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a b s t r a c t

In designing experiments to investigate retrieval of event memory, researchers choose between utiliz-
ing laboratory-based methods (in which to-be-remembered materials are presented to participants) and
autobiographical approaches (in which the to-be-remembered materials are events from the participant’s
pre-experimental life). In practice, most laboratory studies have utilized old/new recognition memory,
and most autobiographical memory studies have used the Galton–Crovitz word cueing technique [Crovitz,
H.F., & Schiffman, H. (1974). Frequency of episodic memories as a function of their age. Bulletin of the
Psychonomic Society, 4, 517–518]. What are the implications of these methodological choices for under-
standing the component processes and underlying neural substrates of memory retrieval? An Activation
Likelihood Estimation (ALE) meta-analysis procedure [Turkeltaub, P., Eden, G., Jones, K., & Zeffiro, TA.
(2002). Meta-analysis of the functional neuroanatomy of single-word reading: Method and validation.
NeuroImage, 16, 765–780] was used to construct two whole-brain statistical maps: one showing brain
regions that are consistently implicated when the task utilized is old/new recognition memory and one
showing regions that tend to emerge when autobiographical event memory is queried. A comparison of
the two maps shows very few regions of overlap. This basic methodological choice has a profound impact
on the conclusions reached regarding human memory retrieval and its neural substrates.

© 2008 Elsevier Ltd. All rights reserved.

Words to the memory researcher are what fruit flies are to the
geneticist: a convenient medium through which the phenomena
and processes of interest can be explored and elucidated . . .. Words
are of no more intrinsic interest to the student of memory than
Drosophila are to a scientist probing the mechanisms of heredity.
. . . Tulving, 1983, p. 146.

Broadly speaking, research on human memory has followed two
traditions. The first approach is to use laboratory-based methods
in the tradition of verbal learning and memory (Hall, 1971). The
mindset of this tradition is captured by Tulving’s quote above. In
this experimental tradition, subjects might be asked to study a list
of words and then a few minutes later be tested on that list. The idea
is that each word in the study list constitutes a micro-event, and
understanding how people recall or recognize such micro-events
informs how life events are retrieved.
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The second tradition – often referred to as the autobiographical
memory or everyday memory approach – is more naturalistic in
that researchers study real-life memories from peoples’ past. One
popular methodological technique is to give participants cue words
(e.g., airplane) and ask them to use each cue word as a starting
point to recall a related memory (Crovitz & Schiffman, 1974; Galton,
1879).

Obviously, the two orientations differ substantially on the sur-
face, but the underlying assumption (certainly in the case of the
laboratory-based methods) is that there will be convergence on the
conclusions regarding the basic principles of memory. Each tradi-
tion has advantages and disadvantages, and considerable debate
has arisen regarding the more appropriate approach (Banaji &
Crowder, 1989; Koriat & Goldsmith, 1996; Neisser, 1978); we men-
tion just a few of the factors that bear on the decisions of which
approach to use.

Studies in the laboratory tradition offer strict experimental con-
trol: one can know with certainty what objective events (e.g.,
words) were present during the encoding phase, and variables can
be manipulated during encoding and retrieval phases. One can sta-
tistically control for guessing, too, in that false alarm rates can be
measured in old/new recognition. These studies, however, entail
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compromises in the area of ecological validity. How well does a
person’s recognition of whether the word “ham” had been read
10 min prior inform understanding of the processes underlying
recollection of life events—events that are complex, spatially and
contextually rich, emotional, and self-focused? The assumption
is that these studies capture core processes of memory and that
the social and visuospatial factors that accompany memories from
one’s life are added in on top of these core memorial processes
(Cabeza et al., 2004; Svoboda, McKinnon, & Levine, 2006; Tulving,
1983; Winograd, 1993). The heart of memory, though, is thought to
be experimentally tractable through the use of micro-events (e.g.,
lists of words or pictures).

Studies in the autobiographical memory tradition sacrifice
experimenter control in favor of ecological validity. People are asked
to remember the events of their lives. Although memory cues can
be varied, as can instructions (e.g., the time period from which
to remember), there is no experimenter control over the events
remembered, and there is no way to know how faithfully a person’s
recollection accords with the initial experience. The methods differ
in time, too, not only in that the events of interest have occurred
on different timescales (weeks or years for studies in the autobio-
graphical memory tradition compared with minutes/hours in the
laboratory memory tradition): It can take people on the order of
8–12 s to construct a vivid autobiographical memory (Robinson,
1976), compared to recognition memory decisions, which often
occur in a second or two. This difference has made direct empiri-
cal comparisons of the two approaches challenging (especially with
respect to neuroanatomical correlates).

