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When an autobiographical memory is retrieved, the underlying memory representation is constructed by flexibly
activating a broad neural network. As such, the content used to reconstruct a memory can bias activity within this
neural network. Here, we tested the hypothesis that focusing on the conceptual and contextual aspects of a
memory to construct a memory representation will recruit distinct neural subsystems. To test this hypothesis, we
measured neural activity as participants retrieved memories under retrieval orientations that biased remembering
towards these elements of a past autobiographical experience. In an MRI scanner, participants first retrieved
autobiographical memories and then were re-oriented towards the conceptual or contextual elements of that
memory. They then used this re-oriented content (conceptual or contextual elements) to access and elaborate
upon a new autobiographical memory. Confirming our hypothesis, we found a neural dissociation between these
retrieval orientation conditions that aligned with established models of memory. We also found evidence that this
neural dissociation was most prominent when the re-oriented mnemonic content was used to access a new
memory. Altogether, the reported results provide critical insight into how and when retrieval orientations alter
neural support for autobiographical memory retrieval and inform on the neural organization of autobiographical

knowledge.

1. Introduction

Autobiographical memories are mental representations of past expe-
riences that are reconstructed at retrieval (Schacter and Addis, 2007;
Schacter, 2012; Sheldon and Levine, 2016). These memories are richly
detailed and contain a diverse array of information — including sensory
perceptual and contextual event (episodic) details as well as factual
knowledge associated with a particular event (semantic details; Tulving,
1983). Autobiographical memory construction relies upon a distributed
network of brain regions that includes the hippocampus, medial pre-
frontal, middle and lateral parietal as well as temporal regions to access
this content (Svoboda et al., 2006). While it is known that the hippo-
campus is critical for associating together the various details of an
experience into a memory representation (Moscovitch, 1992; Winocur
and Moscovitch, 2011), considerably less is known about how these
details (i.e., memory content) are represented within this greater neural
network.

One theory is that there are distributed functional neural subsystems
prioritized to process specific episodic components of a remembered
event, such as subsystems that support accessing the general concept of

what happened to the contextualized details of the remembered envi-
ronment (Cabeza and Moscovitch, 2013; Sheldon et al., 2019). Support
for these subsystems comes from research examining neural support
during internally-directed cognitive tasks — those that involve directing
cognition towards self-generated thoughts and memories rather than
information present in one's external environment (Dixon et al., 2014).
These tasks typically activate the default network (DN) — a resting-state
network that overlaps considerably with the autobiographical memory
network (Buckner et al.,, 2008; Spreng and Grady, 2009). When
internally-directed tasks are directed towards processing conceptual and
contextual information, there is evidence that dissociable subsystems
within the DN will be active (n.b., other resting state subsystems have
been proposed, see Lee et al., 2012). The dorsal medial subsystem
comprised of the dorsal medial prefrontal cortex (dmPFC), temporal pole,
lateral temporal cortex, and temporoparietal junction processes
self-referential and conceptual information and is engaged during eval-
uative decision-making. The medial temporal subsystem comprised of
the hippocampal formation, parahippocampal cortex, retrosplenial cor-
tex, posterior inferior parietal lobule, and ventrolateral prefrontal cortex
(vmPFC) processes contextualized information that critically supports
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episodic memory (Andrews-Hanna et al., 2010; Andrews-Hanna et al.,
2014).

The above-reported division within the DN parallels research that has
reported distinct medial temporal lobe (MTL) subsystems for accessing
conceptual and situational (i.e., contextual) elements of learned stimuli
(Ranganath and Ritchey, 2012; Reagh and Ranganath, 2018). Specif-
ically, there is a memory system that is activated for recalling the con-
ceptual and semantic content of a past episode (an anterior subsystem
including the perirhinal, temporopolar, and lateral orbitofrontal cortices)
and one for recounting the specific situational context associated with an
event (a posterior medial subsystem including the parahippocampal
cortex, retrosplenial cortex, vinPFC, precuneus, and angular gyrus;
Ranganath and Ritchey, 2012).

We recently proposed a framework (Sheldon et al., 2019) positing
that these dissociable systems are engaged during different forms of
episodic autobiographical remembering. This framework was based on a
prominent theory for autobiographical memory organization in which
the conceptual and the contextualized aspects of an event are organized
at different ‘hierarchical levels’ within one's autobiographical knowledge
base (Conway, 2001, 2009; Conway and Pleydell-Pearce, 2000). How-
ever, with our framework, we suggest that these different aspects of an
event are stored at the same level and can co-exist rather than being
nested within one another as described in the original model. With a
non-hierarchical structure, distinct episodic memory representations of
the same autobiographical experience can be built as a function of the
relative weight assigned to conceptual (i.e., event-based) versus contex-
tual (i.e., perception-based) event-specific knowledge accessed from
one's autobiographical knowledge base (see Fig. 1). This weighting will
thus determine how dissociable conceptual and contextual neural net-
works are recruited during remembering.

We propose that the bias towards these conceptual and contextual
neural networks during autobiographical remembering can be deter-
mined by a person's retrieval orientation — a retrieval goal-state that is
defined by a particular cue to probe a memory (Herron and Rugg, 2003;
Morcom and Rugg, 2012). Retrieval orientation effects have been
well-established with laboratory-based memories that manipulate
orientation by altering the cues used to reactivate memory representa-
tions and have shown how retrieval orientation changes the engaged
cognitive (Rugg and Wilding, 2000) and neural processes (e.g., Herron,
2018; Herron et al., 2016; Herron and Rugg, 2003; Morcom and Rugg,
2012; Robb and Rugg, 2002; Rugg and Wilding, 2000). This line of work
has shown that retrieval orientations biased towards certain modalities
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(words, pictures) can change the underlying cognitive and neural pro-
cesses engaged (e.g., Herron and Rugg, 2003). In addition, findings have
shown that retrieval orientations biased towards certain features of
studied items, such as the conceptual versus perceptual aspects of those
items, also relate to distinct neural correlates during retrieval (e.g.,
Stenberg et al., 2006). This latter body of work aligns with the conceptual
and contextual aspects of autobiographical memories and the finding
that a conceptual retrieval orientation relied on anterior aspects of the
brain and the perceptual retrieval orientation relied on more posterior
aspects of the brain (Stenberg et al., 2006) fits with the proposed dis-
tinctions within the autobiographical memory neural network.

In this study, we aimed to test if autobiographical memories retrieved
with an orientation biased towards conceptual versus contextual event
details will result in dissociations in brain activity. In testing for these
dissociations emerging from one's retrieval orientation during autobio-
graphical memory retrieval, we considered additional factors that in-
fluence the neural support of autobiographical memory retrieval. One
factor that may influence how retrieval orientation affects brain activity
is the age of a recollected autobiographical memory (Nadel et al., 2007;
Squire et al., 2004). Although evidence favours the view that the same
brain systems are needed to construct detailed recent and remote mem-
ories (Nadel et al., 2007; Winocur and Moscovitch, 2011), it is not clear if
memories from different life periods are modified by retrieval orientation
in the same way. Another factor we consider is when during the memory
retrieval process retrieval orientation effects are most pronounced - i.e.,
when retrieval orientation specifies how a memory representation must
be initially built or when retrieval orientation updates an existing
memory representation. There is evidence that retrieval makes a un-
derlying memory representation malleable and more open change
(Alberini, 2011; McKenzie and Eichenbaum, 2011; Nader and Hardt,
2009; Sara, 2010). If this is the case, then retrieval orientation effects
should manifest most robustly when reconstructing a memory repre-
sentation for an already-recalled memory - as this representation will be
more labile and susceptible to change — than when constructing a
memory representation for a newly-accessed memory. Alternatively, if
retrieval orientation effects primarily influence how a memory is cued
(Herron and Rugg, 2003), then orientation effects should present most
strongly when retrieval orientation specifies how a new memory repre-
sentation should be initially constructed.

