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Abstract The study explores the bottom-up attentional
consequences of episodic memory retrieval. Individuals
studied words (Experiment 1) or pictures (Experiment 2)
presented on the left or on the right of the screen. They then
viewed studied and new stimuli in the centre of the screen.
One-second after the appearance of each stimulus, partici-
pants had to respond to a dot presented on the left or on the
right of the screen. The dot could follow a stimulus that had
been presented, during the study phase, on the same side as
the dot (congruent condition), a stimulus that had been pre-
sented on the opposite side (incongruent condition), or a
new stimulus (neutral condition). Subjects were faster to
respond to the dot in the congruent compared to the incon-
gruent condition, with an overall right visual Weld advan-
tage in Experiment 1. The memory-driven facilitation eVect
correlated with subjects’ re-experiencing of the encoding
context (R responses; Experiment 1), but not with their
explicit memory for the side of items’ presentation (source
memory; Experiment 2). The results indicate that memory
contents are attended automatically and can bias the
deployment of attention. The degree to which memory and
attention interact appears related to subjective but not
objective indicators of memory strength.
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I (MM) became aware of Giovanni Berlucchi’s work
very early in my career. Having published my Wrst
short paper on laterality in what essentially was a
vanity press journal (Moscovitch and Catlin 1970), a
paper I was sure was the equivalent of placing a note
in a bottle and Xoating it out to sea, I was surprised
and delighted to see it cited as a footnote in Brain in a
paper on laterality by an Italian group to which Giov-
anni belonged (Rizzolatti et al. 1971). It did not mat-
ter at all to me that it was cited under my Wrst name
rather than my last. All I cared about is that someone
had found the bottle and read the note. That was the
beginning of a long association. Giovanni, Giacomo
Rizzolatti, and Carlo Umiltà were the Wrst people to
invite me to present my work at a university outside
North America. I still remember fondly how gra-
ciously Giovanni and his wife hosted me. The ele-
gance, intelligence, and deep authority of his work
reXects the man. What it does not capture is his gen-
erosity and kindness (or his fast, but assured, han-
dling of cars which may not be unusual for Italian
drivers, but which impressed me, and sometimes
made me catch my breath). Giovanni and his collabo-
rators promoted me and my work. Through them I
developed an Italian connection which lasts to this
day. I met Elisabetta Ladavas on that Wrst visit to
Italy and she came to work as a post-doctoral fellow
with me. And now, more than a quarter century later,
Elisabetta’s student, Elisa Ciaramelli, is my post-doc-
toral fellow. It is Wtting that she is the primary author
of this paper in honour of Giovanni with whom my
Italian connection began. The paper even has a later-
ality component, though one arising from the interac-
tion of episodic memory with attention, which is its
main concern.
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Introduction

An interesting question for cognitive psychology is whether
memory retrieval processes require attention for their opera-
tion. One approach that has been extensively used to address
this question is to reduce attentional resources during memory
tasks, for example by having subjects divide their attention
between the memory task and a concurrent task, and see
whether memory suVers. While numerous studies have shown
that dividing attention at encoding causes consistent detrimen-
tal eVects on later memory performance, the eVects that the
same manipulation has on memory retrieval are more subtle,
and depend crucially on the type of memory task examined
(e.g., Baddeley et al. 1984; Craik et al. 1996). If the memory
task makes heavy demands on controlled processes during
retrieval, such as those needed to initiate a strategic search
(e.g., recall from categorized word lists, list discrimination),
then interference eVects of dividing attention on memory are
observed (Moscovitch 1992, 1994; Park et al. 1989; Jacoby
et al. 1989; Kane and Engle 2000). In contrast, divided atten-
tion during retrieval has little, if any, impact on more direct
memory tasks, such as recognition or recall of uncategorized
words, which beneWt little from strategic search processes
(e.g., Baddeley et al. 1984; Craik et al. 1996; Fernandes and
Moscovitch 2000; Naveh-Benjamin et al. 1998). This Wnding
has led some researchers to suggest that memory retrieval,
once initiated, is an automatic process that runs almost obliga-
torily (Craik et al. 1996).