To this point, most empirical studies of human memory have fol-
lowed from the experimental tradition, and there is little crosstalk
between traditions (although see Cabeza et al., 2004 for an excep-
tion). This characterization applies not only to the behavioral
psychological literature but also to neuroimaging studies. What are
the implications of this methodological choice for understanding
the neural substrates of memory retrieval?

What might be hypothesized for a comparison of regions
involved in laboratory-based and autobiographical memory inves-
tigations? Several studies have attempted to contrast the two (e.g.,
Cabeza et al., 2004; Conway et al., 1999; Fink et al., 1996; Nyberg,
Forkstam, Petersson, Cabeza, & Ingvar, 2002). Nyberg et al. found
that laboratory-based cued recall and recognition tests produced
similar brain activity, which differed from that seen with autobio-
graphical memory. Cabeza et al. found many similarities between
a laboratory-based and autobiographical memory task, and the
differences were in the direction of more activation for the autobi-
ographical memory task within regions interpreted as contributing
self-relevant processing (medial prefrontal cortex), visual–spatial
memory (occipital and parahippocampal regions) and recollection
(hippocampus). Taken together, the results of these two studies
highlight the uncertainty surrounding the question. Do laboratory
and autobiographical memory have little neural activation in com-
mon (as might be concluded from an extrapolation of Nyberg et
al.’s finding)? Or is it the case that the two share a core set of
processes/regions, but with autobiographical memory calling upon
an additional set of processes (e.g., more self-relevant, recollective,
and emotional processing, as might be suggested by Cabeza et al.’s
findings)?

In addition, a careful reading of the separate literatures shows
that the focus of interest tends to be on different regions. Qualita-
tive reviews of the autobiographical memory literature (Cabeza &
St. Jacques, 2007; Conway, Pleydell-Pearce, Whitecrow, & Sharpe,
2002; Gilboa, 2004; Maguire, 2001; Svoboda et al., 2006) have
focused on posterior cingulate, left and medial prefrontal cortices,
as well as hippocampus and surrounding regions. Hippocampal
activity is less commonly observed in laboratory-based studies of
retrieval (but see Diana, Yonelinas, & Ranganath, 2007), for which

the focus of review articles tends to lie on the role of prefrontal
cortex and lateral and medial parietal cortices (e.g., McDermott
& Buckner, 2002; Nyberg, Cabeza, & Tulving, 1996; Shannon &
Buckner, 2004; Wagner, Shannon, Kahn, & Buckner, 2005).

At this point, most neuroimaging studies of memory in the lab-
oratory tradition have utilized old/new (i.e., free choice or yes/no)
recognition memory, with relatively few employing other tasks,
such as forced choice recognition memory, cued recall, or free recall.
Hence, conclusions from this tradition tend to draw heavily on a sin-
gle task, one that can rely both on vivid recollection of the past and
general familiarity (see Yonelinas, 2002 for review). The literature
on autobiographical memory is more diverse, as will be reviewed
below, but it is generally the case that verbal cues are used as a
retrieval cue, and activation in this condition is compared to some
baseline task, which varies across studies.

1. The present approach

The goal of the present report is to examine the extent to which
regions commonly activated in laboratory-based memory studies
overlap with (or differ from) those found in studies of autobiograph-
ical event memory. To this end, two quantitative meta-analyses
were performed using an Activation Likelihood Estimation (ALE)
procedure, which, as will be reviewed, reveals at the whole-brain
level the likelihood of activation across the literature.

To examine regions revealed from laboratory-based studies
of memory retrieval, we adopted one of the region-definition
approaches receiving the greatest focus within this neuroimag-
ing literature—identification of regions seemingly important for
“retrieval success,” or the feeling of recollection that emerges once
one makes contact with a to-be-remembered event. In most such
studies, activity on an old/new recognition task for hits and cor-
rectly rejected lures has been contrasted (at the whole-brain level).
Using the coordinates reported, a reliable estimate can be obtained
for the regions that tend to be more active for cases in which a
person tries to recollect the past and succeeds (hits) than when
the retrieval attempt fails (correctly rejected lures). This specific
contrast was chosen because it seems to represent the essence of
memory retrieval – the moment of retrieval of one’s past (albeit
words studied minutes previously) – and because many studies
have now reported whole-brain analysis of this contrast (or slight
variations).1 Hence, we can ask which regions – on average – appear
when one identifies regions contributing to memory retrieval in
this way. We will refer to this approach as being laboratory-based
because to-be-remembered information takes place in the labo-
ratory (in contrast to autobiographical memory studies, in which
people are asked to retrieve information about their lives prior to
participation in the study).