We designed a novel functional magnetic resonance imaging (fMRI)
experiment to specify the effect of retrieval orientation on the neural
mechanisms of episodic autobiographical memory retrieval and to
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Fig. 1. A schematic of the proposed framework (Sheldon et al., 2019) in which different aspects (i.e., conceptual/event-based and contextual/perception-based
details) of an event are simultaneously stored within episodic memory and how retrieval orientation can bias the episodic event-specific mnemonic content that is
retrieved from one's autobiographical knowledge base (extending from the autobiographical memory organizational model by Conway, 2001).
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determine if this effect depends on a.) the age of the autobiographical
memory and b.) the stage of memory retrieval. In the scanner, partici-
pants recalled twelve pre-selected recent and remote autobiographical
memories equated for a number of subjective ratings (vividness,
emotionality, importance, and rehearsal) under conceptual and contex-
tual retrieval orientation conditions that included four sequential
retrieval phases (see Fig. 2): (1) recollecting the autobiographical
memory without any orientation cue (full recollection); (2) re-orienting to
the conceptual (the theme/purpose of the event) or contextual (the
placement of people and things in the location) elements of that memory
(re-oriented recollection); (3) accessing a new and related memory using
these conceptual or contextual elements from the recollected memories
phase (new memory access); and (4) recollecting the conceptual or
contextual elements of this new memory (oriented recollection). In this
way, our retrieval orientation manipulation was carried out at two
separate timepoints during the retrieval process — first, this manipulation
was introduced after an unbiased memory representation had already
been established (re-oriented recollection) and, second, the manipulation
was introduced prior to the memory representation being built (oriented
recollected) — allowing us to establish when during the memory recol-
lection process retrieval orientation exerts the strongest influence on
brain activity. Thus, the overall goal of our manipulation was to shift the
relative emphasis of the conceptual versus contextual details retrieved
when constructing a mental representation for a past event. Specifically,
our prediction was that forming a memory representation with more
contextual details (i.e., with a contextual retrieval orientation) would
activate regions that support visuo-spatial component processes and
forming a memory representation with more conceptual details (i.e., with
a conceptual retrieval orientation) would activate regions that support
schematic and value-based component processes. We further predict that
these dissociations will be apparent for both recent and remote memories
yet be most robust when orienting within an already-accessed memory
(i.e., re-oriented recollection), provided that the latter will require more
episodic memory constructive processes to allow one to revise and
reconstruct an updated representation specified by the retrieval orien-
tation. Univariate and multivariate analytic approaches were taken to
identify regional activation differences and network variability differ-
ences related to retrieval orientation, respectively.
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2. Methods
2.1. Participants

Twenty-eight participants were recruited to participate. Data from
four participants were excluded from our analyses due to indications of
anxiety while in the scanner (n=1) or failure to comply with the task
instructions (n=3). The analyzed dataset included 24 right-handed
participants (females = 17; mean age = 21.34 years, SD = 3.3; mean ed-
ucation = 15.26 years; SD=2.18). All participants had normal or
corrected-to-normal vision and were free of any medical conditions,
neurological conditions, or contraindications for fMRI experimentation.
All experimental procedures were approved by the McGill University
Ethics Board and written informed consent was collected from all par-
ticipants prior to testing. Participants were compensated for their time.

2.2. Procedure

2.2.1. Pre-scan autobiographical memory generation

At least 24 h prior to the scanning session, participants provided a list
of at least 10 recent (previous 6 months) and 10 remote (5-10 years ago)
autobiographical memories (personal events that occurred at one time
and in one specific location). For each memory, participants provided a
short event caption (e.g., ‘Thanksgiving dinner with my boyfriend's
family’), the specific date and location of the event, and ratings on a 6-
point Likert scale of vividness (i.e. how vividly they remembered that
even), emotionality (i.e., was the event happy or sad), importance (i.e.,
how important the event was to them), and rehearsal (i.e., how often they
thought about the event). For each participant, we selected the six recent
and six remote events that were best matched along these dimensions to
be used as experimental stimuli in the fMRI experiment.

2.2.2. Scan session

Prior to scanning, the experimenter went over detailed instructions
about the format of the experiment and participants completed three
practice trials. During the first practice trial, the experimenter gave an
example of how to complete the task using a hypothetical event for both
experimental conditions (i.e., conceptual and contextual); all participants

Full Re-oriented New memory Oriented
recollection recollection access recollection
A | A
[ | [ \ [ \ |
g N
I Conceptual ! ! Think about only the Access a new memory
1 trial 1 : theme details related to these theme Think about the theme
________ details details of this new
‘Surprise birthday at memory
Hard Rock Cafe’ Press 1
Remember
T Vividness & date ratings
Hard Rock Cafe’
Think about only the Access a new memory
space details related to these space Think about the space
———————— 1 details details of this new
: Contextual ‘Surprise birthday at memory
1 trial Hard Rock Cafe’ Press 1
| 8 seconds | | 6 seconds | 16 seconds l 8 seconds |

Fig. 2. A schematic of the progression of the experimental trials. First, participants are shown a descriptive title of one of their autobiographical memories (e.g.,
‘Surprise birthday at Hard Rock Cafe’) and are instructed to re-experience this event in as much detail as possible by thinking about all the details and images
associated with the event (full recollection). Second, participants are instructed to only think about a particular aspect of that memory — theme details for conceptual
trials and space details for contextual trials (re-oriented recollection). Third, participants are instructed to use the details from the re-oriented recollection to think of a
new, related past event as quickly as possible and indicate with a keypress when they have a new event in mind (new memory access). Fourth, participants are now
instructed to think about the theme (conceptual trial) or the space (contextual trial) details of this new memory (oriented recollection).
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received the same practice event (‘Birthday dinner with grandma’). Next,
participants completed two additional practice trials with events chosen
from their list of unused autobiographical memories (collected from the
pre-scan autobiographical memory generation phase) during which they
received performance feedback from the experimenter. These two trials
were randomly assigned to the conceptual and the contextual conditions
such that all participants completed an example trial for each of the
experimental conditions with their own personal memories, exactly as
they would be completing them in the scanner.

In the scanner, participants completed six functional runs (four con-
ceptual trials, four contextual trials, and two control trials per run).
During each run, eight of the twelve pre-selected autobiographical
memories were recalled with half appearing in conceptual trials and the
other half appearing in contextual trials. The same memory never
appeared more than once within a single run. Both experimental trials
began with a trial cue (‘Remember’) that remained on the screen for
1000 ms. The trial then moved into the three phases of remembering.
First, participants saw one of their generated event captions on the screen
(e.g., ‘Surprise birthday at Hard Rock Cafe’) and were given 8 s to silently
elaborate on all the details of the event (full recollection). Second, par-
ticipants then focused primarily on the conceptual or contextual details
of the retrieved memory for 6 s (re-oriented recollection; see Appendix A
for specific instructions given to participants). Here, we note that the
primary aim of our experimental manipulation was not to induce
mutually-exclusive forms of remembering. Rather, the aim of this
manipulation was to shift the relative emphasis of the contextual and
conceptual details used to construct a memory representation such as to
bias retrieval towards conceptual versus contextual event-specific details.
Thus, for conceptual trials, participants preferentially focused on the gist
or overall theme of the memory (e.g., ‘The surprise birthday party cele-
brated my 19th birthday. I was not expecting it and so I was very sur-
prised. I ended up having a fun evening with all my friends and family.).
For contextual trials, participants preferentially focused on the specific
spatial-perceptual details of the memory (e.g., ‘The surprise birthday
party took place on the second floor of the Hard Rock Cafe in Montreal.
We were seated along a long table. I was sitting on a bench across from
my best friend.?). Third, participants used the recovered conceptual or
contextual details of the retrieved memory to access another past per-
sonal event (16s; e.g., conceptual trial: ‘Waiting with family and friends
to surprise my cousin for her 23rd birthday’; contextual trial ‘Buying a
white sweater from the Hard Rock Cafe in New York City’), indicating
with a key press when this memory was accessed. Fourth, participants
were now asked to elaborate on the conceptual or contextual details of
this new memory (‘We were all anxiously waiting for my cousin's arrival
and discussing the possibility of her not liking the surprise and being
mad’; contextual trial ‘My family and I were walking around Time Square
and stumbled upon the Hard Rock Cafe. We all went in and I bought a
sweater’). All trials ended with a vividness rating in which participants
indicated how vividly they recalled the new oriented memory (6-point
Likert scale) and a date rating (4-point Likert scale) in which the par-
ticipants indicated when this new memory took place. The control con-
dition was an odd/even number detection task in which participants
were shown a series of numbers (0-9) for 45s. For each number, par-
ticipants silently determined if the presented number was an odd or even
number.

2.2.3. fMRI data acquisition

Images were acquired using a 3T Siemens Magnetom Trio MRI
scanner with a 32-channel head coil located at the Montreal Neurological
Institute (Montreal, QC). Anatomical scans were obtained using a three-
dimensional, T1-weighted, gradient-echo sequence (MPRAGE protocol;
176 1.0 mm thick sagittal slices, TR = 2200 ms; TE = 2.98 ms; FA = 9°).
Functional images were obtained using T2-weighted gradient echo,
echoplanar imaging (EPI) sequence (TR = 2200 ms; TE = 2.98 ms). Forty-
two interleaved slices (voxel size = 3.5 mm x 3.5 mm x 3.5 mm) were
collected for each functional run.
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2.2.4. Post-scan session

Immediately after the completion of the scan, participant completed a
post-scan interview outside of the scanner. In random order, they were
presented with each of the event captions that were used as stimuli in the
in-scanner experiment on a computer screen. For each caption, partici-
pants were asked to describe the associated event aloud in as much detail
as possible and were given up to 3min to do so. After describing each
memory associated with the event caption, participants were then asked
to generate a list of the new memories they could remember accessing in
the scanner (i.e., oriented memories). The post-scan interviews were
audio-recorded and transcribed. These data were used to verify that
participants were accessing specific details from a personal event during
the experiment.

2.3. fMRI preprocessing and statistical analyses

Data were preprocessed and analyzed using Statistical Parametric
Mapping (SPM12; Welcome Trust Centre for Neuroimaging, London,
United Kingdom). Realignment, unwarping, slice-timing correction,
spatial normalization to Montreal Neurological Institute (MNI) space,
and spatial smoothing using Full Width at Half Maximum (FWHM) of the
Gaussian smoothing kernel (8 mm) were applied to the images. The
associated brain regions from our analyses were identified based on the
MNI coordinates obtained from SPM and using the Multi-Image Analyses
GUI image processing and viewing software (Mango; http://ric.uthscsa.e
du/mango/mango.html) and with reference to a MNI atlas.

