
G

N

T
c

A
a

b

c

d

a

A
R
R
A
A

K
A
P
M

1

e
c
a
2
p
f
2
s
a
q
i
p
u
2
o
d
i

i

0
d

ARTICLE IN PRESS Model

SY-4198; No. of Pages 14

Neuropsychologia xxx (2011) xxx– xxx

Contents lists available at ScienceDirect

Neuropsychologia

jo u rn al hom epa ge : www.elsev ier .com/ locate /neuropsychologia

he  neural  correlates  of  specific  versus  general  autobiographical  memory
onstruction  and  elaboration

lisha  C.  Hollanda,∗,  Donna  Rose  Addisb,c,  Elizabeth  A.  Kensingera,d

Department of Psychology, Boston College, Chestnut Hill, MA  02467, USA
Department of Psychology, The University of Auckland, Auckland, New Zealand
Centre for Brain Research, The University of Auckland, Auckland, New Zealand
Athinoula A. Martinos Center for Biomedical Imaging, Charlestown, MA, USA

 r  t  i  c  l  e  i  n  f  o

rticle history:
eceived 29 December 2010
eceived in revised form 12 July 2011
ccepted 17 July 2011
vailable online xxx

a  b  s  t  r  a  c  t

We  examined  the  neural  correlates  of  specific  (i.e.,  unique  to time  and  place)  and  general  (i.e.,  extended
in or  repeated  over  time)  autobiographical  memories  (AMs)  during  their  initial  construction  and  later
elaboration  phases.  The  construction  and  elaboration  of  specific  and  general  events  engaged  a  widely
distributed  set  of  regions  previously  associated  with  AM  recall.  Specific  (vs.  general)  event  construction
preferentially  engaged  prefrontal  and  medial  temporal  lobe  regions  known  to  be  critical  for  memory
eywords:
utobiographical memory
refrontal cortex
edial temporal lobe

search  and  retrieval  processes.  General  event  elaboration  was  differentiated  from  specific  event  elabo-
ration  by  extensive  right-lateralized  prefrontal  cortex  (PFC)  activity.  Interaction  analyses  confirmed  that
PFC activity  was  disproportionately  engaged  by  specific  AMs  during  construction,  and  general  AMs  during
elaboration;  a similar  pattern  was  evident  in  regions  of  the  left lateral  temporal  lobe.  These  neural  differ-
ences between  specific  and  general  AM  construction  and  elaboration  were  largely  unrelated  to  reported
differences  in the  level  of detail  recalled  about  each  type  of  event.
. Introduction

The process of remembering complex and richly detailed
pisodes, including those that are autobiographical in nature, is
onstructive and extended in time such that it can be divided into
t least two phases (e.g., Conway, Pleydell-Pearce, & Whitecross,
001; Daselaar et al., 2008). It has been suggested that the first
hase of autobiographical memory (AM), memory construction or
ormation, is an iterative process (e.g., Conway & Pleydell-Pearce,
000; Conway & Rubin, 1993). The cycle begins with memory
earch processes based on an initial cue specification (e.g., recall
n event associated with the cue word “tree”) and leads to a subse-
uent evaluation of the search results. If the retrieved information

s deemed to meet the goals of the retrieval task in the evaluation
hase, the cycle stops; if not, then the output of the search phase is
sed as a cue to begin the cycle again (Conway & Pleydell-Pearce,
000; Conway & Rubin, 1993). Following this initial phase of mem-
ry construction is a second phase known as event elaboration,
uring which time the fully constructed event is held in mind and
Please cite this article in press as: Holland, A. C., et al. The neural correlates 
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ts details expounded upon (e.g., Conway et al., 2001).
The goal of the present study was to extend our understand-

ng of the neural correlates of these two phases – AM construction
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and elaboration – beyond specific events that are unique to a par-
ticular time and place to those general autobiographical events
that are either summaries of repeated events or extended in time
(Barsalou, 1988; Conway & Pleydell-Pearce, 2000; Conway et al.,
2001). Autobiographical memory has traditionally been defined
in the literature as memory for specific episodes. As such, most
neuroimaging work on AM has focused on the retrieval of spe-
cific AMs  (e.g., Cabeza et al., 2004; Daselaar et al., 2008; Fink
et al., 1996; Greenberg et al., 2005; Maguire & Mummery, 1999;
Maguire, Mummery, & Büchel, 2000; Maguire, Vargha-Khadem,
& Mishkin, 2001; for reviews, see Cabeza & St. Jacques, 2007;
Svoboda, McKinnon, & Levine, 2006). This focus on specific AMs
might also be for a more practical reason: Many AM studies uti-
lize the traditional Crovitz cue word task (Crovitz & Schiffman,
1974), whose instructions are designed to elicit specific AMs, and as
such, general AMs  are treated as errors. Although general autobio-
graphical events have largely been disregarded in the neuroimaging
literature, theoretical and behavioral evidence suggests that they
are psychologically distinct from specific AMs  (e.g., Williams &
Dritschel, 1992). General AM retrieval theoretically allows for fast
– and less cognitively demanding – access to summaries of specific
events (Conway et al., 2001; Conway & Rubin, 1993; Williams &
of specific versus general autobiographical memory construction and
1.07.015

Dritschel, 1992). Accordingly so, general AMs  are accessed earlier
during the iterative retrieval cycle (Conway et al., 2001), and are
associated with more abstract or conceptual (vs. sensory specific)
details than specific AMs  (Greenberg & Rubin, 2003). Behavioral
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In the present fMRI study, we  used the Crovitz cueing paradigm
with modified task instructions, such that we did not provide direc-
tions regarding memory specificity to elicit a mix  of both specific
ARTICLESY-4198; No. of Pages 14
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nd/or neural activity during the earlier construction phase of AM,
hen the iterative search, retrieval, and monitoring cycle is tak-

ng place, may  dictate the ultimate specificity of the recalled event
Conway, 2005; Conway et al., 2001).

Despite the paucity of work examining the differences between
pecific and general AM construction and elaboration, neuroimag-
ng studies of specific AM retrieval have converged upon a widely
istributed “autobiographical memory network” (reviewed by
abeza & St. Jacques, 2007; Svoboda et al., 2006). The network is
omprised of several areas of the PFC – including primarily left-
ateralized dorsolateral (BA 9/46) and ventrolateral (BA 47) areas
ritical for initiating the search and retrieval processes during AM
onstruction. The ventromedial PFC (BA 11/13/25) is thought to
e responsible for the monitoring of the retrieved information to
nsure that it meets the retrieval task requirements at hand (anal-
gous to the evaluation stage in the iterative retrieval model), and
he medial PFC corresponds to the self-referential processing that
s a hallmark of AM (Cabeza & St. Jacques, 2007). Within the medial
emporal lobes (MTL), the hippocampus is known to be critical
or AM retrieval, and appears to act as a “pointer” to the specific
ensory and perceptual details stored in cortical regions (Nadel

 Moscovitch, 1997). Indeed, activity in these posterior cortical
egions responsible for the storage of sensory details (e.g., pre-
uneus, cuneus, and other areas of the occipital and parietal lobes) is
lso a hallmark of specific AM retrieval (Cabeza & St. Jacques, 2007;
voboda et al., 2006), particularly during the later phases of specific
M construction and remains robust throughout the elaboration
hase (Conway et al., 2001).

There is some evidence suggesting that the specificity of mem-
ries modulates activation in regions associated with this core
M network. A small set of experiments has examined a question
elated to that of the present study by contrasting temporally and
ontextually specific AMs  with autobiographical knowledge that
s not confined to a particular time or place (e.g., “My  brother’s
ame is Joe”; Levine et al., 2004; Maguire & Mummery, 1999).
hese studies have demonstrated that while both types of memory
ecruit regions associated with AM retrieval, the level of activity
s enhanced by specificity. For example, specific autobiographical

emories engage left-lateralized regions – including the left hip-
ocampus and left temporal pole – as well as the medial PFC to

 greater extent than more semanticized types of memory that
ack temporal specificity (Maguire & Mummery, 1999). A related
tudy restricted analysis to contrasting personal episodic (i.e., spe-
ific) and personal semantic information (including some repeated
ctivities, such as making coffee) (Levine et al., 2004). A partial least
quares (PLS) analysis revealed these types of AM recruited distinct
etworks: Personal episodic memories engaged several regions of
he standard AM retrieval network, such as left-lateralized medial
FC, the MTL, and the posterior cingulate cortex, whereas personal
emantic memories engaged left temporo-parietal and parieto-
rontal regions (Levine et al., 2004).