Second, we identified regions that emerge in studies of autobi-
ographical memory. For this analysis, a single prototypical contrast
was not possible because there is little convergence across studies
with respect to the specific task of interest and even less agreement
on the appropriate baseline measure (for discussion see Maguire,
2001). Nonetheless, we can still ask the critical question: What
commonalities emerge across studies of autobiographical mem-
ory? Indeed, a quantitative meta-analysis is a highly appropriate
approach for attempting to identify the core regions contributing to
autobiographical memory in that it allows the activations common
across the diverse set of approaches to emerge. That is, any individ-
ual comparison can easily be criticized for one reason or another,
but across all tasks attempting to examine memory for episodes

1 A cleaner approach would be to contrast hits and misses (so that both item
classes had been studied) but in many studies there are too few misses to obtain a
reliable signal estimate for this class of items.
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in one’s past relative to a control task, what brain regions tend to
activate?

2. Methods

Articles were initially identified by searching the Medline databases
(www.nlm.nih.gov/pubs/factsheets/medline.html) for peer-reviewed articles
whose titles, keywords, or abstracts included the terms “retrieval success,” or
“autobiographical memory” and any of the terms “fMRI,” MRI,” “PET,” or “neu-
roimaging.” A few additional articles were identified by further related searches.
From among these candidate articles, one author (KS) then identified studies
reporting conditions of interest (see Appendix A in Supplementary material).

Studies were considered for inclusion if they were published before February
2008, included a voxelwise (i.e., whole-brain) contrast for data of interest, and
reported areas of peak activation in a standardized coordinate space (e.g., Talairach
and Tournoux, 1988). We restricted our analysis to data from neurologically normal
young adults (i.e., no patient populations or older adult participants). Analysis-
specific inclusion criteria are presented below.

2.1. Laboratory-based studies

For the laboratory-based analysis, we sought a comparison of retrieval success
relative to a condition of retrieval attempt but no success. In most cases (N = 14), the
comparison was between hits and correctly rejected lures on an old/new recogni-
tion test, in which visually presented words, pictures, objects, or faces were encoded
and retrieved. Variations can be seen in Appendix B in Supplementary material.
We included all studies listed in the meta-analysis, because we were interested in
regions generally associated with retrieval success. Exclusion of any particular set of
tasks from the analysis (e.g., those using faces as stimuli) did not appreciably influ-
ence the overall pattern of results, although with more power such factors may prove
to be important. Within the 18 studies, 235 activation foci emerged for inclusion in
this analysis (see Appendix B in Supplementary material).

2.2. Autobiographical studies

Studies identified for inclusion in the autobiographical analysis needed to evoke
personal event memories and contain a control task that did not invoke laboratory-
based methods such as those considered above. Studies using laboratory-based
retrieval as a comparison task were excluded as a means of ensuring that regions of
overlap between autobiographical and laboratory-based retrieval could be identified
(so as not to subtract out such commonalities). Also, comparisons of two autobio-
graphical conditions (e.g., recent vs. remote memories) were excluded. Otherwise,
all other comparison tasks were included.2 Two instances of duplicate publication
of the same dataset were identified, and in those cases only one of the datasets were
used (so as not to over-represent those data in the analysis). Several datasets con-
tained more than one relevant contrast, in which case we chose only one of them
(with an eye toward capturing variability across studies).

With this approach, 210 foci showing greater activation for autobiographical
retrieval than a control task were obtained from 14 studies (see Appendix C in
Supplementary material). As with the laboratory-based tasks, these studies were
associated with a variety of memory-evoking cues (e.g., words, sentences, pictures).
Again, all studies were included in the analysis, and the exclusion of any particular
cuing paradigm did not influence the overall pattern of results (but may, with time
and an expanding literature, prove to be important).

All of the compiled foci had been translated previously into a standardized
atlas space. The coordinates of the foci had been derived using a variety of analysis
methods (e.g., SPM, AFNI), though. To account for differences among the anatomical
templates and registration algorithms used for spatial normalization in the various
analysis packages, we utilized the Computerized Anatomical Reconstruction and
Editing Toolkit (Caret, Van Essen et al., 2001) along with the Population-Average
Landmark- and Surface-based (PALS) atlas (Van Essen, 2005) to remap the coor-
dinates into a single common atlas space (for a more detailed description of this
approach see Christ, Van Essen, Watson, Brubaker, & McDermott, 2008). This set
of mapping procedures corrects for differences in coordinate spaces across anal-
ysis methods; such differences are a significant concern because they can lead to
variation greater than 1 cm (Van Essen & Dierker, 2007).