A general linear model (GLM) approach, using a model of the ca-
nonical hemodynamic response function (HRF), was applied to the data
to model our task regressors of interest (for details, see Inline Supple-
mentary Table 1a). Each regressor was defined based on the duration that
the participant was instructed to think of event details of a memory (re-
oriented recollection) or indicated with a button press that they had
retrieved a related memory (oriented recollection) and lasted until the
end of the trial. This model also included regressors that were not of
interest, which were time points associated with the cue presentation, in-
scanner ratings, and six motion-related regressors.

A conjunction analysis using AFNI's (Analysis of Functional Neuro-
Images; Cox, 1996) 3dcalc procedure was run to verify that the concep-
tual and contextual conditions were recruiting the core autobiographical
memory network (Schacter et al., 2012; Svoboda et al., 2006). We con-
trasted conceptual and contextual trials separately with the control task
(i.e., odd/even number detection task) and thresholded the resulting
contrast to identify voxels that were significantly active above T =1.93
(p=.03) to create a conjunction map that identified voxels commonly
active at a threshold of p < .001. A flexible factorial model analysis with
two within-subjects factors — memory retrieval stage (re-oriented and
oriented memories) and retrieval orientation (contextual and concep-
tual) - tested for differences in the hemodynamic blood-oxygen-level
dependent (BOLD) response associated with these factors.

AFNI's 3dClustSim and 3dFWHMx procedures were used to establish
a minimum cluster extent of 82 voxels to correct for multiple compari-
sons made across the whole brain with a primary voxel-level threshold of
p=.001 and alpha =0.05. Following the flexible factorial model anal-
ysis, we ran a series of second-level one sample t-tests that contrasted
neural activity for our contrasts of interest. We contrasted whole-brain
activity associated with the contextual and conceptual trials during the
re-oriented recollection separately for recent or remote memory trials. A
second set of contrast were run with the oriented memories.

Following these univariate analyses, we conducted a multivariate
analysis using partial least squares (PLS; Krishnan et al., 2011; McIntosh
et al., 1996; McIntosh and Lobaugh, 2004) analysis. PLS is a data-driven
multivariate analysis technique which assesses the relationship between
measured neural activity and an experimental design. This technique
uses singular value decomposition (SVD) to extract latent variables (LVs)
which define patterns of neural activity that covary across the specified
conditions. A block design approach was taken to define the data
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matrices for our conditions of interest (for details, see Inline Supple-
mentary Table 1b), meaning that activity corresponding to each block
(i.e., condition of interest) was averaged across all runs. First, permuta-
tions tests (500 permutations) were run to determine the significance of
the identified LVs. Second, salience scores are calculated for each voxel as
a metric for how reliably the pattern determined by the LV is represented
in that voxel with bootstrap estimates (300 iterations) of the standard
errors. The reported results were thresholded such that neural activity
within clusters of at least 15 voxels and with a bootstrap ratio (sali-
ence/standard error) of + 2.8 (approximately equal to p <.0051) were
considered for interpretation. We report the results of two mean-centered
blocked task PLS analyses and one mean-centered event-related task PLS
analysis. Our first blocked analysis focused on exploring the patterns of
neural activity during memory elaboration associated with our retrieval
orientation manipulations during both our re-oriented recollection and
oriented recollection (after the button press) phases. Following-up on the
findings from this analysis, our event-related analysis investigated the
time course of our retrieval orientation effects across the length of our
experimental trials. Lastly, our second blocked analysis focused on
investigating how re-orienting the construction of a memory to converge
onto conceptual versus contextual elements diverges from a more un-
constrained or naturalistic form of remembering.

3. Results
3.1. Behavioural results

The average of the in-scanner ratings (vividness, date categorization)
and reaction times for the oriented memories were examined with
separate repeated measures ANOVA with retrieval orientation (concep-
tual versus contextual) and memory age (recent versus remote) as factors.
None of main effects of retrieval orientation were significant (vividness:
F(1, 22)=0.795, p=.382; date categorization: F(1, 22)=0.082,
p =.778; reaction time: F(1, 23) =1.930, p =.178). The main effect of
memory age was significant for vividness (F(1, 22) = 24,936, p < .001)
and date categorization (F(1, 22) =90.478, p < .001), but not reaction
time (F(1, 23) =1.194, p =.286). Participants generated new memories
(i.e., oriented memories) that were rated as less vivid and were older for
trials that began with a remote memory as compared to trials that began
with a recent memory. There were no significant interaction effects be-
tween these factors. See Inline Supplementary Table 2 for average
ratings.

3.2. fMRI results

3.2.1. Common patterns of activity

The conjunction analyses between the contextual and conceptual
conditions revealed overlapping clusters in structures of the core auto-
biographical memory network. This included the medial temporal
(bilateral fusiform gyri, parahippocampi, and hippocampi), lateral tem-
poral (bilateral middle and superior temporal gyri), frontal (bilateral
inferior and middle, and superior frontal gyri), cingulate (anterior and
posterior gyri), and parietal (bilateral lingual gyri, inferior and superior
parietal lobules) cortices. This analysis confirmed that our task was
engaging autobiographical memory processes.

3.2.2. Distinct patterns of activity

The flexible factorial analyses (See Inline Supplementary Table 3 for
detailed reporting of significant activity) that included both retrieval
orientation condition (conceptual vs. contextual) and memory retrieval
stages (re-oriented vs. oriented memories) revealed a main effect of both
factors. The effect of retrieval stage was associated with large clusters of
activity that centered on bilateral posterior parietal cortex (clusters with
peak activity in the left precuneus and right cuneus) and left frontal
cortex (clusters with peak activity in the precentral and superior frontal
gyri). The effect of retrieval orientation was associated with distributed
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cortical activity centering on the bilateral medial temporal lobes (clusters
with peak activity in the left fusiform gyrus and right parahippocampus)
as well as activity centered on posterior regions (clusters with peak ac-
tivity in the left precuneus and bilateral inferior parietal lobules and
bilateral posterior cingulate cortices). There was also an interaction be-
tween the factors that was evident in regions typically associated with the
autobiographical memory network. These regions included the MTL as
well as posterior cortical areas (clusters with peak activity in the right
superior occipital gyrus and right inferior parietal lobule) and bilateral
frontal regions (clusters with peak activity in the bilateral middle frontal
gyri and right inferior frontal gyrus). Based on this interaction effect, we
contrasted activity for the two retrieval orientation conditions for the two
memory retrieval stages independently.

3.3. Univariate analyses

3.3.1. Orientation effects during re-oriented recollection

We contrasted whole-brain neural activity at a group level between
our two retrieval orientation conditions across recent and remote mem-
ory trials as an initial analysis revealed no differences in brain activity
between these trials. Regions preferentially involved in the contextual
compared to the conceptual condition included posterior brain regions
(clusters with peaks in the bilateral posterior cingulate cortices (PCC)
that extended into the precuneus; the right inferior parietal lobule), the
MTLs (clusters with peaks in the bilateral parahippocampal gyri (PHG)
that extended into the fusiform gyri, the right inferior and middle tem-
poral gyri, and left middle frontal gyrus). Regions preferentially active for
the conceptual compared to the contextual condition included the left
superior frontal gyrus, left precentral gyrus, and inferior frontal gyri as
well as the left cingulate cortex and lateral temporal lobe regions. See
Fig. 3a and Inline Supplementary Table 4.

3.3.2. Orientation effects during oriented recollection

Regions preferentially active for the contextual compared to the
conceptual condition included the bilateral middle frontal gyri, left su-
perior occipital gyrus, left superior parietal lobule, and right inferior
parietal lobule as well as the left fusiform gyrus (extending into the PHG)
and right PHG. Regions preferentially active for the conceptual compared
to the contextual condition included the left superior frontal gyrus (a
cluster that extended into the right superior and bilateral middle frontal
gyri) and lateral frontal brain regions (peaks in the bilateral superior
frontal gyri). See Fig. 3b and Inline Supplementary Table 5.

3.4. Multivariate analyses

A mean-centered blocked task PLS analysis that included the experi-
mental factors of retrieval orientation (conceptual and contextual),
memory age (recent and remote), and retrieval stage (re-oriented and
oriented) revealed two significant latent variables (LVs). The first LV
distinguished between the stage of retrieval, irrespective of orientation or
memory age (p <.001, 58.42% of the crossblock covariance). Oriented
recollection was associated with a brain pattern that included the bilat-
eral superior and middle temporal gyri and middle frontal and cingulate
cortex, the left supramraginal gyrus and caudate and the right parietal
lobule, pre- and postcentral gyri, and MTL, namely anterior aspects of the
hippocampus (warm colors in Fig. 4, top). Re-oriented was associated
with the bilateral insula and precuneus/cuneus, the right superior pari-
etal lobule, cingulate gyrus as well as the left lingual gyrus and middle/
superior temporo-frontal cortex (cool colors in Fig. 4, top). See Inline
Supplementary Table 6 for full reporting of clusters. The second signifi-
cant LV distinguished the orientation conditions during the re-oriented
recollection stage (p < .001, 18.23% of the crossblock covariance). The
contextual orientation trials were associated with activity that included
the right superior occipital gyrus, precuneus, inferior parietal lobules,
superior frontal cortex, ventromedial prefrontal cortex (VMPFC), the PCC
as well as the left PHG (warm colors in Fig. 4, bottom). The conceptual
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b) Oriented recollection

Fig. 3. Results from the univariate analysis contrasting neural activity during the contextual (warm colors) and conceptual (cool colors) retrieval orientation trials for
a) re-oriented recollection and b) oriented recollection. Images are thresholded at p < .005 and k > 82 voxels. Note: A = anterior, P = posterior, L = left, R = right.

orientation trials were associated with common activity in the right su-
perior temporal and inferior parietal lobule, the left inferior frontal,
insula and cingulate gyrus and the bilateral superior and middle frontal
as well as occipital cortices (cool colors in Fig. 4, bottom). See Inline
Supplementary Table 7 for full reporting of clusters.