Although the studies reviewed to this point suggest specificity
odulates the neural regions engaged by AM retrieval, includ-

ng PFC and MTL  regions, these studies have focused on personal
emantic knowledge rather than general AMs  as they have been
efined in the literature (e.g., Conway & Pleydell-Pearce, 2000).
ersonal semantic knowledge (e.g., my  brother’s name) is not the
ame as general autobiographical events that are either repeated
r extended in time (e.g., walking my  brother to school every day).
utobiographical knowledge can be completely divorced from both
patial and temporal contexts, whereas general events are still
ssociated with contextual information (Conway & Pleydell-Pearce,
Please cite this article in press as: Holland, A. C., et al. The neural correlates 
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000). Addis and colleagues more directly demonstrated the neural
ifferences between specific and general AMs  by restricting the def-

nition of general AMs  to categories of repeated events. Participants
etrieved specific and general AMs  in response to personalized cues
 PRESS
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obtained in a pre-scan interview. These data were analyzed using
GLM (Addis, Moscovitch, Crawley, & McAndrews, 2004) and PLS
(Addis, McIntosh, Moscovitch, Crawley, & McAndrews, 2004) analy-
ses, and confirmed that both forms of AM commonly recruit regions
in the AM retrieval network, such as the hippocampus. However,
elaboration of specific AMs  differentially recruited regions related
to contextual/episodic imagery, such as the medial parietal cortex,
to a greater extent than general AMs, likely reflecting the greater
amount of visual detail present in specific AMs. General memory
retrieval, however, was  characterized by maximal activity in the
right lateral inferior temporal gyrus, likely reflecting the recall of
conceptual knowledge that may  feature more strongly for the more
abstract general AMs.

Although these results confirm that specific and general AM
retrieval can be differentiated at both a behavioral and neural level,
this paradigm used cues that were personally tailored to individ-
ual AMs, therefore by-passing the need for a construction or search
phase, and thus only focused on a brief (6 s) elaboration period.
Alternatively, one can forego the pre-scan interview and instead
ask participants to retrieve AMs  in response to cue words while in
the scanner. The use of generic cues and extended trial times has
allowed researchers to tease apart AM construction from elabora-
tion (e.g., Addis, Cheng, Roberts, & Schacter, in press; Addis, Pan, Vu,
Laiser, & Schacter, 2009; Addis, Wong, & Schacter, 2007; Conway
et al., 2001; Conway, Pleydell-Pearce, Whitecross, & Sharpe, 2003;
Daselaar et al., 2008; Steinvorth, Corkin, & Halgren, 2006). However,
the majority of studies to this point have instructed individuals to
retrieve specific events, and general events retrieved were not ana-
lyzed (e.g., Addis et al., 2007; Addis et al., 2009) or not considered in
the analyses (e.g., Conway et al., 2001; Conway et al., 2003; Daselaar
et al., 2008).1

Hennessey Ford, Addis, and Giovanello (in press) recently exam-
ined the construction phase of specific and general AMs elicited
in response to musical cues. They reported that retrieval of spe-
cific versus general events resulted in increased activity in many
regions previously associated with AM retrieval, including bilat-
eral MTL, precuneus, and medial and dorsolateral PFC. These neural
differences were argued to reflect the more vivid levels of detail
characteristic of specific relative to general events, particularly as
the increased activity was  evident in regions supporting recon-
struction of detail, episodic imagery and monitoring of retrieved
content. However, to date, it has not been examined whether such
neural differences between specific and general events exist even
when differences in detail are accounted for. It also is not known
whether the results of Hennessey Ford et al. (in press) are particular
to instances in which music is used to cue memory. It has been pro-
posed that music may  cue memory in unique ways (Janata, 2009)
and so it is possible that the effects reported by Hennessey Ford
et al. (in press) would not generalize to other cuing paradigms.

Furthermore, it is not clear whether such neural differences
between specific and general events are evident through all phases
of AM retrieval, and as yet, no study has directly examined this.
Taking together the findings of different studies examining spe-
cific versus general AMs  either at construction (e.g., Hennessey
Ford et al., in press) or elaboration (e.g., Addis, McIntosh, et al.,
2004), it would appear that some neural specific > general effects
evident during construction do not persist into elaboration (e.g.,
hippocampus), while others do (e.g., medial parietal cortex).
of specific versus general autobiographical memory construction and
1.07.015

1 Note, although Addis et al. (in press) did analyze general AMs, that study was
primarily focused on the differences between the construction of future events as
compared to AMs; the results of those contrasts are not directly relevant here.

dx.doi.org/10.1016/j.neuropsychologia.2011.07.015
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nd general AMs. This design enabled us to examine both the con-
truction and elaboration phases of specific and general AMs  in
he same participants as they spontaneously generated memories
uring the scan. Moreover, it would enable us to test interactions
etween the memory type and the phase of retrieval, to determine
hether neural differences were evident through both phases. Sim-

lar to Conway et al.’s (2001) prediction that the specificity of a
etrieved memory depends on processing during event construc-
ion, we predicted that neural differences in the formation of AMs
ltimately classified as general or specific would be especially evi-
ent during the construction phase (see also Conway, 2005). In par-
icular, regions of the PFC associated with search and retrieval oper-
tions might be more active during the construction of specific than
eneral AMs, given that the retrieval of specific AMs is thought to
ely on a frontally-mediated central executive (Conway & Pleydell-
earce, 2000). Similarly, early engagement of the hippocampus and
elated temporal lobe structures might distinguish between AMs
hat are ultimately specific versus general in nature. Given that spe-
ific > general effects have been noted in the hippocampus during
onstruction (Hennessey Ford et al., in press), but not elaboration
Addis, McIntosh, et al., 2004), hippocampus activity may  be par-
icularly critical for the construction of specific events.

We also collected detail ratings that could be entered as covari-
tes into the analyses to determine whether any neural differences
etween the specific and general AM tasks could be accounted for
y differences in the level of detail of the memories in each con-
ition. This approach would us to better understand which neural
ifferences between these memory conditions reflect differences

n detail.

. Methods

.1. Participants

Thirty-one younger adults (15 female; M = 21.81 years, SD = 2.43 years;
ange = 18–27 years) participated in this study. Three participants were subse-
Please cite this article in press as: Holland, A. C., et al. The neural correlates 
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uently dropped from analyses for failing to meet the eligibility criteria for this
tudy (i.e., Beck Depression Inventory scores higher than 10), two  participants were
xcluded for failing to complete the scanning portion of the study, and one partici-
ant  was excluded due to failure of the button box equipment during the scan. The
nal  sample included 25 participants (12 female), who had no history of psychiatric,

ig. 1. (a) AM cue word task. Participants were given a maximum of 26 s to generate an
etails for the remainder of the 26 s trial, then rated the amount of detail they were able t
iven  a maximum of 26 s to generate two semantically-related words to the cue word an
nce  they had a sentence in mind they elaborated on the objects’ appearances and funct

o  generate about the objects.
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neurological, or learning disorders, nor any history or current use of psychiatric med-
ication. Informed consent was obtained from all participants in accordance with the
Massachusetts General Hospital Institutional Review Board.

2.2. Stimuli

A total of 72 neutral nouns were selected from the Clark and Paivio (2004)
extended norms. Selected nouns were high in familiarity, imagability, and concrete-
ness, but low in emotional ratings. The nouns were randomly assigned to serve as a
cue  word or as a noun for the control task (explained below), and counterbalanced
across participants. These nouns were distributed across 4 lists; each list had a total
of  12 cue words and 6 control task words.

2.2.1. AM cue word task
Participants viewed a total of 48 cue words while undergoing a slow event-

related fMRI scan. These cue words were divided among 4 runs and were presented
with the instruction “Remember.” Each cue word trial lasted for 26 s (see Fig. 1a).
Participants were instructed that whenever they saw a noun with the instructions
“Remember,” they should recall a memory from their past that was either directly
or  indirectly related to the word they saw on the screen. As soon as they had a
memory in mind, participants used their right hand to press a button on a button
box to indicate that they had generated a memory. This button press served to
demarcate the end of the construction phase of the AM.  Once the button press was
made, participants saw the word “Elaborate” for the remainder of the 26 s trial,
during which time they maintained and elaborated on the details of the memory
they generated. At the end of the 26 s trial, participants were asked to rate how
detailed their memory was on a 5-point scale using the button box. The rating scale
appeared for a maximum of 5 s. Following the rating scale, a fixation cross appeared
for  a variable amount of time (range = 4–12 s) to create jitter between trials.