Additional evidence, however, has indicated that even in
relatively automatic memory tasks the attentional costs and
needs of memory retrieval are in fact detectable. Fernandes
and Moscovitch (2000, 2002) found that recall of a list of
unrelated words was disrupted when participants concurrently
performed a word-based distracting task, although it was not
if they performed a picture-based distracting task. This Wnding
suggests that memory retrieval may compete with ongoing
processing for reactivation of content representations. More-
over, although memory performance does not normally suVer
from divided attention at retrieval, memory retrieval does inX-
ict costs on the distracting task (e.g., Naveh-Benjamin et al.
2005; Craik et al. 1996; Fernandes and Moscovitch 2000;
Ciaramelli et al. 2008a). This Wnding indicates that, even
when mandatory, episodic memory retrieval usurps atten-
tional resources from ongoing processes.

The interest in the relation between memory retrieval
and attention has been revived by the recent observation
from electrophysiology (Rugg and Curran 2007) and func-
tional neuroimaging (fMRI; e.g., Wagner et al. 2005) that
the posterior parietal cortex shows consistent retrieval suc-
cess eVects (i.e., larger activity for studied items correctly
identiWed as old compared to new items correctly rejected).
Previous research has shown that the posterior parietal cor-
tex supports distinct attentional systems, which mediate

diVerent attentional processes. According to one prominent
theory (Corbetta and Shulman 2002), the superior parietal
lobe (SPL) allocates top-down attention to speciWc aspects
of the environment, whereas the inferior parietal lobe (IPL)
mediates the bottom-up capture of attention by salient envi-
ronmental stimuli. Thus, the involvement of posterior pari-
etal cortex in memory retrieval not only supports the notion
that attention is needed for episodic memory retrieval, but
also raises the question of whether diVerent attentional sys-
tems would make separate contributions to this process.

We have hypothesized that the SPL and the IPL would
play conceptually analogous roles during perception and
episodic memory retrieval. According to the attention-to-
memory (AtoM) hypothesis (Ciaramelli et al. 2008b;
Cabeza 2008), the SPL is implicated in allocating top-down
attention to memory retrieval during strategic retrieval
tasks, whereas the IPL mediates the automatic, bottom-up
attentional capture by retrieved memory contents. Prelimi-
nary support for this proposal comes from recent reviews of
fMRI studies of recognition memory showing that the SPL
is consistently active when retrieval is eVortful and there-
fore the need for top-down attentional resources is maxi-
mal, e.g., for items endorsed with low versus high
conWdence. In contrast, the IPL is consistently active when
the attentional capture by memory contents is supposedly
maximal, e.g., for salient memories accompanied by con-
textual details versus memories that are merely familiar
(Ciaramelli et al. 2008b; Vilberg and Rugg 2008).

A dual-process conceptualization of the interplay
between attention and memory may account for the behav-
ioral evidence reviewed above. On the one hand, memory
retrieval seems to need top-down attention to be carried on.
This is most apparent when the operations required along
the memory task are strategic, as revealed by the interfer-
ence eVects on memory performance from dividing atten-
tion during retrieval (e.g., Moscovitch 1994; Jacoby et al.
1989). On the other hand, the costs inXicted by the memory
task on the secondary tasks (Naveh-Benjamin et al. 1998;
Ciaramelli et al. 2008a) could reXect the fact that the output
of memory retrieval (whether it was strategic or automatic)
captures attention in a bottom-up fashion.

The aim of the present study was to investigate further the
relation between attention and memory retrieval, focusing on
the bottom-up component of the model. While the interfer-
ence of attentional deprivation on memory performance has
been object of many investigations, no study has thus far
focused on the attentional consequences of memory retrieval
(but see Naveh-Benjamin and Guez 2000). If memory
retrieval captures attention, then it should aVect ongoing
attentional decisions. The decrements observed in the second-
ary task during divided attention manipulations suggest that
this is indeed the case. However, since in previous studies the
secondary task was run continuously throughout the retrieval
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task, the degree to which the to-be-attended items in the sec-
ondary task overlapped with the to-be-recognized items was
not controlled. By the same reasoning, in such studies it is
hard to tell which speciWc aspect of retrieval interfered with
the attentional task (e.g., endorsement of targets, rejection of
distracters), or whether factors modulating retrieval also inXu-
enced its attentional consequences. We designed two experi-
ments using a sequential paradigm to examine the eVect of
automatic memory retrieval on upcoming attentional deci-
sions. The logic behind the experiments is explained below.