To follow-up on these results, we conducted a mean-centered event-
related PLS analysis to disentangle the effects of our tested retrieval ori-
entations from temporal effects. For this analysis, we modelled the trials
associated with our two retrieval orientations (conceptual and contex-
tual), separately for recent and remote memories, resulting in 4 event
types (recent conceptual trials, recent contextual trials, remote conceptual
trials, and remote contextual trials) modelled from the timepoint at which
our initial retrieval orientation manipulation was introduced (i.e., the
beginning of re-oriented recollection) to the end of the trial (total dura-
tion ~ 225s; 10 lags). One significant LV was identified (p < .001, 65.70%
of the crossblock covariance) revealing a pattern of distinct activity
associated with the conceptual and contextual retrieval orientations,
irrespective of memory age, that aligned with the patterns identified by
LV2 of the above-reported blocked PLS analysis (Fig. 5A, right panel, See
Inline Supplementary Table 8 for full reporting of clusters). The temporal
brain scores indicated that this dissociation was maximally expressed at
lag 4 (Fig. 5B), which corresponds to the new memory access phase of the
trials, suggesting that the effect of retrieval orientation is predominantly
driven by processes used to probe a memory. The plot of the temporal
brain scores further suggests that the pattern of neural activity for the
contextual trials is maintained from the new memory access phase into the
oriented retrieval recollection phase (i.e., into lags 6-9).

Finally, we ran a mean-centered blocked task PLS analysis that
included the initial full recollection phase — when participants were rec-
ollecting autobiographical memories without a retrieval orientation — and
the stage in which the retrieval orientations were introduced (re-oriented
recollection phase). This resulted in two significant LVs. The first LV
distinguished the full recollection phase from the re-oriented recollection
phase across orientation condition and memory age (p < .001, 57.81% of
the crossblock covariance; see Fig. 6 (top) and Inline Supplementary
Table 9). The second LV (p < .001, 26.55% of the crossblock covariance)
established common activity between the full recollection phase and the
contextual orientation condition, primarily in MTL (e.g., left PHG) and
frontal regions (cool colors in Fig. 6, bottom) and a dissociated activity
pattern for the conceptual condition that included frontal, parietal, and
lateral temporal regions (warm colors in Fig. 6, bottom). See Inline Sup-
plemental Table 10 for full reporting of clusters.

4. Discussion

Retrieving an episodic autobiographical memory is a constructive act

that requires flexibly forming mental representations of past events
(Bartlett, 1932; Tulving, 1983, 2002). This construction requires
accessing separately-stored episodic event-specific information at the
time of retrieval, from the conceptual meaning of the event to the
sensory-perceptual contextual elements of the experience (Conway,
2001), which are predicted to be supported by distinct neural processes
(e.g., Sheldon et al., 2019). Here, we investigated if emphasizing these
different types of information during retrieval (i.e., by manipulating
retrieval orientation) altered the underlying neural activity associated
with reconstructing the same autobiographical experience.

Participants retrieved pre-selected autobiographical memories —
events that occurred at one time and in one place (Tulving, 2002) — under
two retrieval orientation conditions while undergoing an fMRI scan. In
one condition, they recalled these events by focusing on associated the-
matic (i.e., conceptual retrieval orientation condition) episodic details. In
another condition, they recalled these events by focusing on the
perceptual-spatial (i.e., contextual retrieval ordination condition)
episodic elements of the memory. With this condition manipulation, we
tested the prediction that an individual's retrieval orientation will lead to
predictable changes in neural activity (Robin and Moscovitch, 2017;
Sheldon and Levine, 2016). In confirmation, we found the conceptual
orientation condition engaged a broad and distributed network of brain
regions, particularly in lateral temporal, superior frontal, and medial
prefrontal regions whereas the contextual orientation condition
concentrated activity on medial temporal (e.g., parahippocampal
cortices) and posterior brain areas (e.g., posterior cingulate cortices and
precuneus).

Our experiment included personalized event cues from different time
periods in the participant's life. This allowed us to show that retrieval
orientation similarly influenced the neural support for recent and remote
autobiographical memories. This finding is consistent with the Multiple
Trace Theory (MTT; Nadel and Moscovitch, 1997; Nadel et al., 2000;
Winocur and Moscovitch, 2011) that suggests that richly contextualized
memory recollections from all time periods are supported by similar
underlying neural mechanisms (Gilboa et al., 2004; Steinvorth et al.,
2005; Viard et al., 2007).

The reported distinctions between the conceptual and contextual
retrieval orientation conditions align with those identified within
resting-state subsystems and during laboratory-based memory tasks.
First, our findings map onto neural dissociations established within two
subsystems of the default network (DN), a network that shares consid-
erable neural resources with autobiographical memory (Andrews-Hanna
et al., 2010; Buckner et al., 2008; Spreng and Grady, 2009; Spreng et al.,
2009). The pattern associated with the contextual retrieval orientation
condition resembles the medial temporal DN subsystem, which has been
implicated in processing situational (contextual) aspects of mental
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Fig. 4. Brain scores (left; group average brain scores are shown with 95% confidence intervals) and activity patterns (right) of a mean-centered blocked PLS that
included the re-oriented recollection and oriented recollection phases for recent and remote memories under the tested retrieval orientation conditions. The top panel
illustrates the first significant latent variable (LV; p <.001, explaining 58.42% of the crossblock covariance). The experimental conditions with significant positive
brain scores (conceptual and contextual trials of oriented memories, irrespective of age) are associated with the neural activity patterns presented in warm colors and
the experimental conditions with significant negative brain scores (conceptual and contextual trials of re-oriented recollection, irrespective of age) are associated with
the neural activity patterns presented in cool colors. The bottom panel presents the second significant LV (p < .001, explaining 18.23% of the crossblock covariance).
The experimental conditions with significant positive brain scores (contextual re-oriented recollection of recent and remote) are associated with the neural activity
patterns presented in warm colors and the experimental conditions with significant negative brain scores (conceptual re-oriented recollection of recent and remote
memories) are associated with the neural activity patterns presented in cool colors.

simulations. The pattern associated with the conceptual orientation
condition resembles the dorsal medial DN subsystem, which has been
implicated in self-referential and evaluative processing (Andrews-Hanna
et al., 2010, 2014). Second, our findings align with evidence for sepa-
rable MTL memory systems for processing distinct informational com-
ponents of laboratory-learned stimuli (Ranganath and Ritchey, 2012).
This evidence has led to a proposed model of memory that includes an
anterior temporal lobe subsystem that supports evaluating information
and processing conceptual elements of a memory and a posterior medial
network that supports processing contextualized as well as perceptual
elements of a memory (Reagh and Ranganath, 2018). Regions within this
anterior temporal system overlap with those reported during the con-
ceptual retrieval orientation condition while regions within the posterior
medial system overlap with those reported during the contextual
retrieval orientation condition.

This collective evidence of a common distinction between processing
conceptual and contextual information during autobiographical memory

retrieval, resting-state, and MTL-mediated episodic memory tasks sug-
gests that there may be inherent neural systems tuned towards gener-
ating certain mnemonic content (Sheldon et al., 2019). Component
processing views suggest that there are dissociable brain structures that
support processing separate elements of a memory (Cabeza and Mosco-
vitch, 2013; Moscovitch, 1992; Moscovitch et al., 2016; Rubin, 2005).
Our findings further expand on this view and propose that certain com-
ponents work together to evaluate information at a higher-order event
level (e.g., lateral temporal and medial prefrontal regions) while other
components work together to re-activate sensory and perceptual infor-
mation (e.g., posterior parietal and parahippocampal regions). Although
there is evidence that conceptual and contextual ‘remembering’ can
systematically engage distinct neural subsystems as a result of one's
retrieval orientation, it is likely that both forms of remembering are
simultaneously engaged, albeit to different degrees, whenever autobio-
graphical memories are retrieved (Reagh and Ranganath, 2018; Sheldon
et al., 2019).
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Fig. 5. A. Brain scores (left; group average brain scores are shown with 95% confidence intervals from lag 4) and activity patterns corresponding to lag 4 (right) of a
mean-centered event-related PLS that modelled conceptual and contextual trial, separately for recent and remote memories for the significant latent variable (LV1;
P <.001, explaining 65.70% of the crossblock covariance). The experimental conditions with significant positive brain scores (conceptual retrieval orientation trials)
are associated with the neural activity patterns presented in warm colors and the experimental conditions with significant negative brain scores (contextual retrieval
orientation trials) are associated with the neural activity patterns presented in cool colors. B. Temporal brain scores (shown with standard error bars) for each trial type
(recent conceptual trials, recent contextual trials, remote conceptual trials, and remote contextual trials) indicating that the identified pattern from LV1 is maximally
expressed at lag 4 (i.e., during the new memory access phase of the trial). Note: lags 0-2 correspond to the re-oriented recollection phase of the trials, lags 3-5
correspond to the new memory access phase of the trials, and lags 6-9 correspond to the oriented recollection phase of the trials.