2.2.2. Control task
We adapted a sentence generation task from Addis et al. (2007) to control for

the  construction (i.e., searching for and integrating multiple pieces of information)
and  elaboration (i.e., visuospatial processing) phases of the AM task. In each of the
four  runs, six 26 s control trials were randomly intermixed with the 12 AM cue
words. Control trials consisted of a noun presented with the instruction “Sentence”
(Fig. 1b). When participants saw the instruction “Sentence,” they generated two
semantically-related nouns to the presented noun, and then put the words into a
sentence with the format “X is smaller than Y is smaller than Z” according to the
physical size of the objects. Once participants had sub-vocalized this sentence, they
made a button press, which demarcated the end of the sentence construction phase.
of specific versus general autobiographical memory construction and
1.07.015

Following the button press, the instruction “Elaborate” appeared on the screen, dur-
ing which time participants silently thought about and elaborated on the appearance
and functions of the 3 objects for the remainder of the 26 s trial. At the end of the
26  s, participants were given up to 5 s to rate how detailed their sentence genera-
tion and elaboration was on a 5-point scale using the button box. As with the AM

 AM for each cue word. Once they had a memory in mind they elaborated on its
o recall about that memory. (b) Sentence generation control task. Participants were
d to subvocalize a sentence with the format, “X is smaller than Y is smaller than Z.”
ions for the remainder of the 26 s trial, then rated how much detail they were able

dx.doi.org/10.1016/j.neuropsychologia.2011.07.015
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Table 1
Mean reaction times, phenomenological ratings, and age of specific and general
memories.

Specific General

M SD M SD

RT (s) 5.45 1.87 5.82 2.54
Emotional intensity 2.27 0.65 2.16 0.67
Age  of memory 2.94* 1.95 4.23* 2.70

may  modulate activity in many regions implicated in AM retrieval
(e.g., hippocampus, medial parietal cortex, PFC), and thus we
wanted to examine whether detail could explain any activation

2 An alternative way to examine the differences between specific and general AMs
during each phase of retrieval is to calculate the differences in reference to the sen-
tence baseline task in the first-level contrasts (i.e., in accordance with the manner in
which the conjunction analyses were conducted). We entered such contrast images
into a paired-samples t-test at the second level (e.g., specific AM construction – sen-
tence construction > general AM construction – sentence construction; general AM
construction – sentence construction > specific AM construction – sentence con-
struction) and then applied a mask of the common activity between specific and
general construction to identify only those regions unique to each type of construc-
tion. Paired samples t-tests were conducted for the elaboration phase in an identical
manner. The results from these analyses were largely consistent with our findings
ARTICLESY-4198; No. of Pages 14
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ask,  each trial was followed by a variable amount of fixation time (range = 4–12 s)
o  create inter-trial jitter.

.3. Post-scan interview

Following the scanning portion of the experiment, after an approximately
0 min delay, participants were asked to briefly tell an experimenter about the mem-
ries they recalled while they were in the scanner in response to the 48 cue words
hat appeared with the instruction “Remember.” Each memory was coded on-line
or its level of specificity. A memory was coded as: “Specific” if it referred to a unique
vent that occurred at one time, one place, and lasted for a day or less; “General” if it
eferred to an event that was  either repeated (e.g., every Thanksgiving) or extended
n  time (e.g., a vacation that lasted for a week); or “Omission” if the participant did
ot  generate a memory in response to a word. These codings for specificity were
sed to create post-hoc specific and general AM conditions; any trials for which the
articipant could not remember which memory they generated in the scanner were
ropped from subsequent data analyses.

During the post-scan interviews, participants were also asked to provide the
ollowing information about each memory: (a) approximately how old they were
hen the memory occurred, (b) how emotionally intense they found the recall (not

he  actual occurrence) of the event to be on a 5-point scale, and (c) how much detail
hey were able to recall about each memory on the same 5-point scale they saw in
he scanner.

.4. Image acquisition and data analysis

.4.1. Image acquisition
Images were acquired on a 1.5 Tesla Siemens Avanto MRI  scanner (Erlangen,

ermany) using a standard birdcage head coil. Stimuli were presented using the
acStim presentation software. All words, instructions, and digits used in the exper-

ment appeared in white text (Arial 36-point font) on a black background. Stimuli
ere projected onto a screen located at the back of the magnet bore, and participants

iewed the stimuli using a mirror attached to the head coil.
T1-weighted localizer images and a T1-weighted inversion recovery echo

lanar image required for auto-alignment were collected. Anatomic data were
ollected with a multiplanar rapidly acquired gradient-echo (MP-RAGE) sequence
TR  = 2730 ms; TE = 3.39 ms;  flip angle = 40◦; field of view = 256 mm × 256 mm;
cquisition matrix = 256 × 256; slice thickness = 1.33 mm,  no gap;

 mm × 1 mm × 1.33 mm resolution). Functional images were collected using
 T2*-weighted echo-planar imaging (EPI) sequence with the following param-
ters: TR = 3000 ms,  TE = 40 ms, FOV = 200 mm,  flip angle = 90◦ . Twenty-eight
nterleaved axial-oblique slices aligned with the anterior commissure/posterior
ommissure line were collected in a 3.125 mm × 3.125 mm × 3.84 mm  matrix (slice
hickness = 3.12 mm,  0.6 mm skip between slices).

Preprocessing and data analysis were conducted in SPM2 (Wellcome Depart-
ent of Cognitive Neurology, London). Preprocessing steps were as follows: (1) slice

iming correction, (2) motion correction using a six parameter, rigid body transfor-
ation algorithm, (3) normalization to the Montreal Neurological Institute (MNI)

emplate (resampling at 3 mm isotropic voxels), and (4) spatial smoothing using a
.6  mm full-width half maximum isotropic Gaussian kernel.

.4.2. AM data analysis
For each individual, the following event types were first modeled and analyzed

sing the general linear model approach on a voxel-by-voxel basis: (a) Specific
emory Construction, (b) Specific Memory Elaboration, (c) General Memory Con-

truction, (d) General Memory Elaboration, (e) Sentence Construction, (f) Sentence
laboration, and (g) Memory Omission (i.e., any trials for which a participant failed
o  generate a memory). Contrasts between the various trial types were computed as
escribed below, and the resulting contrast images were then entered into second-

evel random-effects analyses. In all of our analyses, unless otherwise noted, we
mployed a statistical threshold of p ≤ .001 and a 5-voxel cluster extent. For any
ontrasts that resulted in null findings, we used a reduced threshold of p ≤ .005 and

 5-voxel cluster extent; if only a small number of regions was active even at the
educed threshold, we  could rule out that any null findings at the more stringent
hreshold were due to Type II error. For MTL  regions of interest, for which we had
n  a priori hypotheses about how MTL  activity might relate to event specificity, we
sed a statistical threshold of p ≤ .005 and a 5-voxel cluster extent.

One set of second-level analyses examined the overlap in activity between spe-
ific and general memory during (a) construction and (b) elaboration using the
asking function in SPM2. For the memory construction conjunction analyses, we

rst computed first-level contrasts between specific memory construction and a
andomly selected one-half of the sentence construction trials (i.e., specific memory
onstruction > 1/2 sentence construction trials), as well as between general mem-
ry construction and the remaining one-half of the sentence construction trials (i.e.,
eneral memory construction > 1/2 sentence construction trials). The resulting con-
Please cite this article in press as: Holland, A. C., et al. The neural correlates 
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rast images were entered into individual second-level random-effects one-sample
-tests. The activated voxels from the first t-test (specific memory construction > 1/2
entence construction trials) were used to form a mask. This mask was then applied
o the second t-test (general memory construction > 1/2 sentence construction tri-
ls), such that the resulting conjunction revealed regions active in both contrasts
Level of detail 3.63* 0.43 3.37* 0.59

* Comparison between specific and general significant at p < .05.

of  interest. By thresholding the individual one-sample t-tests at p ≤ .01, we ensured
that  the joint probability of the conjunction analysis was p ≤ .001 using Fisher’s esti-
mate (Fisher, 1950). A conjunction analysis examining the common activity during
specific and general AM elaboration was calculated in the same way as the AM con-
struction conjunction (i.e., specific AM elaboration > 1/2 sentence elaboration trials
and  general AM elaboration > 1/2 sentence elaboration trials).

A  second set of second-level random-effects analyses contrasted the dif-
ferent levels of memory specificity during each phase of memory retrieval
(i.e.,  general construction > specific construction; specific construction > general
construction; general elaboration > specific elaboration; and specific elabora-
tion  > general elaboration).2 These contrasts were computed at the first-level, and
then the resulting contrast images were entered into second-level random effects
one-sample t-tests to determine whether the contrasts were significant at the group
level.