2.3. Activation Likelihood Estimation map generation

Following the appropriate coordinate transformation (described above), the
methods reported by Turkeltaub, Eden, Jones, and Zeffiro (2002) and the accom-

2 Note that we included coordinates from three studies using ‘rest’ as a comparison
task. Although we are aware that this task might engage similar processes as those
engaged by autobiographical memory retrieval (Gusnard et al., 2001) and thus mask
processes important to autobiographical memory, the exclusion of these studies
made little difference to the overall pattern of data. Accordingly, these studies are
presented as part of the final analysis.

panying software (available online, http://csl.georgetown.edu/software/) were used
to generate two whole-brain statistical maps, one representing the likelihood of
activation (on a voxelwise basis) for lab-based studies and one for autobiographical
memory studies. The ALE approach conceptualizes activation foci not as single points
but as probability distributions surrounding each reported peak coordinate. Across
studies, these probability distributions are summed, and the result is a whole-brain
map in which each voxel represents the activation likelihood within the literature.

Specifically, a three-dimensional Gaussian distribution, with a standard devi-
ation of 6 mm (full-width at half-maximum of 15 mm), was used to model the
localization probability distribution for each activation coordinate. Because the
question of interest was the probability of a focus lying anywhere within a given
voxel (and not just at the center of the 2 mm3 voxel), the resulting values were
multiplied by a factor of 8 mm. This process was repeated such that 235 and 210
probability values (for lab-based and autobiographical studies, respectively, one for
each of the activation foci) were generated for each voxel. These values were then
used to calculate the likelihood that at least one of the activation foci fell within
a given voxel. The result was a pair of whole-brain ALE maps: one for laboratory
memory and one for autobiographical memory.

We then thresholded the ALE maps to achieve a p-value of .05 using the following
procedure. For both maps, 5000 permutations of randomly distributed foci were
subjected to the methods outlined above. The resulting values were used to calculate
the expected probability value for a given voxel under the null hypothesis at various
levels of statistical significance (see Turkeltaub et al., 2002). These data permitted
a thresholding of the whole-brain ALE maps so as to achieve a p-value of .05 while
controlling for false discovery rate (Genovese, Lazar, & Nichols, 2002; Laird et al.,
2005).

The surface data reported here are available for download via the SumsDB
database (http://sumsdb.wustl.edu/sums/directory.do?id=6722273), and the volu-
metric data are available from the first author upon request.

2.4. Activation localization

Localization of significant ROIs to geographic regions was based on a probabilis-
tic sulcal identity map generated using the 12 contributing brains of the PALS-B12
atlas (Van Essen, 2005) in combination with a subjective volumetric examination
of the activations overlain on a structural image in the same coordinate space; this
latter method was especially important for activations along the medial wall, which
are currently not described verbally within Caret. Localization to cortical areas was
based on maps of cortical areas registered to the PALS atlas from the partitioning
schemes of Brodmann (1909) and Öngür, Ferry, and Price (2003).

Center-of-mass coordinates were identified using an automated peak-finding
algorithm, which took into account the level of statistical significance and necessi-
tated that peaks be separated by 8 mm.

3. Results

3.1. Laboratory-based studies

The resulting ALE map for laboratory-based tasks can be seen
in Fig. 1 (see also Table 1). Here one can see voxels that – across
studies – tend to activate under conditions of retrieval success (e.g.,
more for hits than correctly rejected lures on a recognition memory
test). Identified regions fall within bilateral inferior parietal cor-
tex (more pronounced on the left), precuneus, posterior cingulate
cortex, left inferior and middle frontal gyri, right middle frontal
gyrus, left posterior parahippocampal gyrus, left frontal operculum,
and a very small region in right frontal operculum. Center-of-mass
coordinates, along with verbal labels and approximate Brodmann
Areas (BA, obtained from Caret) are reported in Table 1. Some of
these regions have received intense focus in the retrieval litera-
ture (e.g., right middle frontal gyrus, precuneus, lateral parietal
cortex), whereas others (although consistently reported) have not
yet received much attention (e.g., left frontal operculum).