We also examined retrieval orientation effects at different stages
during the memory retrieval process and found that these effects were
most robust when recollection emphasized particular details of an
already-established memory (i.e., during re-oriented recollection) than
when recollection was guided by those details (i.e., during oriented
recollection). One possibility is that this reflects the fact that memory
representations are most malleable — and subject to orientation shifts —
after they have already been established compared to when different
orientations are used to search and establish a new memory represen-
tation. This interpretation runs parallel with work that have shown that a
memory becomes susceptible to being changed or updated when recalled
(Alberini, 2011; McKenzie and Eichenbaum, 2011; Nader and Hardt,
2009; Sara, 2010). Thus, when a change in retrieval-goal is introduced,
dynamic constructive memory processes are engaged to update an
already-formed memory representation. However, experiments with
laboratory stimuli indicate that orientation effects are the result of how a

memory is cued (Herron, 2018; Rugg and Wilding, 2000), presenting the
possibility that the retrieval orientation effects during memory recol-
lection we report are driven by differences in the pre-retrieval processes
that guided the search for mnemonic content. To test for this, we ran an
event-related PLS analysis that examined the effects of the orientation
manipulations across the trial period and found that the dissociable
neural activity patterns associated with the conceptual and contextual
orientations were maximally expressed during time points associated
with searching for a new autobiographical memory. This result supports
the proposal that the orientation effects during autobiographical memory
are primary driven by pre-retrieval processes, however, this analysis also
showed that these differences seem to be maintained into the subsequent
memory elaboration stage. This latter finding fits with the PLS analysis
results reported above.

Analyzing the time course of the retrieval orientation effect with an
event-related PLS approach revealed other interesting findings. First, we
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Fig. 6. Brain scores (left; group average brain scores are shown with 95% confidence intervals) and activity patterns (right) of a mean-centered PLS that included the
full recollection phase and the re-oriented recollection phase for recent and remote memories under the tested retrieval orientations. The top panel illustrates the first
significant latent variable (LV; p <.001, explaining 57.81% of the crossblock covariance). The experimental conditions with significant positive brain scores (full
recollection) are associated with the neural activity patterns presented in warm colors and the experimental conditions with significant negative brain scores (con-
ceptual and contextual trials of re-oriented recollection, irrespective of age) are associated with the neural activity patterns presented in cool colors. The bottom panel
presents the second significant LV (p <.001, explaining 26.55% of the crossblock covariance). The experimental conditions with significant positive brain scores
(conceptual trials of re-oriented recollection, irrespective of age) are associated with the neural activity patterns presented in warm colors and the experimental
conditions with significant negative brain scores (full recollection and contextual re-oriented recollection of recent and remote recollected memories) are associated

with the neural activity patterns presented in cool colors.

did not find a dissociation between the stages of retrieval like we did
when we ran the blocked PLS. This suggests that the first latent variable
of the initial PLS analysis that revealed dissociable neural patterns be-
tween re-orienting retrieval of an already-established memory (re-ori-
ented recollection) versus elaborating on a newly-accessed memory
(oriented recollection) could reflect different temporal stages of retrieval.
The patterns associated with the oriented recollection stage, which in-
volves a guided search for particular event details, versus the re-oriented
recollection stage, which focuses more on elaborating on specific details
of a memory, are reminiscent of the patterns reported during an initial
memory access (construction) and later detailed elaboration stages of
autobiographical memory retrieval (McCormick et al., 2018; McCormick
et al., 2015). Both memory ‘construction’ and the tested oriented recol-
lection stage engaged regions like the lateral prefrontal cortices and the
anterior hippocampus, which coincides with the idea that this hippo-
campal subregion is critical for accessing memories and initiating mental
construction (Addis and Schacter, 2012; Campbell et al., 2018; Zeidman
and Maguire, 2016). Both memory °‘elaboration’ and the tested
re-oriented recollection stage engaged brain regions involved in
attending to sensory and perceptual information that are critical for

vividly re-experiencing a past event (e.g., lateral parietal and posterior
occipital cortices; Inman et al., 2018; Monge et al., 2018).

In addition, the event related PLS analysis indicated that the neural
pattern associated with the contextual orientation subsystem was main-
tained from the initial memory access period into the oriented recollection
(i.e., elaboration) phase of autobiographical memory retrieval. This
finding suggests that spatial contextual information may act as a frame-
work or ‘scaffold’ for accessing more specific details of a recalled event
compared to conceptual information (for a review, see Robin, 2018). This
interpretation aligns with the results from the mean-centered blocked PLS
analysis comparing the stages of recollection with (i.e., re-oriented
recollection) and without (i.e., full recollection) a retrieval orientation.
This analysis revealed brain activity common between the full recollection
and the re-orientated stage for the contextual but not conceptual trials,
which we take as evidence that contextual processes are more similarly
recruited for various types of remembering (for related evidence, see
Hebscher et al., 2018; Robin et al., 2016). This idea is similar to scene
construction theory that suggests that autobiographical memory retrieval
hinges on the availability of a context or scene onto which event details
are projected (Hassabis and Maguire, 2007; Robin, 2018; Rubin and
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Umanath, 2015). When remembering the personal past, contextual in-
formation is more likely to be first reactivated to form the autobio-
graphical memory representation, which is then followed by the addition
of evaluative, perhaps more effortfully retrieved, conceptual information.

5. Limitations and conclusion

Here, we provide new evidence for discrete functional brain systems
for accessing two critical components of autobiographical memories —
conceptual and contextual details. However, there are a few methodo-
logical issues to consider when interpreting these findings. First, the
design of our study required that participants recall the same twelve pre-
selected memories multiple times during the full recollection and re-
oriented recollection phases (twice during the conceptual retrieval
orientation trials and twice during the contextual retrieval orientation
trials). These personalized cues were included in the experimental design
in an effort to ensure that participants could recall memories vividly and
thus access the targeted memory content (i.e., conceptual and contextual
details). This method of collecting personalized stimuli prior to scanning
has been used successfully in the past in imaging studies of autobio-
graphical memory (e.g., Addis et al., 2004; Maguire et al., 2001; Sheldon
and Levine, 2013; Svoboda and Levine, 2009). This design choice raises
questions about whether there are repetition effects influencing the re-
ported neural pattern. Repetition effects, particularly within the MTL,
have been documented with laboratory-based episodic memory retrieval
tasks (Brozinsky et al., 2005; Gonsalves et al., 2005; Grill-Spector et al.,
2006; Henson and Rugg, 2003; Suzuki et al., 2011), however, there is
also evidence that neural distinctions between different forms of memory
remain stable over repeated retrieval (e.g., Svoboda and Levine, 2009).
Thus, we do not suspect that the reported retrieval orientation effects
would be affected by repeated remembering.

Another limitation of our study was that we did not collect verbal
descriptions during the scan given the burden this would have placed on
participants while they were in the scanner. Nevertheless, we think our
reported neural dissociations would manifest behaviourally, based on
evidence that the contextual and conceptual elements of
autobiographical-like events dissociate in terms of forgetting rates
(Sekeres et al., 2016) and how certain aspects of memory are impaired
from brain damage. For example, patients with MTL dysfunction have
specific impairments in recollecting contextual but not general (i.e.,
conceptual) details from autobiographical memories (St-Laurent et al.,
2014; St-Laurent et al., 2009).

To conclude, our data show that biasing memory reconstruction to-
wards either conceptual or contextual mnemonic content will shift un-
derlying neural activity towards specific brain networks. This ‘shift’ leads
to different forms of episodic autobiographical remembering, high-
lighting the dynamic way we reconstruct the past. With this established,
future research can explore the reasons why the same autobiographical
memory can be retrieved in different ways (Alea and Bluck, 2007; Con-
way and Pleydell-Pearce, 2000; Pillemer, 2003; Sheldon et al., 2019). We
speculate that retrieving memories as conceptual or contextual entities
fulfill different retrieval goals. Remembering an event with an emphasis
on conceptual details or evaluating the meaning of a memory can be
useful for accessing autobiographical experiences to help think about a
solution to a current personal problem that is ambiguous. Alternatively,
remembering an event with more contextual details is useful when the
goal of remembering is to recall the past as it occurred, such as when
accurately recounting memories to other individuals (Prebble et al.,
2013; Sheldon et al., 2019). As such, these different forms of remem-
bering allow for mental representations of past experiences to be
reconstructed based on evaluations of the meaning of an experience
(conceptual remembering) as well as based on the particular experienced
elements of the remembered event (contextual remembering). These
possibilities all hinge on the idea that the neural processes that support
this autobiographical memory construction are determined by one's
current mental (retrieval) state.