Experiment 1

In the Wrst experiment, individuals studied words presented
either on the left or on the right of the screen. After study,
they were represented with the studied words, this time
appearing in the centre of the screen, intermixed with new
words. One-second after the appearance of each word, a dot
was presented on the left or on the right of the screen, and
participants’ task was to respond to its appearance by press-
ing a left or a right key, respectively. If memory contents
are attended automatically, then the mere view of stimuli
originally studied on one side should induce an automatic
shift of attention to that side, thereby facilitating response
to dots appearing on the same (congruent condition) com-
pared to the opposite side (incongruent condition) (see also
Fischer et al. 2003; Tlauka and McKenna 1998; Hommel
2002). To the extent that this facilitation eVect is driven by
subjects’ re-accessing the spatial features of studied items,
we expected it to increase with the degree to which partici-
pants reported having re-experienced the encoding context
at retrieval. That is, the eVect should depend on recollection
rather than familiarity (Tulving 1985; Yonelinas 2002).

Methods

Subjects

Thirty undergraduate students (13 males; age range 18–25,
mean age 19.11 years) from an introductory course at the
University of Toronto received course credit for their par-
ticipation. All participants were right-handed and had nor-
mal or corrected-to-normal vision. Participants gave written
informed consent for the study, which was approved by the
ethics committee of the University of Toronto.

Materials

Ninety-six words (mean frequency 31, SD 34; mean
imagery 4.8, SD 1.2), between 4 and 8 letters long, were
selected from the Kucera and Francis (1967) pool. Forty-

eight words were studied. The other 48 words were not
studied but served as distracters during the “attentional
phase” or during the recognition phase. The assignment of
words to the diVerent task phases was counterbalanced
across participants. The experimental task was created in E-
prime (Schneider et al. 2002). Words appeared in black 20-
point Arial font. Viewing distance was approximately
60 cm.

Procedure

The experimental session was comprised of a study phase,
an “attentional” phase, and a recognition phase. During the
study phase, participants viewed 48 words, 24 appearing on
the left and 24 on the right side of the screen. Each stimulus
was presented for 4 s and followed by a 500-ms blank
screen. Participants were instructed to memorize the words
for a later memory test. Immediately after, participants
underwent the attentional phase. During this phase, the 48
studied words were presented again, one at time, inter-
mixed with 24 new words, in random order. Words
appeared in the centre of the screen. Participants were
instructed to maintain Wxation on the centre of the screen.
One-second after the appearance of each word, a dot (0.5°
in diameter) appeared either on the left or on the right of the
screen. Participants’ task was to respond to the appearance
of the dot, by pressing the “z” key (on the left of the key-
board), with the left index Wnger, if the dot appeared on the
left, and the “/” key (on the right of the keyboard), with the
right index Wnger, if the dot appeared on the right. The
word and the dot stayed on the screen until a response to the
dot occurred, or until 2 s had elapsed. The attentional phase
was designed such that one-third of the dots were preceded
by a word that had been presented, during the study phase,
on the same side as the dot (congruent condition), one-third
of the dots were preceded by a word that had been pre-
sented on the opposite side (incongruent condition), and
one-third of the dots were preceded by a new word (neutral
condition). Figure 1 depicts the diVerent conditions of the
attentional phase.

During the recognition phase, which followed immedi-
ately, participants were presented again with the 48 studied
words, together with 24 new words (diVerent from those
used in the attentional phase), in random sequence. Words
appeared in the centre of the screen. For each word, partici-
pants decided if it was old or new, by using the “1” and “2”
keys. The assignment of response keys to the “old” and
“new” responses was counterbalanced across participants.
Each stimulus stayed on the screen until a response
occurred, or until 3 s had passed. For words classiWed as
“old”, participants were additionally asked to make a deci-
sion about the subjective experience of retrieval (i.e.,
Remember/Know judgement; Tulving 1985). They were
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instructed to classify the endorsed item as “remembered”
(R response) when recognition engendered clear recollec-
tion of the item and the contextual details surrounding it,
and as “known” (K response) if it triggered merely a feeling
of familiarity, without awareness of the context in which it
appeared (Tulving 1985; Gardiner 1988).