3.2. Autobiographical memory methods

Fig. 2 displays regions that – across studies – are more
active for autobiographical memory tasks than baseline com-
parison tasks. Regions seen here fall within medial prefrontal
cortex, left premotor cortex, posterior cingulate/retrosplenial cor-
tex, angular gyrus (predominantly on the left), and bilateral
hippocampus/parahippocampal gyri, among other locations. More
detail can be seen in Table 2. Many of these regions have been
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Fig. 1. ALE map for laboratory-based tasks reporting coordinates related to retrieval success. p < .05 (FDR-corrected).

identified previously as playing a consistent role in the retrieval
of autobiographical memories (e.g., Maguire, 2001; Svoboda et al.,
2006). Further, several of these regions (specifically within medial
prefrontal cortex, posterior cingulate cortex, and hippocampus)
appear to align with those appearing in the “default network”
(Gusnard & Raichle, 2001; Raichle et al., 2001), which tends to
de-activate during tasks drawing attention away from the internal

Table 1
Center-of-mass coordinates and verbal description of regions appearing in the ALE
map for laboratory-based memory studies.

Lobe BA Peak Voxels

x y z

Frontal
L IFGa 44/45/46 −46 18 23 500
L MFGa 6/9/44 −42 8 35 478
L MFGa 10/46 −40 41 5 439
R MFG 6 32 4 49 53
R MFG 10 29 51 10 37
L operculum −35 14 2 185
R operculum 30 19 −2 4

Parietal
L Pcu 7/18/19/39 −9 −73 31 521
L SMG 40 −53 −55 22 70
L IPL 7/39 −36 −62 37 526
R IPL 7 38 −53 40 293

Temporal
L PHG 27/35 −14 −41 0 27

Occipital
R SOG 19 33 −70 30 36

L PCC 23/31 −5 −43 28 323
Cingulate 9/24/32 −7 27 31 235
Cingulate 24 −3 −22 23 34

Lentiform nucleus −13 1 7 25
Caudate 9 2 4 45

Note: L = left; R = right; IFG = inferior frontal gyrus; MFG = middle frontal gyrus;
Pcu = precuneus; PCC = posterior cingulate cortex; SMG = supramarginal gyrus;
IPL = inferior parietal lobule; PHG = parahippocampal gyrus; SOG = superior occipital
gyrus.

a Represent one contiguous swath of activity.

environment and onto externally relevant cognitive tasks. This net-
work has been hypothesized to underlie self-referential thoughts
such as those engaged during daydreaming, free association, auto-
biographical memory, and episodic future thought (Addis, Wong, &
Schacter, 2007; Szpunar, Watson, & McDermott, 2007), and these
cognitive processes appear to be the default processes employed
when people are not actively engaged in directing attention toward
the external environment (Gusnard & Raichle, 2001).

3.3. Direct comparison

Before considering the direct comparison, we consider a quali-
tative comparison of Figs. 1 and 2, which appears to reveal large
differences. For example, the laboratory-based studies (Fig. 1)
show left-lateralized activations within frontal and parietal cor-
tices (in locations not seen with the autobiographical methods,
Fig. 2), whereas the autobiographical studies show medial frontal
activity in addition to large swaths of activity in and around hip-
pocampus. Both maps exhibit regions within posterior cingulate
cortex.

A surfaced-based direct comparison of the two ALE maps is
shown in Fig. 3 (projected using Caret software). Here, the points
of overlap from the two analyses can be seen (in green), along
with the paradigm-selective regions in which no overlap occurs
(blue = laboratory; red = autobiographical). A volumetric display of
only the overlapping regions can be seen in Fig. 4. The most notice-
able feature of Fig. 3 is that the maps are largely non-overlapping.
There are points of intersection, however, and these occur within
posterior cingulate cortex (BAs 19/31 and 23/31), left inferior frontal
cortex (BA 44), and right thalamus. These regions may be particu-
larly important for memory retrieval. Clearly, though, the laboratory
memory approach does not activate a subset of regions/processes
recruited by autobiographical memory tasks. Instead, the networks
underlying the two comparisons seem fairly distinct.

4. Discussion

In summary, three fundamental points emerge from this dataset.
First, taken separately, Figs. 1 and 2 are informative in that the iden-
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Fig. 2. ALE map for tasks recruiting autobiographical event memory. p < .05 (FDR-corrected).

tification of regions consistently seen for laboratory-based studies
of retrieval success and for autobiographical memory is timely
and fundamental. These maps are available upon request from the
authors and could be used as regions of interest for future inves-
tigations. Space precludes a thorough discussion of the specific
regions demonstrated and the possible processes contributed by
each, although a whole manuscript could be dedicated to such
speculation. Indeed, past articles (and even special issues of jour-
nals, e.g., Simons 2008) have been dedicated to individual regions
emerging from such contrasts.