Neurolmage 199 (2019) 534-544

Author's contributions

SS developed and designed the research project; LG collected the
data; LG and SS analyzed the data; and LG and SS wrote the manuscript.

Acknowledgements

This study was supported by a Canada Research Chair awarded to SS
and Natural Sciences and Engineering Research Council of Canada
awarded to SS. The authors would like to thank Sonja Chu and Elizabeth
DuTemple for help with data collection and organization, and Mary Pat
McAndrews for helpful conversations regarding the task design.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.neuroimage.2019.05.077.

References

Addis, D.R., Schacter, D.L., 2012. The hippocampus and imagining the future : where do
we stand ? Front. Hum. Neurosci. 5 (January), 1-15. https://doi.org/10.3389/fnh
um.2011.00173.

Addis, D.R., Moscovitch, M., Crawley, A.P., McAndrews, M.P., 2004. Recollective
qualities modulate hippocampal activation during autobiographical memory
retrieval. Hippocampus 14 (6), 752-762. https://doi.org/10.1002/hipo.10215.

Alberini, C.M., 2011. The role of reconsolidation and the dynamic process of long-term
memory formation and storage. Front. Behav. Neurosci. 5, 12. https://doi.org/10.33
89/fnbeh.2011.00012.

Alea, N., Bluck, S., 2007. I'll keep you in mind: the intimacy function of autobiographical
memory. Appl. Cognit. Psychol. 21 (8), 1091-1111. https://doi.org/10.1002
/acp.1316.

Andrews-Hanna, J.R., Reidler, J.S., Sepulcre, J., Poulin, R., Buckner, R.L., 2010.
Functional-anatomic fractionation of the brain's default network. Neuron 65 (4),
550-562. https://doi.org/10.1016/j.neuron.2010.02.005.

Andrews-Hanna, J.R., Smallwood, J., Spreng, R.N., 2014. The default network and self-
generated thought: component processes, dynamic control, and clinical relevance.
Ann. N. Y. Acad. Sci. 1316 (1), 29-52. https://doi.org/10.1111/nyas.12360.

Bartlett, F.C., 1932. Remembering: an Experimental and Social Study. Cambridge
University, Cambridge.

Brozinsky, C.J., Yonelinas, A.P., Kroll, N.E.A., Ranganath, C., 2005. Lag-sensitive
repetition suppression effects in the anterior parahippocampal gyrus. Hippocampus
15 (5), 557-561. https://doi.org/10.1002/hipo.20087.

Buckner, R.L., Andrews-Hanna, J.R., Schacter, D.L., 2008. The brain's default network:
anatomy, function, and relevance to disease. Ann. N. Y. Acad. Sci. 1124, 1-38. https
://doi.org/10.1196/annals.1440.011.

Cabeza, R., Moscovitch, M., 2013. Memory systems, processing modes, and components:
functional neuroimaging evidence. Perspect. Psychol. Sci. 8 (1), 49-55. https://doi
.0rg/10.1177/1745691612469033.

Campbell, K.L., Madore, K.P., Benoit, R.G., Thakral, P.P., Schacter, D.L., 2018. Increased
hippocampus to ventromedial prefrontal connectivity during the construction of
episodic future events. Hippocampus 28 (2), 76-80. https://doi.org/10.1002/h
ip0.22812.

Conway, M.A., 2001. Sensory-perceptual episodic memory and its context:
autobiographical memory. Phil. Trans. Biol. Sci. 356 (1413), 1375-1384. https://doi.
org/10.1098/rstb.2001.0940.

Conway, M.A., 2009. Episodic memories. Neuropsychologia 47 (11), 2305-2313. https
://doi.org/10.1016/j.neuropsychologia.2009.02.003.

Conway, M., Pleydell-Pearce, C., 2000. The construction of autobiographical memories in
the self-memory system. Psychol. Rev. 108 (1), 83-95. https://doi.org/10.1037//
0033-295X.

Cox, R.W., 1996. AFNI: software for analysis and visualization of functional magnetic
resonance neuroimages. Comput. Biomed. Res. Int. J. 29 (3), 162-173. https://doi.
org/10.1006/cbmr.1996.0014.

Dixon, M.L., Fox, K.C.R., Christoff, K., 2014. A framework for understanding the
relationship between externally and internally directed cognition. Neuropsychologia
62, 321-330. https://doi.org/10.1016/j.neuropsychologia.2014.05.024.

Gilboa, A., Winocur, G., Grady, C.L., Hevenor, S.J., Moscovitch, M., 2004. Remembering
our past: functional neuroanatomy of recollection of recent and very remote personal
events. Cerebr. Cortex 14 (11), 1214-1225. https://doi.org/10.1093/cercor/bhh082.

Gonsalves, B.D., Kahn, I., Curran, T., Norman, K.A., Wagner, A.D., 2005. Memory strength
and repetition suppression: multimodal imaging of medial temporal cortical
contributions to recognition. Neuron 47 (5), 751-761. https://doi.org/10.1016/j
.neuron.2005.07.013.

Grill-Spector, K., Henson, R., Martin, A., 2006. Repetition and the brain: neural models of
stimulus-specific effects. Trends Cognit. Sci. 10 (1), 14-23. https://doi.org/10.1016
/j.tics.2005.11.006.

Hassabis, D., Maguire, E.A., 2007. Deconstructing episodic memory with construction.
Trends Cognit. Sci. 11 (7), 299-306. https://doi.org/10.1016/j.tics.2007.05.001 .


https://doi.org/10.1016/j.neuroimage.2019.05.077
https://doi.org/10.1016/j.neuroimage.2019.05.077
https://doi.org/10.3389/fnhum.2011.00173
https://doi.org/10.3389/fnhum.2011.00173
https://doi.org/10.1002/hipo.10215
https://doi.org/10.3389/fnbeh.2011.00012
https://doi.org/10.3389/fnbeh.2011.00012
https://doi.org/10.1002/acp.1316
https://doi.org/10.1002/acp.1316
https://doi.org/10.1016/j.neuron.2010.02.005
https://doi.org/10.1111/nyas.12360
http://refhub.elsevier.com/S1053-8119(19)30473-2/sref7
http://refhub.elsevier.com/S1053-8119(19)30473-2/sref7
https://doi.org/10.1002/hipo.20087
https://doi.org/10.1196/annals.1440.011
https://doi.org/10.1196/annals.1440.011
https://doi.org/10.1177/1745691612469033
https://doi.org/10.1177/1745691612469033
https://doi.org/10.1002/hipo.22812
https://doi.org/10.1002/hipo.22812
https://doi.org/10.1098/rstb.2001.0940
https://doi.org/10.1098/rstb.2001.0940
https://doi.org/10.1016/j.neuropsychologia.2009.02.003
https://doi.org/10.1016/j.neuropsychologia.2009.02.003
https://doi.org/10.1037//0033-295X
https://doi.org/10.1037//0033-295X
https://doi.org/10.1006/cbmr.1996.0014
https://doi.org/10.1006/cbmr.1996.0014
https://doi.org/10.1016/j.neuropsychologia.2014.05.024
https://doi.org/10.1093/cercor/bhh082
https://doi.org/10.1016/j.neuron.2005.07.013
https://doi.org/10.1016/j.neuron.2005.07.013
https://doi.org/10.1016/j.tics.2005.11.006
https://doi.org/10.1016/j.tics.2005.11.006
https://doi.org/10.1016/j.tics.2007.05.001

L. Gurguryan, S. Sheldon

Hebscher, M., Levine, B., Gilboa, A., 2018. The precuneus and hippocampus contribute to
individual differences in the unfolding of spatial representations during episodic
autobiographical memory. Neuropsychologia 110, 123-133. November 2016. https
://doi.org/10.1016/j.neuropsychologia.2017.03.029.

Henson, R.N.A., Rugg, M.D., 2003. Neural response suppression, haemodynamic
repetition effects, and behavioural priming. Neuropsychologia 41 (3), 263-270.
https://doi.org/10.1016/50028-3932(02)00159-8.

Herron, J.E., 2018. Direct electrophysiological evidence for the maintenance of retrieval
orientations and the role of cognitive control. Neuroimage 172, 228-238. February.
https://doi.org/10.1016/j.neuroimage.2018.01.062.

Herron, J.E., Rugg, M.D., 2003. Retrieval orientation and the control of recollection.

J. Cogn. Neurosci. 15 (6), 843-854. https://doi.org/10.1162/089892903322370762.
Herron, J.E., Evans, L.H., Wilding, E.L., 2016. Electrophysiological evidence for flexible
goal-directed cue processing during episodic retrieval. Neuroimage 132, 24-31.

https://doi.org/10.1016/j.neuroimage.2016.02.025.

Inman, C.S., James, G.A., Vytal, K., Hamann, S., 2018. Dynamic changes in large-scale
functional network organization during autobiographical memory retrieval.
Neuropsychologia 110, 208-224. https://doi.org/10.1016/j.neuropsychologia.20
17.09.020.