Finally, a third set of second-level random-effects analyses examined whether
there were any interactions between memory specificity and memory phase [i.e.,
a  Type (General, Specific) × Phase (Construction, Elaboration) interaction]. We
computed two  interaction contrasts at the first level: (1) (general AM construc-
tion > specific AM elaboration) > (specific AM construction > general AM elaboration)
and (2) (specific AM construction > general AM elaboration) > (general AM construc-
tion  > specific AM elaboration). The resulting contrast images were entered into
second-level random effects one-sample t-tests to determine which regions exhib-
ited a significant memory type (specific, general) × memory phase (construction,
elaboration) interaction.

3. Results

3.1. Behavioral results

Participants successfully generated autobiographical events
during scanning and were able to recall those memories during
the post-scan interview for an average of 45.8 out of 48 cue words
(SD = 2.5). Of those events, an average of 27.24 (SD = 6.77) were
specific and 15.92 were general (SD = 7.4). Within-subjects t-tests
determined that specific and general events did not differ in respect
to reaction time for event construction [t(24) = 1.38, p = .18,] or
emotional intensity at the time of retrieval [t(24) = 1.56, p = .13]
(Table 1).

As expected, specific memories were rated by participants as
more detailed than general memories [t(24) = 2.39, p = .03]. Detail
of specific versus general autobiographical memory construction and
1.07.015

from the direct contrasts of specific and general AMs  (see Supplementary Materials).
In particular, bilateral regions of the lateral PFC and the MTL were differentially acti-
vated for specific (vs. general) AM construction (see Table S1). In addition, general
AM  elaboration was  still differentiated from specific AM elaboration by widespread
bilateral (and in particular right-lateralized) PFC activity (see Table S2).

dx.doi.org/10.1016/j.neuropsychologia.2011.07.015
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ifferences between specific and general events. To this end, we
an additional sets of fMRI analyses controlling for detail rating
ifferences (see Sections 2.2–2.4).

Events were dated as the number of years since they occurred, or
n the case of general events that occurred over a range of time, the
umber of years since their last instance (Addis, Moscovitch, et al.,
004). Events that could not be accurately dated (M = 2.42 general
vents, M = 0.35 specific events per participant) were excluded from

 t-test comparing the recency of specific and general AMs. Spe-
ific memories were overall slightly more recent (M = 2.94 years)
han general memories (M = 4.23 years) [t(24) = 3.47, p = .002]. AM
ecency may  affect MTL  activation (e.g., Dudai, 2004; Frankland &
ontempi, 2005; Squire & Alvarez, 1995; but see Moscovitch et al.,
005 for an alternative view). Given the specificity of the issue of
ecency to the MTL, we examined whether any significant differ-
nces in MTL  regions were related to recency (see Section 2.2.2).

.2. Construction phase fMRI analyses

.2.1. Conjunction analysis
We  conducted a conjunction analysis to determine which

egions were commonly activated during the construction of both
pecific and general AMs  (i.e., specific AM > sentence construction
nd general AM > sentence construction). Several regions previ-
usly found to comprise the standard AM network (e.g., Cabeza &
t. Jacques, 2007; Svoboda et al., 2006) were commonly activated
uring the construction of specific and general AMs (see Table 2 and
ig. 2), including the left frontal pole (BA 10), right parahippocam-
al gyrus, and right superior (BA 10) and bilateral middle temporal
yri (BAs 39 and 21). Right-lateralized cuneus (BA 19) activity was
lso revealed, as well as the left precuneus. Although a number of
ore regions in the standard AM retrieval network were commonly
ctivated by both types of memories, structures in the MTL (includ-
ng the hippocampus) and lateral PFC, were notably not commonly
ngaged by specific and general events.

.2.2. Specific > general AM construction
The construction of specific AMs  differentially recruited a

umber of regions when compared to the construction of general
Ms (Table 3 and Fig. 3). Although the left middle temporal
yrus (BA 39) was commonly recruited by both types of memory
onstruction (evidenced by the conjunction analysis), it was
ngaged to a greater extent by specific AM construction. Other
Please cite this article in press as: Holland, A. C., et al. The neural correlates 
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tructures that were commonly activated by both specific and
eneral AM construction in the left hemisphere were also engaged
ore by specific AM construction, though in the right hemisphere,

ncluding the right frontal pole (BA 10) and the right precuneus

able 2
ommon activity during specific and general AM construction.

Lobe Region Talairach co-

BA H x 

Frontal
Frontal pole 10 L −8 

Limbic
Parahippocampal gyrus 30 R 22 

Temporal
Superior temporal gyrus 22 R 59 

Inferior temporal gyrus 21 L −61 

Middle temporal gyrus 21 R 53 

39  L −53 

Occipital
Precuneus 31 L −4 

Cuneus 19 R 26 

Other
Postcentral gyrus 3 L −40 

A = Brodmann area; H = hemisphere; k = voxel extent; T = t-score.
Fig. 2. Regions commonly activated by the construction of both specific and general
AMs.

(BA 31). Several core AM regions not evident in the conjunction
analysis were also differentially recruited by specific compared
to general AM construction. This included aspects of the lateral
PFC (right ventrolateral PFC [BA 47], bilateral dorsolateral PFC
[BA 44/45 and BA 9]), the right cingulate cortex (anterior [BA 32)
and posterior [BA 31]) and several regions of the lateral temporal
cortex on the left (inferior [BA 20], middle [BAs 39, 21 and 22]
and superior [BA 22] temporal gyri), and the right (middle [BA 21]
and superior [BA 40] temporal gyri) extending into the occipital
lobe (BA 19). Of particular interest was  a right-lateralized area
bordering the amygdala and hippocampus in the MTL  that was
preferentially activated by specific AM construction (see Fig. 3).

Because specific events were also, on average, rated as more
detailed than general events, we examined whether the differences
revealed by the specific > general AM construction whole-brain
analysis remained when the specific-general difference in detail
of specific versus general autobiographical memory construction and
1.07.015

scores for each participant were covaried out. To do this, we  entered
the first-level contrasts between memory specificity (i.e., spe-
cific construction > general construction) into second-level random

ordinates k T

y z

60 −5 1045 6.82

−52 4 33 4.87

−55 18 38 4.09
−5 −15 17 4.59

3 −24 21 4.02
−61 25 121 5.71

−67 27 639 4.73
−80 26 14 3.67

−24 64 12 3.92

dx.doi.org/10.1016/j.neuropsychologia.2011.07.015
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Table  3
Regions differentially recruited during the construction of specific vs. general AMs.

Lobe Region Not controlling for detail Controlling for detail

BA H Talairach co-ordinates k T Talairach co-ordinates k T

x y z x y z

Specific construction > general construction
Frontal
Inferior frontal gyrus 44/45 R 36 37 2 13 4.41 36 37 2 11 4.10

47 R 42 25 −6 8 3.47 42 25 −6 1 2.93*

Middle frontal gyrus 8/9 L −42 14 40 30 3.99 −42 16 40 32 4.04
Medial frontal gyrus 10 R 4 60 −10 15 3.54 4 60 −10 18 3.62
Medial temporal
Amygdala/hippocampus R 26 −9 −18 7 3.45 24 −7 −18 8 3.68
Other  temporal
Middle temporal gyrus 21 R 42 −26 −5 10 3.74 42 −26 −5 14 3.97

21 L −38 −56 8 10 3.70 −38 −56 8 8 3.65
21/22 L −50 −39 2 9 3.63 −50 −37 2 6 3.52
21  L −61 −14 −14 5 3.56 −61 −14 −14 8 3.28*

39 L −53 −70 29 14 3.67 −53 −70 29 6 3.45
21  L −57 −51 −3 22 3.90 −57 −51 −3 11 3.79
19  R 51 −77 17 8 3.66 53 −73 17 16 4.29

Inferior temporal gyrus 20 L −40 −7 −22 50 4.81 −40 −7 −22 53 5.03
Superior temporal gyrus 22 L −51 −40 9 15 3.50 −50 −37 2 6 3.52

40  R 36 −53 32 47 3.70 34 −45 37 41 3.73
Occipital
Precuneus 31 R 10 −65 20 18 3.48 14 −67 18 7 3.35
Parietal
Inferior parietal lobe 40 R – – – – – 42 −26 23 15 3.76

40  R – – – – – 44 −51 34 10 3.76
Limbic
Cingulate gyrus 32 R 20 19 32 15 4.08 20 19 32 10 3.84
Anterior cingulate 32 R 6 37 −4 9 3.42 6 37 −4 10 3.54

31  R 20 −23 42 22 4.04 20 −23 42 14 3.66
Posterior cingulate 23 L – – – – – −4 −57 18 9 3.48
Other
Precentral gyrus 4 L −38 −13 49 5 3.36 −38 −13 49 45 2.87

4 L −55  −10 26 5 3.31 −55 −10 26 22 3.45
Postcentral gyrus 3 L −22 −28 53 10 3.64 −22 −28 53 5 2.86*

Basal ganglia R 30 −1 13 122 4.96 30 1 13 96 4.80
General construction > specific construction

No regions survived even a liberal threshold of p ≤ .005.
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A = Brodmann area; H = hemisphere; k = voxel extent; T = t-score.
* p ≤ .005.

ffects Analysis of Covariance (ANCOVA). The difference between
pecific and general memory detail ratings was  entered as a
ovariate for each participant. We  used a statistical threshold of

 ≤ .001, but did not set a cluster extent threshold for these analy-
es to enable us to determine which clusters were still above our
oxel-wise threshold, but possibly reduced in spatial extent when
ontrolling for detail differences. Note that we ran ANCOVAs, using
he approach described here, for all contrast analyses.