The primary message from these data is that the regions emerg-
ing from the literature on laboratory memory and autobiographical
studies of memory retrieval are virtually nonoverlapping. This
observation can be seen qualitatively by comparing Figs. 1 and 2
and by a direct contrast (Figs. 3 and 4).

Table 2
Center-of-mass coordinates and verbal description of regions appearing in the ALE
map for autobiographical event memory studies.

Lobe BA Peak Voxels

x y z

Frontal
mPFC/ACC 24/32/33 −4 40 2 227
L PreM 6/8 −8 5 57 170
L IFG 44 −47 16 23 49
L MFG 9/10 −14 50 22 14

Parietal
L angular gyrus 39 −47 −62 14 89
R angular gyrus 39 46 −68 22 10

Temporal
L HF/PHG 20/28/35/36/37 −24 −33 −17 524
R HF/PHG 20/28/35/36/37 20 −36 −16 349
R ant. hippocampus 28 22 −15 −17 77

L PCC 17/19/23/29/30/31 −5 −60 19 525
Cingulate 24/32 1 10 42 147

Thalamus 2 −5 2 194
Lentiform nucleus −7 3 −4 113

Note: L = left; R = right; m = medial; PFC = prefrontal cortex; ACC = anterior cingu-
late cortex; PreM = premotor cortex; IFG = inferior frontal gyrus; MFG = middle
frontal gyrus; HF = hippocampal formation; PCC = posterior cingulate cortex;
PHG = parahippocampal gyrus; BA = Brodmann’s area; ant = anterior.

The third point is that the few regions of overlap may point to
regions particularly important for memory retrieval (although by
no means would we claim they are the only regions critical for
memory retrieval). The differences and similarities in laboratory
and autobiographical memory tasks are considered below.

4.1. Differences between the two approaches

As noted, the primary finding in the dataset is the overwhelm-
ing discrepancy seen in the neural underpinnings associated with
memory retrieval as a function of methodological choice. What
is the source of such a large discrepancy? Obviously, there are
many differences between the tasks under discussion here. For
the most part, laboratory studies of the neural substrates of mem-
ory retrieval have utilized old/new recognition memory with overt
responding (typically a button press), whereas autobiographical
studies tend to employ cued recall with covert responding. Lab
studies deal with much shorter timeframes (minutes to hours)
and tend to use less emotion-laden stimuli not especially rele-
vant to one’s sense of self (see Cabeza et al., 2004 for discussion).
They stress accuracy and monitoring over extrapolation and gap-
filling. They take a second or two to complete (in comparison
to autobiographical memory tasks, which can take much longer).
They deal (typically) with less complex visuospatial informa-
tion.

Nonetheless, a reasonable hypothesis would be to see funda-
mental regions of overlap (with some differences emerging, too).
This mindset was captured by Moore (1910), who argued that “we
have not one mind for the laboratory and another for the world. The
same mental processes that take place in the world are observed
in the laboratory, but under different conditions. The change in
conditions is in the direction of greater simplification. The men-
tal process of the laboratory is, as it were, a purified product and
its true properties can therefore be more easily determined.” (p.
116). Tulving (1983) espoused a similar view, claiming “I know of
no compelling reasons why the general principles that apply to
remembering of mini-events in the laboratory should be greatly
different from those governing the remembering of real-life expe-
riences. Rememberers do not leave their brains and minds behind,
or switch them off, when they enter the memory laboratory” (p.
146).



Author's personal copy

K.B. McDermott et al. / Neuropsychologia 47 (2009) 2290–2298 2295

Fig. 3. Similarities and differences between the regions activated by laboratory memory and autobiographical memory tasks viewed on the inflated PALS atlas surface. Voxels
shown in blue represent those that (across the literature) activate in laboratory-based studies of retrieval success; those shown in red activate in autobiographical event
memory studies; and those in green represent overlap between the two conditions. Top row: left lateral, left posterior, right posterior, and right lateral views. Bottom row:
left medial, right anterior, left anterior, and right medial views. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of
the article.)

In line with this viewpoint, one might have expected studies of
retrieval success to activate a subset of regions important for auto-
biographical event memory somewhat like studies of word stem
completion activate a subset of regions implicated in word stem
cued recall (Buckner et al., 1995; Squire et al., 1992; for discussion
see Roediger, Buckner, & McDermott, 1999). Indeed, Cabeza et al.
(2004) obtained such a pattern (i.e., a laboratory task activating a
subset of regions activated by an autobiographical task), although
the specific tasks used were manipulated in an attempt to gain con-
trol over many of their differences, with the end result being that
the autobiographical task was made more like a laboratory task than
usual.