Krishnan, A., Williams, L.J., McIntosh, A.R., Abdi, H., 2011. Partial Least Squares (PLS)
methods for neuroimaging: a tutorial and review. Neuroimage 56 (2), 455-475.
https://doi.org/10.1016/j.neuroimage.2010.07.034.

Lee, M.H., Hacker, C.D., Snyder, A.Z., Corbetta, M., Zhang, D., Leuthardt, E.C.,
Shimony, J.S., 2012. Clustering of resting state networks. PLoS One 7 (7), e40370.
https://doi.org/10.1371/journal.pone.0040370.

Maguire, E.A., Vargha-Khadem, F., Mishkin, M., 2001. The effects of bilateral
hippocampal damage on fMRI regional activations and interactions during memory
retrieval. Brain 124 (6), 1156-1170. https://doi.org/10.1093/brain/124.6.1156.

McCormick, C., St-Laurent, M., Ty, A., Valiante, T.A., McAndrews, M.P., 2015. Functional
and effective hippocampal-neocortical connectivity during construction and
elaboration of autobiographical memory retrieval. Cerebr. Cortex 25 (5), 1297-1305.
https://doi.org/10.1093/cercor/bht324.

McCormick, C., Moscovitch, M., Valiante, T.A., Cohn, M., McAndrews, M.P., 2018.
Different neural routes to autobiographical memory recall in healthy people and
individuals with left medial temporal lobe epilepsy. Neuropsychologia 110, 26-36.
August 2017. https://doi.org/10.1016/j.neuropsychologia.2017.08.014.

Mclntosh, A.R., Lobaugh, N.J., 2004. Partial least squares analysis of neuroimaging data:
applications and advances. Neuroimage 23 (Suppl. 1), 250-263. https://doi.org/10.
1016/j.neuroimage.2004.07.020.

McIntosh, A.R., Bookstein, F.L., Haxby, J.V., Grady, C.L., 1996. Spatial pattern analysis of
functional brain images using partial least squares. Neuroimage 3 (3), 143-157.
https://doi.org/10.1006/nimg.1996.0016.

McKenzie, S., Eichenbaum, H., 2011. Consolidation and reconsolidation: two lives of
memories? Neuron 71 (2), 224-233. https://doi.org/10.1016/j.neuron.2011.06.037.

Monge, Z.A., Wing, E.A., Stokes, J., Cabeza, R., 2018. Search and recovery of
autobiographical and laboratory memories: shared and distinct neural components.
Neuropsychologia 110, 44-54. July 2017. https://doi.org/10.1016/j.neuropsycholog
ia.2017.07.030.

Morcom, A.M., Rugg, M.D., 2012. Retrieval orientation and the control of recollection: an
fMRI study. J. Cogn. Neurosci. 24 (12), 2372-2384. https://doi.org/10.1162/joc
n_a_00299.

Moscovitch, M., 1992. A neuropsychological model of memory and consciousness.
Neuropsychol. Mem. 2, 5-22.

Moscovitch, M., Cabeza, R., Winocur, G., Nadel, L., 2016. Episodic memory and beyond:
the Hippocampus and neocortex in transformation. Annu. Rev. Psychol. 67, 105-134.
https://doi.org/10.1146/annurev-psych-113011-143733 .

Nadel, L., Samsonovich, A., Ryan, L., Moscovitch, M., 2000. Multiple trace theory of
human memory: computational, neuroimaging, and neuropsychological results.
Hippocampus 10 (4), 352-368 https://doi.org/10.1002/1098-1063(2000)10:
4<352::AID-HIPO2>3.0.CO;2-D.

Nadel, 1., Moscovitch, M., 1997. Memory reconsolidation, retrograde amnesia and the
hippocampal complex. Cogn. Neurosci. 217-227.
https://doi.org/10.1016/50959-4388(97)80010-4.

Nadel, L., Winocur, G., Ryan, L., Moscovitch, M., 2007. Systems consolidation and
hippocampus : two views, 55-66. https://doi.org/10.1007/511559-007-9003-9.
Nader, K., Hardt, O., 2009. A single standard for memory: the case for reconsolidation.

Nat. Rev. Neurosci. 10 (3), 224. https://doi.org/10.1038/nrn2590.

Pillemer, D.B., 2003. Directive functions of autobiographical memory: the guiding power
of the specific episode. Memory 11 (2), 193-202. https://doi.org/10.1080/
741938208.

Prebble, S.C., Addis, D.R., Tippett, L.J., 2013. Autobiographical memory and sense of self.
Psychol. Bull. 139 (4), 815. https://doi.org/10.1037/a0030146.

Ranganath, C., Ritchey, M., 2012. Two cortical systems for memory-guided behaviour.
Nat. Rev. Neurosci. 13 (10), 713-726. https://doi.org/10.1038/nrn3338.

Reagh, Z.M., Ranganath, C., 2018. What does the functional organization of cortico-
hippocampal networks tell us about the functional organization of memory?
Neurosci. Lett. 680, 69-76. April. https://doi.org/10.1016/j.neulet.2018.04.050.

Robb, W.G.K., Rugg, M.D., 2002. Electrophysiological dissociation of retrieval orientation
and retrieval effort. Psychon. Bull. Rev. 9 (3), 583-589. https://doi.org/10.3758/B
F03196316.

Robin, J., 2018. Spatial scaffold effects in event memory and imagination. Wiley
Interdiscip. Rev.: Cogn. Sci. €1462. August 2017. https://doi.org/10.1002/wcs.1462.

Robin, J., Moscovitch, M., 2017. Details, gist and schema: hippocampal-neocortical
interactions underlying recent and remote episodic and spatial memory. Curr. Opin.
Behav. Sci. 17, 114-123. https://doi.org/10.1016/j.cobeha.2017.07.016 .

544

Neurolmage 199 (2019) 534-544

Robin, J., Wynn, J., Moscovitch, M., 2016. The spatial scaffold: the effects of spatial
context on memory for events. J. Exp. Psychol. Learn. Mem. Cogn. 42 (2), 308-315.
https://doi.org/10.1037/xIlm0000167.

Rubin, D.C., 2005. A basic-systems approach to autobiographical memory. Curr. Dir.
Psychol. Sci. 14 (2), 79-83. https://doi.org/10.1111/j.0963-7214.2005.00339.x.

Rubin, D.C., Umanath, S., 2015. Event memory: a theory of memory for laboratory,
autobiographical, and fictional events. Psychol. Rev. 122 (1), 1-23. https://doi.o
rg/10.1037/a0037907.

Rugg, M.D., Wilding, E.L., 2000. Retrieval processing and episodic memory. Trends
Cognit. Sci. 4 (3), 108-115. https://doi.org/10.1016/51364-6613(00)01445-5.
Sara, S.J., 2010. Reactivation, retrieval, replay and reconsolidation in and out of sleep:
connecting the dots. Front. Behav. Neurosci. 4, 185. https://doi.org/10.3389/fnbeh

.2010.00185.

Schacter, D.L., 2012. Adaptive constructive processes and the future of memory. Am.
Psychol. 67 (8), 603. https://doi.org/10.1037/a0029869 .

Schacter, D., Addis, D.R., 2007. The cognitive neuroscience of constructive memory:
remembering the past and imagining the future. Phil. Trans. Biol. Sci. 362 (1481),
773-786. https://doi.org/10.1098/rstb.2007.2087.

Schacter, D.L., Addis, D.R., Hassabis, D., Martin, V.C., Spreng, R.N., Szpunar, K.K., 2012.
Review the future of Memory : remembering , imagining , and the brain. Neuron 76
(4), 677-694. https://doi.org/10.1016/j.neuron.2012.11.001.

Sekeres, M.J., Bonasia, K., St-Laurent, M., Pishdadian, S., Winocur, G., Grady, C.,
Moscovitch, M., 2016. Recovering and preventing loss of detailed memory:
differential rates of forgetting for detail types in episodic memory. Learn. Mem. 23
(2), 72-82. https://doi.org/10.1101/Im.039057.115.

Sheldon, S., Levine, B., 2013. Same as it ever was: vividness modulates the similarities
and differences between the neural networks that support retrieving remote and
recent autobiographical memories. Neuroimage 83, 880-891. https://doi.org/10.10
16/j.neuroimage.2013.06.082.

Sheldon, S., Levine, B., 2016. The role of the hippocampus in memory and mental
construction. Ann. N. Y. Acad. Sci. 1369 (1), 76-92. https://doi.org/10.1111/nyas
.13006.

Sheldon, S., Fenerci, C., Gurguryan, L., 2019. A neurocognitive perspective on the
different forms and functions of autobiographical memory retrieval. Front. Syst.
Neurosci. 13, 4. https://doi.org/10.3389/fnsys.2019.00004.

Spreng, R.N., Grady, C.L., 2009. Patterns of brain activity supporting autobiographical
memory, prospection, and theory of mind, and their relationship to the default mode
network. J. Cogn. Neurosci. 22. https://doi.org/10.1162/jocn.2009.21282.

Spreng, R.N., Mar, R.A., Kim, A.S.N., 2009. The common neural basis of autobiographical
memory, prospection, navigation, theory of mind, and the default mode: a
quantitative meta-analysis. J. Cogn. Neurosci. 21 (3), 489-510. https://doi.org/1
0.1162/jocn.2008.21029 .