The results of the ANCOVA examining specific > general AM con-
truction while controlling for detail differences are presented in
he right panel of Table 3. The pattern of our whole-brain results
as largely unchanged even when controlling for detail differ-

nces, though the clustering extents for some regions (right inferior
rontal gyrus [BA 47], the left middle temporal gyrus [BA 21], and
egions of the left pre- and post-central gyri [BAs 4 and 3, respec-
ively]) were reduced below our original 5 voxel cluster extent
hreshold. Two regions of the right inferior parietal lobe (BA 40)
nd one region of the left posterior cingulate gyrus (BA 23) were
ignificantly more active for specific than general AM construction
nly when controlling for detail differences between specific and
eneral memories.

Specific events were also, on average, slightly more recent
han general events (see Section 2.1), and given that recency can
Please cite this article in press as: Holland, A. C., et al. The neural correlates 
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ffect MTL  activity, we examined whether the differences in neu-
al activity in MTL  activity between specific and general events
as accounted for by a difference in specific and general recency.

o this end, we ran a linear regression, with the activation differ-
ence between specific and general events from an ROI  centered
on the peak voxel of the activated amygdala/hippocampal region
(Tal: x = 26, y = −9, z = −18) as the independent variable, and the
recency difference between specific and general events as the pre-
dictor variable. These regression analyses revealed that the recency
difference did not predict specific-general activation differences in
this MTL  regions (R2 = .01,  ̌ = −.10, p = .63).

3.2.3. General > specific AM construction
In contrast to the number of regions that demonstrated greater

activity for specific than general AM construction, no regions
showed greater activity for general than specific AM construction,
even at a more liberal threshold of p ≤ .005. There were also no
suprathreshold activations when controlling for detail differences,
using the ANCOVA approach described above.

3.3. Elaboration phase fMRI analyses

3.3.1. Conjunction analysis
As with the construction phase, the elaboration phase of both

specific and general AMs  (i.e., specific AM > sentence elaboration
and general AM > sentence elaboration) commonly activated sev-
eral regions previously associated with AM retrieval (e.g., Cabeza
of specific versus general autobiographical memory construction and
1.07.015

& St. Jacques, 2007; Svoboda et al., 2006) (Table 4 and Fig. 4). This
common activation consisted of left medial PFC (BA 10), bilateral
cingulate gyrus (BA 23/24), left lateral temporal cortex (BA 21),
right temporal pole (BA 38), and the left angular gyrus (BA 39).

dx.doi.org/10.1016/j.neuropsychologia.2011.07.015
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o general AMs. A region of the right amygdala/hippocampus (Tal: x = 26, y = −9,
 = −18) was more active during specific than general AM construction. This differ-
nce did not extend to the elaboration phase.

n contrast to the absence of common MTL  activation in the con-
truction phase, a region of the left hippocampus was commonly
ctivated during the elaboration phase of both types of AMs.

.3.2. Specific > general AM elaboration
Although a number of regions were differentially recruited

uring specific compared to general AM construction, during elab-
ration no regions survived a threshold of p ≤ .001 and a 5-voxel
xtent. When the threshold was reduced to p ≤ .005 and a 5-voxel
xtent, only two regions were revealed as more active during spe-
ific rather than general AM elaboration: the right lateral superior
emporal gyrus (BA 21/22) and the right thalamus. Activity in these
egions remained significant at a threshold of p ≤ .005 and a 5-voxel
xtent when controlling for detail differences between specific and
eneral memories.
Please cite this article in press as: Holland, A. C., et al. The neural correlates 

elaboration. Neuropsychologia (2011), doi:10.1016/j.neuropsychologia.201

.3.3. General > specific AM elaboration
Also in contrast to our findings during the AM construction

hase, there were a number of regions preferentially recruited

able 4
ommon activity during specific and general AM elaboration.

Lobe Region T

BA H x 

Frontal
Superior frontal gyrus 10 L −
Medial  temporal
Hippocampus L −
Other  temporal
Middle temporal gyrus 21 L −
Superior temporal gyrus (Temporal pole) 38 R 

Limbic
Cingulate gyrus 31 L −

24 R  

Parietal
Angular gyrus 39 L −

A = Brodmann area; H = hemisphere; k = voxel extent; T = t-score.
Fig. 4. Areas commonly activated during the elaboration phase of both specific and
general AMs.

during general AM elaboration when compared to specific AM
elaboration (Table 5 and Fig. 5). A striking number of primarily
right-lateralized PFC areas were evident in general – compared to
specific – AM elaboration, including in middle (BAs 8/9), medial
(BA 6), superior (BA 9) and inferior (BA 44/45) frontal gyri. There
was also greater activity for general AM elaboration in aspects of
the left PFC, in the superior (BA 8; see Fig. 5), medial (BA 6), and
middle (BA 6) frontal gyri. Finally, two  clusters in the right lat-
eral parietal cortex (BA 40) were preferentially recruited by general
AM elaboration. This pattern of results was unchanged when even
when controlling for detail differences between specific and gen-
eral memories using ANCOVA as described in Section 2.2.2 (see
right panel of Table 5).

3.4. Memory Type × Memory phase interactions

To determine whether there were any Type (General, Spe-
of specific versus general autobiographical memory construction and
1.07.015

cific) × Phase (Construction, Elaboration) interactions, we first
performed a contrast analysis to compare: (general construc-
tion > specific elaboration) > (specific construction > general elabo-
ration). This analysis would reveal regions that were more active

alairach co-ordinates k T

y z

2 65 23 2450 7.51

28 −26 −12 160 5.68

63 −8 −11 66 7.10
40 18 −28 11 4.04

6 −47 26 1183 6.86
2 −14 39 39 5.91

46 −66 35 359 6.14

dx.doi.org/10.1016/j.neuropsychologia.2011.07.015
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Table  5
Regions differentially recruited during the elaboration of specific vs. general AMs.

Lobe Region Not controlling for detail Controlling for detail

BA H Talairach co-ordinates k T Talairach co-ordinates k T

x y z x y z

Specific elaboration > general elaboration
Other temporal
Superior temporal gyrus 21/22 R 65 −6 2 14 3.07* 65 −6 2 1 3.01*

Other
Thalamus R 14 −29 7 8 3.08* 14 −29 7 2 3.02*

General elaboration > specific elaboration
Frontal
Superior frontal gyrus 8 L −6 35 44 11 4.07 −6 35 44 11 4.01

9  R 40 36 29 15 3.73 40 36 29 11 3.67
Medial frontal gyrus 6 L −16 −9 48 31 3.75 −18 −9 50 34 3.96
Middle frontal gyrus 8 R 24 15 34 20 4.19 24 15 34 17 4.12

9  R 51 27 34 6 3.50 52 27 34 4 3.42
6 L  −20 −12 61 11 3.69 −20 −12 61 11 3.62

Inferior frontal gyrus 44/45 R 44 15 21 20 3.69 44 15 20 19 3.74
Parietal
Inferior parietal lobe 40 R 46 −50 56 14 5.26 46 −50 56 14 5.17

40  R 32 −43 35 11 3.92 32 −43 35 10 3.89
Other
Precentral gyrus 6 R 34 −11 56 5 3.41 34 −11 55 12 3.34*

Striatum R 32 −8 −5 8 3.95 32 −8 −5 8 3.88
L  −20 2 −2 7 3.88 −20 2 −2 7 3.84
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A = Brodmann area; H = hemisphere; k = voxel extent; T = t-score.
* p ≤ .005.