Results and discussion

Figure 2 shows reaction times (RTs) for responding to the
dot by side (left, right) and condition (congruent, incongru-
ent, neutral) in the “attentional phase”. As is evident, the
congruent condition is favoured regardless of side, with an
overall advantage for dots appearing in the right visual
Weld. Table 1 shows recognition memory accuracy associ-
ated with R and K responses for words studied on the left
and on the right in the “recognition phase”. Here, no side is
favoured, though R responses were more accurate than K
responses.

Attentional phase

The above impressions were conWrmed by ANOVA on RTs
for responding to the dot, with dot presentation (left vs.
right), and word presentation (left presentation, right pre-
sentation, no presentation) as within-subject factors. The
analysis yielded an eVect of dot presentation [F(1,
29) = 6.15, P < 0.05], such that subjects responded more
quickly to dots presented on the right than on the left (370
vs. 389 ms; P < 0.05), and a signiWcant dot presentation £
word presentation interaction [F(2, 58) = 7.17, P < 0.05].
Post hoc comparisons revealed that subjects responded

more quickly to dots presented on the left preceded by
words that were studied on the left (congruent condition)
compared to words that were studied on the right (incon-
gruent condition; 366 vs. 399 ms; t(29) = ¡2.67; P < 0.05;
see Fig. 2). No diVerence in RTs emerged between the
incongruent and the neutral condition (P > 0.4). Similarly,
RTs were shorter for responding to dots presented on the
right that were preceded by words studied on the right (con-
gruent condition), compared to words studied on the left
(incongruent condition; 344 vs. 382 ms; t(29) = ¡2.93;
P < 0.01; see Fig. 2). Again, no diVerence in RTs emerged
between the incongruent and the neutral condition
(P > 0.4).

Fig. 1 A representation of the “attentional phase”. Letters stand for
words in Experiment 1 and pictures in Experiment 2. Subjects had to
detect a dot appearing on the left or the right side of the screen by press-
ing a left or a right key, respectively. In the congruent condition, the
dot was preceded by a stimulus (A) that had been presented, during the

study phase, on the same side as the dot. In the incongruent condition,
the dot was preceded by a stimulus (B) that had been studied on the
opposite side. In the neutral condition, the dot was preceded by a new
stimulus (N)

Fig. 2 Reaction times for responding to the dot by side (left, right) and
condition (congruent, incongruent, neutral) in Experiment 1. Bars rep-
resent standard errors of the mean
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Accurate trials were ¸98% across conditions. The same
ANOVA conducted on accuracy showed no signiWcant
eVect of dot presentation (P = 0.13), word presentation
(P = 0.79), or dot presentation £ word Presentation interac-
tion (P = 0.34).

Recognition phase

Memory performance was high, and comparable for words
studied on the left and on the right. An ANOVA on accu-
racy scores (hit rates ¡ false-alarm rates), with Memory
response (R vs. K) and word presentation (left vs. right) as
within-subject factors, yielded an eVect of Memory
response [F(2, 29) = 41.11, P < 0.01]: Accuracy associated
with R responses (0.58) was higher than accuracy associ-
ated with K responses (0.21; P < 0.05). No signiWcant eVect
of word presentation (P = 0.06) or word presentation £
memory response interaction emerged (P = 0.55).

Our interest in this section was to investigate whether
participants advantage in responding to dots in the congru-
ent compared to the incongruent condition, i.e., facilitation
eVect, was modulated by the degree to which participants
felt they were re-accessing the items’ study context. The
results showed that this was indeed the case. The facilita-
tion eVect for responding to dots presented on the left corre-
lated with the frequency of R responses to words studied on
the left (rPearson = 0.42, P < 0.05; see Fig. 3). It was not
related to overall hit rates (i.e., collapsed across R and K
responses, P = 0.84), and correlated negatively with the fre-
quency of K responses (rPearson = ¡0.47, P < 0.05; see
Fig. 3). Analogously, the facilitation eVect for responding
to dots presented on the right correlated with the frequency
of R responses to words studied on the right (rPearson = 0.40,
P < 0.05), but not with overall hit rates (P = 0.23), or with
the frequency K responses (rPearson = ¡0.35, P = 0.06).