Squire, L.R., Stark, C.E., Clark, R.E., 2004. The medial temporal lobe. Annu. Rev.
Neurosci. 27, 279-306. https://doi.org/10.1146/annurev.neuro.27.070203.144130.

St-Laurent, M., Moscovitch, M., Levine, B., McAndrews, M.P., 2009. Determinants of
autobiographical memory in patients with unilateral temporal lobe epilepsy or
excisions. Neuropsychologia 47 (11), 2211-2221. https://doi.org/10.1016/j.neurops
ychologia.2009.01.032.

St-Laurent, M., Moscovitch, M., Jadd, R., Mcandrews, M.P., 2014. The perceptual richness
of complex memory episodes is compromised by medial temporal lobe damage.
Hippocampus 24 (5), 560-576. https://doi.org/10.1002/hipo.22249.

Steinvorth, S., Levine, B., Corkin, S., 2005. Medial temporal lobe structures are needed to
re-experience remote autobiographical memories: evidence from H.M. and W.R.
Neuropsychologia 43 (4), 479-496. https://doi.org/10.1016/j.neuropsychologia.200
5.01.001.

Stenberg, G., Johansson, M., Rosén, I., 2006. Conceptual and perceptual memory:
retrieval orientations reflected in event-related potentials. Acta Psychol. 122 (2),
174-205. https://doi.org/10.1016/j.actpsy.2005.11.001.

Suzuki, M., Johnson, J.D., Rugg, M.D., 2011. Decrements in hippocampal activity with
item repetition during continuous recognition: an fMRI study. J. Cogn. Neurosci. 23
(6), 1522-1532. https://doi.org/10.1162/jocn.2010.21535.

Svoboda, E., Levine, B., 2009. The effects of rehearsal on the functional neuroanatomy of
episodic autobiographical and semantic remembering: a functional magnetic
resonance imaging study. J. Neurosci. 29 (10), 3073-3082. https://doi.org/10.1523/
JNEUROSCI.3452-08.2009.

Svoboda, E., McKinnon, M.C., Levine, B., 2006. The functional neuroanatomy of
autobiographical memory: a meta-analysis. Neuropsychologia 44 (12), 2189-2208.
https://doi.org/10.1016/j.neuropsychologia.2006.05.023.

Tulving, E., 1983. Elements of episodic memory. Can. Psychol. 26 (3), 351. https://doi.
org/10.1017/50140525X0004440X.

Tulving, E., 2002. Episodic memory: from mind to brain. Annu. Rev. Psychol. 53, 1-25.
https://doi.org/10.1146/annurev.psych.53.100901.135114.

Viard, A., Piolino, P., Desgranges, B., Chételat, G., Lebreton, K., Landeau, B., et al., 2007.
Hippocampal activation for autobiographical memories over the entire lifetime in
healthy aged subjects: an fMRI study. Cerebr. Cortex 17 (10), 2453-2467. https://
doi.org/10.1093/cercor/bhl153.

Winocur, G., Moscovitch, M., 2011. Memory transformation and systems consolidation.
J. Int. Neuropsychol. Soc. 17 (5), 766-780. https://doi.org/10.1017/51355617711
000683.

Zeidman, P., Maguire, E.A., 2016. Anterior hippocampus: the anatomy of perception,
imagination and episodic memory. Nat. Rev. Neurosci. 17 (3), 173-182. https://
doi.org/10.1038/nrn.2015.24.


https://doi.org/10.1016/j.neuropsychologia.2017.03.029
https://doi.org/10.1016/j.neuropsychologia.2017.03.029
https://doi.org/10.1016/S0028-3932(02)00159-8
https://doi.org/10.1016/j.neuroimage.2018.01.062
https://doi.org/10.1162/089892903322370762
https://doi.org/10.1016/j.neuroimage.2016.02.025
https://doi.org/10.1016/j.neuropsychologia.2017.09.020
https://doi.org/10.1016/j.neuropsychologia.2017.09.020
https://doi.org/10.1016/j.neuroimage.2010.07.034
https://doi.org/10.1371/journal.pone.0040370
https://doi.org/10.1093/brain/124.6.1156
https://doi.org/10.1093/cercor/bht324
https://doi.org/10.1016/j.neuropsychologia.2017.08.014
https://doi.org/10.1016/j.neuroimage.2004.07.020
https://doi.org/10.1016/j.neuroimage.2004.07.020
https://doi.org/10.1006/nimg.1996.0016
https://doi.org/10.1016/j.neuron.2011.06.037
https://doi.org/10.1016/j.neuropsychologia.2017.07.030
https://doi.org/10.1016/j.neuropsychologia.2017.07.030
https://doi.org/10.1162/jocn_a_00299
https://doi.org/10.1162/jocn_a_00299
http://refhub.elsevier.com/S1053-8119(19)30473-2/sref37
http://refhub.elsevier.com/S1053-8119(19)30473-2/sref37
http://refhub.elsevier.com/S1053-8119(19)30473-2/sref37
https://doi.org/10.1146/annurev-psych-113011-143733
http://refhub.elsevier.com/S1053-8119(19)30473-2/sref39
http://refhub.elsevier.com/S1053-8119(19)30473-2/sref39
http://refhub.elsevier.com/S1053-8119(19)30473-2/sref39
http://refhub.elsevier.com/S1053-8119(19)30473-2/sref39
http://refhub.elsevier.com/S1053-8119(19)30473-2/sref39
http://refhub.elsevier.com/S1053-8119(19)30473-2/sref39
http://refhub.elsevier.com/S1053-8119(19)30473-2/sref39
https://doi.org/10.1016/S0959-4388(97)80010-4
https://doi.org/10.1007/s11559-007-9003-9
https://doi.org/10.1038/nrn2590
https://doi.org/10.1080/741938208
https://doi.org/10.1080/741938208
https://doi.org/10.1037/a0030146
https://doi.org/10.1038/nrn3338
https://doi.org/10.1016/j.neulet.2018.04.050
https://doi.org/10.3758/BF03196316
https://doi.org/10.3758/BF03196316
https://doi.org/10.1002/wcs.1462
https://doi.org/10.1016/j.cobeha.2017.07.016
https://doi.org/10.1037/xlm0000167
https://doi.org/10.1111/j.0963-7214.2005.00339.x
https://doi.org/10.1037/a0037907
https://doi.org/10.1037/a0037907
https://doi.org/10.1016/S1364-6613(00)01445-5
https://doi.org/10.3389/fnbeh.2010.00185
https://doi.org/10.3389/fnbeh.2010.00185
https://doi.org/10.1037/a0029869
https://doi.org/10.1098/rstb.2007.2087
https://doi.org/10.1016/j.neuron.2012.11.001
https://doi.org/10.1101/lm.039057.115
https://doi.org/10.1016/j.neuroimage.2013.06.082
https://doi.org/10.1016/j.neuroimage.2013.06.082
https://doi.org/10.1111/nyas.13006
https://doi.org/10.1111/nyas.13006
https://doi.org/10.3389/fnsys.2019.00004
https://doi.org/10.1162/jocn.2009.21282
https://doi.org/10.1162/jocn.2008.21029
https://doi.org/10.1162/jocn.2008.21029
https://doi.org/10.1146/annurev.neuro.27.070203.144130
https://doi.org/10.1016/j.neuropsychologia.2009.01.032
https://doi.org/10.1016/j.neuropsychologia.2009.01.032
https://doi.org/10.1002/hipo.22249
https://doi.org/10.1016/j.neuropsychologia.2005.01.001
https://doi.org/10.1016/j.neuropsychologia.2005.01.001
https://doi.org/10.1016/j.actpsy.2005.11.001
https://doi.org/10.1162/jocn.2010.21535
https://doi.org/10.1523/JNEUROSCI.3452-08.2009
https://doi.org/10.1523/JNEUROSCI.3452-08.2009
https://doi.org/10.1016/j.neuropsychologia.2006.05.023
https://doi.org/10.1017/S0140525X0004440X
https://doi.org/10.1017/S0140525X0004440X
https://doi.org/10.1146/annurev.psych.53.100901.135114
https://doi.org/10.1093/cercor/bhl153
https://doi.org/10.1093/cercor/bhl153
https://doi.org/10.1017/S1355617711000683
https://doi.org/10.1017/S1355617711000683
https://doi.org/10.1038/nrn.2015.24
https://doi.org/10.1038/nrn.2015.24

	Retrieval orientation alters neural activity during autobiographical memory recollection
	1. Introduction
	2. Methods
	2.1. Participants
	2.2. Procedure
	2.2.1. Pre-scan autobiographical memory generation
	2.2.2. Scan session
	2.2.3. fMRI data acquisition
	2.2.4. Post-scan session

	2.3. fMRI preprocessing and statistical analyses

	3. Results
	3.1. Behavioural results
	3.2. fMRI results
	3.2.1. Common patterns of activity
	3.2.2. Distinct patterns of activity

	3.3. Univariate analyses
	3.3.1. Orientation effects during re-oriented recollection
	3.3.2. Orientation effects during oriented recollection

	3.4. Multivariate analyses

	4. Discussion
	5. Limitations and conclusion
	Author's contributions
	Acknowledgements
	Appendix A. Supplementary data
	References