uring general (vs. specific) construction, during specific (vs.
eneral) elaboration, or any combination thereof. This analysis
evealed no significant activation using a threshold of p ≤ .001 and

 5-voxel cluster extent. When a more liberal threshold of p ≤ .005
Please cite this article in press as: Holland, A. C., et al. The neural correlates 
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as employed, two regions of the cingulate gyrus (left BA 24 and
ight BA 31) emerged, as did a right-lateralized region of the supe-
ior temporal gyrus (BA 22) (see left panel of Table 6).

ig. 5. Areas differentially recruited during the elaboration phase general (vs. specific) AM
or  regions of left BA 8 and right BA 8 as examples of the number of PFC regions recruited
We also sought to determine the effect (if any) of detail differ-
ences on the interaction analyses. As with the previously reported
whole-brain analyses, we  included the specific – general detail
difference as a covariate in an ANCOVA. In accordance with our
of specific versus general autobiographical memory construction and
1.07.015

findings when not controlling for detail, no regions survived our
threshold of p ≤ .001 and a 5-voxel cluster extent. At a more lib-
eral threshold of p ≤ .005, two regions of the right temporal lobe

 elaboration. Activity during each phase of specific and general AM recall is plotted
 more for general AM elaboration than specific AM elaboration.

dx.doi.org/10.1016/j.neuropsychologia.2011.07.015
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Table 6
Regions showing significant activations in interaction contrasts.

Lobe Region Not controlling for detail Controlling for detail

BA H Talairach co-ordinates k T Talairach co-ordinates k T

x y z x y z

General construction and specific elaboration > specific construction and general elaboration
Other temporal
Superior temporal gyrus 22 R 65 −4 0 12 3.46 – – – – –

38 R – – – – –  46 2 −7 8 3.00
Inferior temporal gyrus 20 R – – – – – 46 −7 −25 5 3.32
Limbic
Cingulate gyrus 24/32 L −14 8 40 6 3.14 – – – – –

23/31 R 16 −51 25 15 3.82 – – – – –
Specific construction and general elaboration > general construction and specific elaboration
Frontal
Middle frontal gyrus 6/8 R 24 15 34 29 4.31 24 15 34 28 4.18

9/44 R  – – – – – 40 17 19 6 3.60
Inferior frontal gyrus 47 R – – – – – 42 25 −6 9 3.59
Superior frontal gyrus 8 R – – – – – 18 45 46 6 3.97
Medial frontal gyrus 6 L −16 −5 50 105 4.97 −16 −5 50 89 4.70
Other  temporal
Middle temporal gyrus 21 L −61 −50 4 16 3.45 – – – – –

21/22 L −53 −43 4 5 3.50 −54 −43 4 7 3.57
Inferior temporal gyrus 20 L −40 −1 −20 17 4.16 −40 −1 −20 19 4.28
Limbic
Cingulate gyrus 32 L −12 39 11 5 3.48 −12 39 11 6 3.64

24/32 R – – – – – 14 32 21 17 3.91
Parietal
Inferior parietal lobe 7/40 R 34 −43 37 18 3.97 34 −43 37 29 4.45

40  R – – – – – 44 −51 34 6 3.79
– 
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40  R – – 

A = Brodmann area; H = hemisphere; k = voxel extent; T = t-score.

ere revealed: the inferior temporal gyrus (BA 20) and the superior
emporal gyrus (BA 38) (see right panel of Table 6).

We also performed a contrast analysis to reveal regions
hat showed the opposite pattern of results: (specific con-
truction > general elaboration) > (general construction and specific
laboration). This contrast would reveal regions that showed
reater activity for specific (vs. general) construction, for general
vs. specific) elaboration, or for both of those comparisons. This
nteraction revealed several areas (see left panel of Table 6), includ-
ng a region of the right middle frontal gyrus (BA 8), three regions in
he left lateral temporal lobe (BAs 20, 21, 22), the right inferior pari-
tal lobe (BA 40), and two left-lateralized regions of the cingulate
yrus (BAs 24 and 32). Because regions revealed by this interac-
ion analysis could show a few different patterns of response, the
ignal change was extracted from 8-mm spheres centered on each
f these regions using the Marsbar toolbox in SPM2 (Brett, Anton,
alabregue, & Poline, 2002). The signal change was  averaged across

he first 12 s of the trial for construction (i.e., for the 6-s construc-
ion phase plus the additional 6-s to account for the delay of the
emodynamic response), and the last 12 s of the trial for elabo-
ation. These averages were computed for each participant and
or each region and were submitted to 2 (Memory Type: General,
pecific) × 2 (Phase: Construction, Elaboration) repeated-measures
NOVAs to break down the interaction effect detected in the whole-
rain analysis and also to examine these regions for main effects of
hase and/or specificity type.3
Please cite this article in press as: Holland, A. C., et al. The neural correlates 

elaboration. Neuropsychologia (2011), doi:10.1016/j.neuropsychologia.201

Post-hoc comparisons revealed that some of these interactions
eflected the fact that activity between construction and elab-
ration decreased to a greater extent for specific than general

3 Although re-computing an interaction on data from voxels selected to show an
nteraction is a non-independent analysis, this does not apply to running post-hoc
ests to break down the interaction and examining these data for main effects (which

ay  or may not exist in the presence of an interaction).
– – 34 −55 32 6 3.73

memories. This decrease in activity across the phases was signif-
icant for specific events (in BAs 8, 20, 24, 32, 40; ps < .04), but for
general events was either non-significant (BA 8, 20, 24, 32; ps > .25)
or reduced relative to the effect in specific events (BA 40, spe-
cific, p < .001, general, p = .02). This decline in activity related to
specific events resulted in a general > specific effect during elab-
oration in some of these regions (BAs 8, 24, 40; ps < .05). However,
the interactions that emerged in left lateral temporal cortex (BA
21 and 22) reflected a slightly different pattern (Fig. 6), with both
regions exhibiting a significant specific > general effect during con-
struction (ps < .004). There were also changes across the phases,
with specific events showing decreased activity between construc-
tion and elaboration in BA 21 (p = .03), and general events showing
an increase between construction and elaboration in BA 22 (p = .01;
BA 21 also showed a similar but non-significant increase). Addition-
ally, nearly every region showed a significant main effect of phase
(excluding BAs 21, 22, and 38), with memory construction yield-
ing greater activity than memory elaboration, ps < .04. No region
showed a main effect of specificity, ps > .15. The lack of a main effect
of specificity in these regions, coupled with the significant interac-
tion, indicates that in these regions the differences for specific and
general AM have more to do with the timing of the activity than
with the overall activity levels.

With the exception of one region of the left lateral temporal
lobe (BA 21), all of these regions remained significant in the interac-
tion analysis when controlling for detail differences via an ANCOVA
(see right panel of Table 6). Interestingly, the ANCOVA revealed
several regions that were significant only when controlling for
detail differences. Posthoc analyses again showed similar patterns
in these regions as to those documented above, with specific events
showing declines in activity from construction to elaboration (e.g.,
of specific versus general autobiographical memory construction and
1.07.015

BAs 9, 39, 47; ps < .001) and general events showing increases in
activity from construction to elaboration (BA 9; p = .01). Moreover,
there was  a specific > general effect during construction (e.g., BA 47;
p = .05) and the reverse effect (general > specific) during elaboration

dx.doi.org/10.1016/j.neuropsychologia.2011.07.015


ARTICLE IN PRESSG Model

NSY-4198; No. of Pages 14

10 A.C. Holland et al. / Neuropsychologia xxx (2011) xxx– xxx

F ecific
l g eve
e

(
o
g
T
r

4

o
g
p
A
a
g
f
f
c
d
v
u
d
F
a

c
w
(
a

ig. 6. A subset of the regions revealing an interaction between Memory Type (Sp
ateral temporal lobe (BAs 21 and 22) showed greater activity for specific AMs  durin
laboration compared to construction.

BA 9, 39; ps < .03). Each region exhibited a significant main effect
f memory phase, with construction recruiting these regions to a
reater extent than elaboration, regardless of specificity, ps < .05.
here was no main effect of memory specificity in any of the
egions, ps > .15.