In summary, the results of this experiment showed that
viewing an item originally studied on one side causes an
automatic shift of attention to that side, facilitating
response to stimuli presented on the same compared to the
opposite side. This memory-driven facilitation eVect corre-
lated with individuals’ subjective impression that they were
re-accessing items’ encoding context, as measured by the
proportion of R responses they gave during recognition. We

note that there was an overall advantage for responding to
dots appearing on the right compared to the left visual Weld.
Possibly, processing words in the attentional phase acti-
vated the left hemisphere, which, in turn, biased attention to
the right hemiWeld (Kinsbourne 1970).

Experiment 2

In the second experiment we investigated whether the rela-
tion between the facilitation eVect and recollective experi-
ence found in Experiment 1 was driven by subjects’
objective remembering of the side where the memory stim-
uli had been studied. Thus, we asked subjects to recall the
spatial location (left vs. right) of recognized items (i.e., source
memory), instead of providing Remember responses.
Though not the main purpose of the experiment, we also
wanted to determine whether the right Weld advantage

Table 1 Recognition accuracy by response type and side of presenta-
tion of words in Experiment 1

Values in parenthesis represent standard errors of the mean

Recognition accuracy

Remember Know Total

Left words 0.60 (0.04) 0.21 (0.04) 0.81 (0.03)

Right words 0.56 (0.04) 0.21 (0.03) 0.77 (0.03)

Fig. 3 Scatterplots of the correlation between the memory-driven
facilitation eVect (i.e., diVerence in RTs for responding to the dot in the
incongruent versus congruent condition) and recollection levels. The
upper panel displays the facilitation eVect for dots presented on the
right and the frequency of remember responses for words studied on
the right. The lower panel displays the facilitation eVect for dots pre-
sented on the left and the frequency of remember responses for words
studied on the left
123



516 Exp Brain Res (2009) 192:511–520
observed in Experiment 1 would be eliminated using pic-
tures as stimuli. Because pictures can be represented ver-
bally and non-verbally (Moscovitch 1979, 1986), there
should be no hemispheric advantage in processing them,
and so no visual Weld advantage should emerge.

Method

Subjects

Thirty undergraduate or graduate students (15 males; age
range 20–28, mean age 22.17 years) of the University of
Toronto, diVerent from those that had participated in Exper-
iment 1, took part in this experiment. Participants were
right-handed and had normal or corrected-to-normal vision.
Participants received course credit or a 10$ compensation.
They gave written informed consent for the study, which
was approved by the ethics committee of the University of
Toronto.

Materials

Three hundred and twenty pictures (mean familiarity 2.45;
range 1–4.75; see Snodgrass and Vanderwart 1980) were
selected. One hundred and sixty pictures were presented at
study whereas the other 160 served as distracters either in
the attentional phase or in the recognition phase. The
assignment of pictures to the diVerent task phases was
counterbalanced across participants. The experimental task
was created in E-Prime. Viewing distance was approxi-
mately 60 cm.

Procedure

As in Experiment 1, the experimental session was com-
prised of a study phase, an “attentional” phase, and a recog-
nition phase. The study phase and the attentional phase
were not conceptually diVerent from those in Experiment 1,
except they used a diVerent type and number of stimuli.
During the study phase, participants viewed 160 pictures,
80 appearing on the left and 80 on the right side of the
screen. Each stimulus was presented for 4 s and followed
by a 500-ms blank screen. Participants were instructed to
memorize the pictures. During the attentional phase, the
160 studied pictures and 80 new pictures appeared one at
time in the centre of the screen. One-second after the pic-
ture’s appearance, a dot appeared either on the left or on the
right of the screen. As in Experiment 1, dots could be pre-
ceded either by a picture that was originally studied on the
same side (congruent condition), or on the opposite side
(incongruent condition), or by a new picture (neutral condi-
tion; see Fig. 1). Again, participants responded to the

appearance of the dot by pressing the “z” and the “/” keys
for dots appearing on the left or on the right, respectively.
The picture and the dot stayed on the screen until a
response to the dot occurred, or until 2 s had elapsed.

The recognition test diVered slightly from that in Experi-
ment 1. Participants viewed the 160 studied pictures
together with 80 new pictures, in random sequence. For
each picture, they decided if it was old or new, by pressing
the “1” or “2” keys. For pictures endorsed as “old”, partici-
pants additionally indicated whether the item at study had
been presented on the left or on the right of the screen.