The foregoing comparison between laboratory and autobi-
ographical event memory tasks may also lead one to expect
laboratory tasks to have elicited activity in a region (or regions)

responsible for fine-grained monitoring processes, which are not
thought to play a large role in autobiographical memory tasks
(Cabeza et al., 2004; Gilboa, 2004; Maguire, 2001). Indeed, regions
of prefrontal cortex similar or identical to those seen for laboratory
memory tasks (Fig. 3) have been interpreted in this manner.

In general terms, what should be made of the striking lack
of overlap seen with these two approaches? We suspect that
researchers predisposed to prefer one approach to the other may
be tempted to conclude that these data are evidence that the non-
preferred approach is flawed. For example, one could point to
the data while arguing that laboratory memory tasks are artifi-
cial and that if the goal of memory researchers is to understand
retrieval of life events, one is missing the target by studying old/new
recognition memory. This argument could be buttressed by the
observation that the regions seen in the autobiographical mem-

Fig. 4. Volumetric display of overlap between laboratory and autobiographical methods. Centers of mass −4, −66, 28 (posterior cingulate, BA 19/31, region A); −6, −52, 28
(posterior cingulate, BA 23/31, region B); −46, 16, 24 (left inferior frontal gyrus, BA 44, region C); and 8, −2, 6 (right thalamus, region D).
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ory map align naturally with the neuropsychological literature,
which has shown that lesions to hippocampal regions (especially
on the left, Spiers, Maguire, & Burgess, 2001), thalamus (Zola-
Morgan, Cohen, & Squire, 1983), or posterior cingulate/retrosplenial
cortex (Valenstein et al., 1987) can lead to memory impairments.
Further, the findings that left inferior parietal cortex and anterior
prefrontal cortices are consistently implicated in fMRI studies of
memory retrieval (with laboratory methods) has been puzzling in
that these regions were unanticipated from the neuropsychologi-
cal literature; it is unclear whether lesions of these regions lead to
deficits in memory retrieval. In short, these data could be taken as
supporting the choice of autobiographical methods over laboratory
methods.

Although there may be some validity to the foregoing claims,
it is equally possible for a researcher with another viewpoint to
find the data consistent with their own view that autobiograph-
ical tasks are flawed. These arguments follow the general story
that one has no control over what subjects do during a 10-s trial
window (especially one in which no response is required), and
whatever the subjects choose to do may not necessarily be related
to memory retrieval. Further, even if subjects are covertly perform-
ing the task as instructed, there is no way to measure memory
accuracy.

We feel it important to note that there are other conclusions,
as well, to consider. It could be that the two approaches comple-
ment each other well in that when taken together, they recruit
a large set of processes fundamental to (albeit not all necessary
for) memory, with each approach excelling at isolating different
processes. For example, one approach might do a better job at
isolating recollective processes, whereas the other approach may
draw more upon familiarity, although our attempts to link the
maps to the remember/know literature seem to show that some
regions in each of the maps appear to align with those underly-
ing remember judgments. A definitive statement regarding this
interesting question may await the growth of the remember/know
literature to a point where a meta-analysis is possible for that con-
trast.

We now return to the more basic point that these two method-
ological approaches may be complementary such that each excels
at isolating a certain set of memorial processes. In this scenario,
increasing the crosstalk between domains would be fruitful for
researchers on both sides of the fence. Limiting our understanding
of the component processes or the neural substrates of memory to
a single methodological approach may prevent a more complete
understanding of memory retrieval.

It is possible that the overlap obtained in the present data is
underestimated due to Type II error. After all, many of the same
principles are seen in the laboratory and autobiographical mem-
ory literatures (e.g., the importance of distinctiveness; the role of
proactive and retroactive interference; the effectiveness of cues
at reminding one of a previously inaccessible memory; the role
of self-relevance in enhancing later memory, Roediger & Marsh,
2003).

Importantly, it could be that other laboratory-based tasks (e.g.,
free recall) would more closely approximate the processes used in
recall of autobiographical event memories. The literature is not yet
mature enough to permit a meta-analysis examining this question
with respect to free recall; most of the neuroimaging literature has
relied upon variants of recognition memory, just as the autobio-
graphical memory literature has focused on the Galton word-cueing
technique. Methodological issues prevent a single definitive study
being able to address the similarities and differences in the neural
substrates of recognition memory and free recall or between the
Galton cueing technique and other methods of studying autobio-
graphical event memory. Hence, at this point it would be premature
to conclude that the regions of overlap seen in the present inves-

tigation are the only ones that could be seen in a comparison of
laboratory and autobiographical methods.