. Discussion

We sought to examine the neural correlates of the retrieval
f specific (i.e., unique to a time and place) AMs versus those of
eneral (i.e., either repeated over or extended in time) AMs. In
articular we took advantage of the relatively protracted length of
M retrieval to tease apart the differences during the construction
nd elaboration phases of retrieval as individuals spontaneously
enerated a mix  of specific and general AMs  while undergoing an
MRI scan. This approach extends previous work which has only
ocused on the neural differences of specific and general AMs  during
onstruction or elaboration, and enabled examination of whether
ifferences evident at construction persisted into elaboration, and
ice versa. Moreover, following previous suggestions that the mod-
latory effect of specificity on neural activation actually reflects
ifferences in detail (e.g., Addis, McIntosh, et al., 2004; Hennessey
ord et al., in press), we also considered the influence of this vari-
ble.

Our findings are in line with prior research suggesting that spe-
Please cite this article in press as: Holland, A. C., et al. The neural correlates 
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ific and general AM retrieval engages common areas associated
ith the standard AM retrieval network, albeit to different extents

Addis, McIntosh, et al., 2004; Addis, Moscovitch, et al., 2004; see
lso Graham, Lee, Brett, & Patterson, 2003; Hennessey Ford et al.,
, General) and Memory Phase (Construction, Elaboration). Two regions of the left
nt construction than elaboration, but greater activity for general AMs  during event

in press; Levine et al., 2004; Maguire & Mummery, 1999; Maguire
et al., 2000). The present study also extends this prior research by
examining whether these similarities and differences are evident
in both the construction and elaboration phases. Although con-
junction analyses demonstrated that both specific and general AM
construction and elaboration relied on many of the regions impor-
tant for AM retrieval, each phase engaged key areas to varying
extents, as confirmed in the interaction results.

4.1. Regions commonly activated during specific and general
event construction

Conjunction analyses revealed that the construction of both spe-
cific and general events engaged many regions associated with the
standard AM retrieval network, including the frontal pole, a region
thought to make contributions to the verification of both episodic
and semantic memory (Moscovitch & Winocur, 2002). The con-
struction of both types of events also engaged bilateral regions of
the superior and middle temporal gyri, including the temporal pole
(BA 21), a region found to be active during the retrieval of autobi-
ographical, personal semantic, public event, and general semantic
information (Maguire et al., 2000; see also Burianova, McIntosh,
& Grady, 2010). The same was true for a right-lateralized region
of the parahippocampal gyrus, a MTL  structure previously found
to be engaged for both specific and general AM retrieval (Addis,
of specific versus general autobiographical memory construction and
1.07.015

Moscovitch, et al., 2004). These frontopolar and temporal structures
may  generally support AM retrieval processes regardless of the
specificity of the memory (Levine et al., 2004; Maguire et al., 2000;
see Addis, McIntosh, et al., 2004, for similar discussion). Finally, the

dx.doi.org/10.1016/j.neuropsychologia.2011.07.015
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onstruction of both specific and general AMs engaged bilateral
ccipital regions (including left precuneus) known to be important
or the visual imagery that is central to AM (e.g., Greenberg & Rubin,
003; Fletcher et al., 1995; see review by Wagner, Shannon, Kahn,

 Buckner, 2005). Here, we show that such regions are engaged
rrespective of the specificity of the AM.

.2. Neural differentiation of specific and general event
onstruction

Despite these widespread commonalities, several key play-
rs in the standard AM retrieval network were notably missing
rom the conjunction analyses. Perhaps most striking was  the
bsence of overlap in the lateral PFC areas thought to support AM
earch and retrieval processes (Cabeza & St. Jacques, 2007; Svoboda
t al., 2006), as well as the absence of common activity in the
ippocampus.4 Indeed, differential activity in these regions was
evealed when specific AM construction was directly contrasted
ith general AM construction.

Specific AM construction recruited bilateral areas of the lateral
FC (BA 9, BA 47, BA 44/45) more strongly than did general AM
onstruction. Activity in the lateral PFC, particularly left-lateralized
ctivity, is thought to support cue specification (Fletcher, Shallice,
rith, Frackowiak, & Dolan, 1998; Gilboa, 2004; Henson, Rugg,
hallice, Josephs, & Dolan, 1999; Henson, Shallice, & Dolan, 1999;
oscovitch & Winocur, 2002), and may  reflect implementation of

he controlled memory search and retrieval processes associated
ith generative memory retrieval (Cabeza & St. Jacques, 2007); our

esults suggest these regions may  be especially critical for the gen-
ration of specific AMs. In particular, activity in these regions during
he early construction phase of AM might be indicative of the appro-
riate cue specification and cue elaboration that is necessary for the
onstruction of specific events (e.g., Conway, 2005). Interestingly,
hese differences in PFC recruitment remained even when control-
ing for the level of detail. Thus, although PFC activity can assist
n the recovery of details that lead participants to “recollect” past
vents or to remember the source of previously-learned informa-
ion (reviewed by Mitchell & Johnson, 2009; see also Gilboa, 2004),
he differential activation of the PFC during specific AM does not
eem to be due only to differences connected to the level of detail
emembered. Kahana and colleagues (Howard & Kahana, 2002;
olyn & Kahana, 2008) have proposed that the lateral PFC might
aintain the temporal contexts needed for re-experience and may

lay “a crucial role in the representation and use of this tempo-
al context in memory search” (p. 27). Thus, it is possible that the
ncreased PFC activity engaged here during specific (vs. general)
M retrieval could reflect the enhanced representation of temporal
ontext maintained during the construction phase, which allowed
ndividuals to retrieve a memory localized to a specific time frame.

In addition to differential recruitment of lateral PFC areas, spe-
ific AM construction recruited a region of the right frontal pole
BA 10) to a greater extent than general AM construction. Although
ts exact function is unclear, activity in the frontal pole may  reflect
Please cite this article in press as: Holland, A. C., et al. The neural correlates 
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he evaluation phase in the iterative AM construction model (e.g.,
ilboa, 2004; Moscovitch & Melo, 1997). While it is possible that the
reater number of details recalled during specific AM construction

4 One possibility is that the use of the sentence control task reduced the ability
o  detect activation of these regions in the memory conditions, because that control
ask may  have also recruited these regions. For example, the process of generat-
ng semantically related objects likely also engaged search and retrieval processes

ediated by lateral PFC. Moreover, as participants put these objects in size order,
hey may  have imagined the objects together in a scene, a process known to engage
he hippocampus (Hassabis & Maguire, 2007; Hassabis & Maguire, 2009). If this were
he case, then any common activity in these regions present during the memory task

ight not have surpassed the activity levels of the sentence control task.
 PRESS
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requires more evaluation or verification, our results suggest this is
not the case; these activations were evident even when we  con-
trolled for differences in detail. Perhaps a more likely explanation
is that evaluation of specific AMs  in terms of their temporal order
with respect to other AMs  is heightened with events that have a
specific temporal context (Moscovitch & Melo, 1997). Another pos-
sibility is that the early engagement of monitoring regions during
event construction reflects the monitoring of search output that is
necessary for further cue specification and subsequent search pro-
cesses that result in event specificity. This possibility would fit with
Conway’s (2005) hypothesis that a relative lack of evaluation dur-
ing construction results in the iterative search process stopping at
the general level of AM,  before specific events are accessed.

In addition to the enhanced PFC engagement for specific vs. gen-
eral AM,  we found that a right-lateralized region bordering the
amygdala/hippocampus was  engaged disproportionately by spe-
cific AM compared to general AM construction. This differential
hippocampal activity for the construction of specific versus gen-
eral events dovetails with other findings of early hippocampal
activity during the construction of specific AMs  from generic cues
(Addis et al., 2007; Daselaar et al., 2008; Hennessey Ford et al., in
press). In particular, Hennessey Ford et al. (in press) reported dif-
ferential activity during the construction of specific versus general
AMs  in a similar region of the anterior hippocampus, which they
attributed to the increased detail comprising specific events. Criti-
cally, we found that the specific-general difference in participants’
detail ratings did not account for the increased activity during
specific AM construction, suggesting that this region of the hip-
pocampus is mediating some aspect of retrieval that is unrelated
to the amount of detail per se. Because the anterior hippocampus
is often associated with the binding of different types of episodic
details (Davachi, 2006; Dulas and Duarte, 2011; Ranganath, 2010),
one possible explanation is that specific memories place a higher
burden on the integration of details from different modalities than
do general memories. Additionally, the hippocampus is thought
to serve as a pointer system toward the sensory and perceptual
details stored in posterior association cortices (Nadel & Moscovitch,
1997). Early successful hippocampal-dependent indexing of partic-
ular memory traces (i.e., ecphory; Tulving, 1983) may  be critical for
the construction of specific AMs. The fact that the disproportionate
recruitment of the hippocampus during the construction of specific
AMs  occurred when musical cues (Hennessey Ford et al., in press)
or verbal cues (current study) were presented suggests that the
hippocampus may  play this essential role regardless of the route
through which the memory is accessed.

