory
provide us with the opportunity to consider how recollection of our personal past
compares with recollection of simple laboratory memory stimuli. First, the
integration of episodic and semantic memory in autobiographical memory
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Neural Basis of Autobiographical Memory

suggests that autobiographical memory retrieval is not synonymous with
recollection, but can vary according to the type of autobiographical memory
elicited. Furthermore, the rich recollection associated with some
autobiographical memories challenges us to consider how current retrieval
models can account for more or less recollection. Second, the construction of
autobiographical memories typically involves a protracted length that allows the
examination of the multiple retrieval components involved in recollection.
Generative retrieval of autobiographical memories requires longer retrieval
times to recover the contextual details associated with recollection, but whether
this is also true for direct retrieval of autobiographical memories has yet to be
examined. Third, several of the properties that modulate recollection, such as
emotion, vividness, and remoteness, occur at their extremities in
autobiographical memory. The results of these studies suggest that the
hippocampus has a critical role in mediating the recovery of a richly recollected
past. Current studies have established that functional neuroimaging of
autobiographical memory can answer important questions regarding the neural
correlates of recollection. The challenge for future studies will be to develop new
techniques for examining autobiographical memories in the scanner that can
answer multifaceted questions concerning where these components interact.
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