Indeed, a fruitful avenue for future research would be to attempt
to bridge the gap between methodological approaches by taking
small steps with independent variables. For example, one could
begin with a simple recognition memory task for word lists and
gradually make the task more life-like by first introducing mul-
timodal complexity to the stimuli, then adding self-relevance to
the multimodal stimuli, then moving to recall, then lengthen-
ing the retention interval, and so on. Such steps could probably
bridge the gap between the two approaches now in common use.
Importantly, if such a pattern occurred, it would suggest that it
is the current implementation of laboratory and autobiographi-
cal approaches (and not the approaches themselves) that differs
so markedly.

4.2. Similarities between the two approaches

Although the primary picture emerging from the data presented
here is that the two methodologies lead to strikingly different
activation maps, there were some areas of overlap, and those are
considered here. These regions are of interest largely because one
would expect any regions necessary for retrieval to appear in both
maps (assuming sufficient power to develop reliable maps). We
begin by examining the two regions in posterior cingulate (Fig. 4A
and B). These two regions emerge from the intersection of three
distinct regions (a laboratory-based posterior cingulate region, a
laboratory-based precuneus region, and an autobiographical pos-
terior cingulate region), as can be seen in Fig. 3. It remains unclear
to what extent (if at all) the overlap seen represents true functional
overlap. Although processes central to (and possibly even necessary
for) memory retrieval may be contributed by these regions, future
research is necessary to address whether these overlap regions are
indeed functionally distinct, or whether their appearance repre-
sents a source of noise unaccounted for in the dataset. For example,
the ALE approach takes into account only the location of peak acti-
vations reported in articles and not the shape of reported regions
of interest; it therefore assumes a spherical ROI centered on each
peak activation focus, an assumption that may not be valid. Hence
it could be that the spatial extent of the three regions mentioned
above is over-estimated (or under-estimated) by the present meth-
ods.

On the other hand, it seems reasonable to expect that any
regions that are regularly identified both in studies that have used
laboratory-based methods to examine retrieval success and in
studies using autobiographical procedures to examine retrieval of
life events might represent core regions important for memory
retrieval. Further, as mentioned previously, damage to regions in or
near those seen in posterior cingulate/retrosplenial cortex can lead
to memory impairment (Valenstein et al., 1987). Our conclusion at
this point is that these regions can be considered candidates for
contributing fundamental processes to retrieval of event memory
but that definitive statements in this regard await future research.

The third region of overlap appeared within left inferior frontal
cortex (BA44). This region seems less susceptible to the concerns
outlined above regarding spatial extent, as the activity seen in
autobiographical studies lies in the heart of a much larger swath
of activity observed by laboratory-based studies. Both literatures
make reference to left frontal cortex, and the present analysis clari-
fies that observation. In autobiographical memory studies, a region
within BA44 tends to activate, whereas in laboratory studies of
retrieval success, much of left frontal cortex is activated reliably.
It seems likely that the unconstrained nature of the autobiographi-
cal memory task comparisons resulted in variability in the locale of
frontal activations, such that only one region emerges consistently
across studies.
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The fourth region is actually a very small intersection of acti-
vation within right thalamus. Neither literature tends to focus
much on its discussion; here we note that laboratory-based studies
tend to activate thalamus more anteriorly than those using auto-
biographical methods and that (as with posterior cingulate) the
neuropsychological literature demonstrates that thalamic lesions
can cause memory impairment (see Svoboda et al., 2006 for review).

4.3. Summary

Research involves construction of a persuasive narrative. Even
when whole-brain analysis is used in neuroimaging, data analy-
sis and discussion often focus on a subset of the observed regions.
Methodological choices influence these biases, which are therefore
self-perpetuating. Hence, methodological assumptions are key in
determining what we know about memory retrieval. The present
quantitative meta-analysis suggests that tasks typically employed
to study autobiographical memory do not simply involve most of
the same processes as those employed for laboratory-based mem-
ory studies but with more emotional and self-referential processing
occurring for the former and more monitoring occurring for the
latter. The neural substrates (and underlying processes) associated
with the two tasks differ much more fundamentally than such a
heuristic would suggest. The present analysis highlights both the
gap between these approaches and the importance of bridging
the gap in an effort to understand the factors that lead to these
differences. A re-examination of how these approaches differ and
adoption of broader approaches to studying these questions could
prove beneficial in enhancing understanding of memory retrieval
and its neural substrates.
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