4.3. Regions commonly activated during specific and general
event elaboration

As with event construction, the act of holding both specific and
general AMs  in mind and elaborating on their details revealed
a number of commonalities in the frontal, temporal, and poste-
rior cortical association regions associated with the AM retrieval
network. For example, specific and general AM elaboration both
recruited an area of the medial PFC (BA 10); this finding is perhaps
not surprising given the medial PFC’s role in the self-referential
processing and sense of reliving that defines AM irrespective of
its specificity (Cabeza et al., 2004; Daselaar et al., 2008; Levine
et al., 2004; Maguire & Mummery, 1999). Although activity in the
MTL  was missing from the conjunction analysis at construction, a
cluster in the left hippocampus was  commonly activated by spe-
cific and general AM elaboration. As events are being elaborated
of specific versus general autobiographical memory construction and
1.07.015

upon, the hippocampus may  enable the building of the contextual
scene that exists regardless of event specificity (Addis, Moscovitch,
et al., 2004; see also Hassabis & Maguire, 2007; Hassabis & Maguire,
2009, for discussion of how the hippocampus is associated with

dx.doi.org/10.1016/j.neuropsychologia.2011.07.015
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he construction of complex scenes akin to those experienced dur-
ng AM recall). In other words, even though general events are by
efinition more generic representations than specific events, they
till require a hippocampally-mediated index to recover associ-
ted memory traces of a spatial context (e.g., a general memory
f going to a particular class every morning still elicits contextual
etails about the classroom; see Conway & Pleydell-Pearce, 2000).
imilarly, the common activity evident in bilateral regions of the
emporal pole (BA 21/BA 38) may  reflect the retrieval of concep-
ual knowledge that is ubiquitous to most forms of autobiographical

emories, even those specific in nature (e.g., Graham et al., 2003;
evine, Svoboda, Hay, Winocur, & Moscovitch, 2002; but see Addis,
cIntosh, et al., 2004).

.4. Neural differentiation of specific and general event
laboration

In contrast to our findings during construction, differential
ctivity during the elaboration phase of AM was  primarily con-
ned to the general > specific contrast and did not dissipate when
he level of detail present in each event type was covaried out. The

ost striking finding was that general AM elaboration recruited
rimarily right-lateralized PFC regions (e.g., right superior, middle
nd inferior frontal gyri) to a greater extent than specific AM elab-
ration, as well as a few regions in left PFC. It is unclear based on
hese findings why the elaboration of general AMs  would recruit
o many prefrontal areas. One hypothesis is that activity in these
egions reflects ongoing attempts to retrieve temporally specific
etails or events throughout the elaboration phase, and the evalu-
tion of the output from these retrieval attempts. Consistent with
his idea, many of these PFC regions have been broadly associated
ith memory search, control, and monitoring processes (Henson,
ugg, Shallice, & Dolan, 2000; Henson, Shallice, et al., 1999; see
eviews by Cabeza & St. Jacques, 2007; Maguire, 2001; Svoboda
t al., 2006). It is important to keep in mind that participants in this
tudy were not instructed to retrieve specific memories; therefore,
his continued engagement of the PFC should not be tied to the par-
icular demands of this task. Rather, the continued PFC engagement
uring elaboration of general (vs. specific) AM may  reflect the natu-
ally iterative nature of AM retrieval, which often only ceases once

 specific memory is retrieved (Conway & Pleydell-Pearce, 2000;
onway & Rubin, 1993).

If ongoing retrieval attempts are occurring through elaboration,
t might be expected that a retrieval mode needs to be main-
ained throughout this phase for the general AM task. Indeed, we
ound sustained activity in right PFC during the elaboration of gen-
ral (vs. specific) AMs, in line with other studies reporting these
egions during elaboration (Gilboa, Winocur, Grady, Hevenor, &
oscovitch, 2004; Levine et al., 2004). Indeed, prior research linked

hese regions to the maintenance of a “retrieval mode” (Cabeza,
olcos, Graham, & Nyberg, 2002; Schacter, Alpert, Savage, Rauch, &
lbert, 1996; Tulving, 2002; Velanova et al., 2003) and the expen-
iture of retrieval effort (Kapur et al., 1995; Wagner, Desmond,
lover, & Gabrieli, 1998). An additional possibility is that right PFC
ctivity reflects an increased memory monitoring demand of gen-
ral compared to specific AMs  during the elaboration phase (see
abeza et al., 2002; Gilboa et al., 2004). Gilboa (2004) suggested
hat the right PFC activity commonly found in laboratory – but not
utobiographical – memory tasks might result in the circumstance
hen “there is a demand for the monitoring of one’s own responses

n order to guide the next response” (p. 1344). Like laboratory
pisodic memory tests, general AM elaboration may  be associated
Please cite this article in press as: Holland, A. C., et al. The neural correlates 
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ith further memory cue specifications (and subsequent search
nd monitoring) to guide the selection of a specific event or spe-
ific details from the output of a set of general events. Increased
ost-retrieval operations, such as evaluating the contents of search
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and retrieval cycles (Henson et al., 2000) or monitoring the accuracy
of familiar information retrieved without recollection (St. Jacques,
Rubin, LaBar, & Cabeza, 2008), may  also underlie differential right
PFC activity during general AM elaboration.

4.5. Interactions between memory specificity and memory phase

Interaction analyses confirmed the pattern of PFC activity that
was suggested by the direct contrasts at each retrieval phases:
these prefrontal regions were more active for general events dur-
ing elaboration, and activity related to specific events significantly
decreased between construction and elaboration. This pattern
within the PFC was apparent even when detail was controlled,
and in fact controlling for detail allowed us to detect significant
interaction effects in three regions of the PFC that had not reached
our significance threshold when detail was not considered. Because
two of these three PFC regions were at similar locations to regions
that had been revealed in the direct contrast analyses from a
single retrieval phase (i.e., in specific > general construction or gen-
eral > specific elaboration), it is likely that the revelation of these
regions reflected the fact that controlling for detail accounted for
some of the variability in the regional responses and therefore
increased our sensitivity to detect interaction effects.

A slightly different interaction pattern emerged within the left
lateral temporal lobe (BA 21/22): Activity was significantly higher
for specific versus general AMs  during construction, and activity
related to general AMs  increased across retrieval (i.e., activity in
these regions was  higher during general elaboration versus general
construction). In line with the purported role of lateral tempo-
ral cortex in semantic memory tasks (e.g., Binder, Desai, Graves,
& Conant, 2009; see also Cabeza & Nyberg, 2000; Martin & Chao,
2001; Whitney, Kirk, O’Sullivan, Lambon Ralph, & Jeffries, 2011), we
suggest that during specific AM construction this activity reflects
processing of the word cues and/or more efficient access to seman-
tic information that then allowed participants to retrieve a more
specific memory. During elaboration, however, lateral temporal
activity may  be related to a continued focus on the more semanti-
cized information that constitutes general AMs. Indeed, activation
in BA 21 was  tied to the level of detail recovered, in that it was no
longer significant when detail differences were covaried out.

Overall, the interaction patterns evident in both the PFC and the
lateral temporal cortex suggest that these regions are more engaged
during specific construction and general elaboration. These findings
emphasize that much of what distinguishes specific from general
AM are not the regions that are engaged but rather the timecourse
of the regions.

4.6. Summary

Our findings extend prior research by revealing that the effects
of specificity on memory vary depending on the phase of retrieval.
During initial AM construction, PFC and MTL  engagement is con-
nected to increased memory specificity, but these connections to
enhanced specificity fade during the elaboration phase. This pat-
tern of activity suggests that purported functions of key AM regions
– including temporal context maintenance, search, and retrieval
functions of the PFC, and indexing and detail reconstruction func-
tions of the MTL  – may  come online during the construction phase
of specific AMs  but may  not become engaged until later in the time
course of retrieval for general AM,  perhaps in the service of itera-
tive attempts to retrieve specific episodes or an increased retrieval
monitoring demand. The fact that these results were comparable
of specific versus general autobiographical memory construction and
1.07.015

regardless of whether analyses controlled for detail suggests that
factors beyond level of detail need to be considered to understand
what distinguishes specific from general AM. Increased apprecia-
tion of the neural correlates of specific and general AMs  will be

dx.doi.org/10.1016/j.neuropsychologia.2011.07.015
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mportant for understanding why general memories are character-
stic of some psychiatric disorders, such as depression (Williams,
arnhofer, Crane, Hermans, & Raes, 2007), and whether this behav-

or is linked to neural changes at construction or elaboration.
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