Results and discussion

Figure 4 shows reaction times (RTs) for responding to the
dot by side of presentation (left vs. right) and condition
(congruent vs. incongruent vs. neutral). As in Experiment
1, there was an advantage in the congruent condition in
both visual Welds, but no overall advantage for one Weld
over the other. Table 2 shows recognition and source mem-
ory accuracy for words presented on the left and on the
right, with no diVerence between Welds.

Attentional phase

The above impressions were conWrmed by ANOVA on RTs
for responding to the dot, with dot presentation (left vs.
right), and Picture presentation (left presentation, right pre-
sentation, no presentation) as within-subject factors. There
was no eVect of dot presentation (P = 0.94) or picture

Fig. 4 Reaction times for responding to the dot by side (left, right) and
condition (congruent, incongruent, neutral) in Experiment 2. Bars rep-
resent standard errors of the mean
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presentation (P = 0.79), but a signiWcant dot presentation £
picture presentation interaction [F(2, 58) = 4.56, P < 0.05].
Post hoc comparisons revealed that subjects responded
more quickly to dots presented on the left preceded by pic-
tures studied on the left (congruent condition) compared to
pictures studied on the right (incongruent condition; 393 vs.
406 ms; t(29) = ¡2.56; P < 0.05). No diVerence in RTs
emerged between the incongruent and the neutral condition
(P > 0.18). As well, RTs were shorter for responding to dots
appearing on the right and preceded by pictures studied on
the right (congruent condition) vs. the left side of the screen
(incongruent condition; 394 vs. 409 ms; t(29) = ¡2.48;
P < 0.01). Again, no diVerence in RTs emerged between the
incongruent and the neutral condition (P > 0.22). Accurate
trials were ¸99% across conditions. The same ANOVA
conducted on accuracy showed no signiWcant eVect of dot
presentation (P = 0.13), picture presentation (P = 0.33), or
dot presentation £ picture presentation interaction
(P = 0.63).

Recognition phase

Recognition and source accuracy were quite high, for both
pictures presented on the left and on the right. Tstudent tests
conWrmed no diVerence either in recognition accuracy
(P = 0.34) or in source accuracy (P = 0.44) between pic-
tures presented on the left and on the right.

In this section we investigated whether the memory-
driven facilitation eVect was related to participants’ objec-
tive memory for the position of the pictures at study. We
therefore analysed separately RTs to dots preceded by pic-
tures whose position had been correctly recalled in the rec-
ognition phase (collapsed across left and right) and RTs to
dots preceded by pictures whose position was not remem-
bered (collapsed across left and right). We excluded from
the analysis 6 subjects who attained a source accuracy
¸0.90, thereby precluding examination of items character-
ized by source retrieval failures. An ANOVA on RTs for
responding to dots, with condition (congruent vs. incongru-
ent) and source accuracy (accurate vs. inaccurate) as
within-subject factors, yielded an eVect of condition [F(1,
23) = 14, P < 0.01], conWrming that subjects responded
more quickly to dots in the congruent compared to the
incongruent condition (P < 0.05), but no eVect of source

accuracy (P = 0.65), or condition £ source accuracy inter-
action (P = 0.63). Indeed, both the facilitation eVect (17 vs.
12 ms), and the relative facilitation eVect, i.e.,
(RTincongruent ¡ RTcongruent)/RTcongruent,were comparable
between the correct and the incorrect source conditions
(0.04 vs. 0.05; P > 0.6 in both cases). Moreover, no correla-
tion emerged between the facilitation eVect and source
accuracy, neither for stimuli presented on the left nor on the
right (P > 0.68 in both cases).

In summary, as in Experiment 1, viewing an item origi-
nally studied on one side biased spatial attention to the
same side. The memory-driven facilitation eVect, however,
was not related to participants’ objective (source) memory
for the side in which pictures were presented at study. As
predicted, no visual Weld advantage emerged in this experi-
ment, consistent with the notion that no hemispheric advan-
tage should exist for processing nameable pictures.

General discussion

In the present study, we examined the attentional conse-
quences of episodic memory retrieval. Subjects were tested
in a choice reaction time task in which they had to press a
right or a left key depending on the position of a dot pre-
sented at random on the left or on the right side of the
screen. In the congruent condition, the dot was preceded by
a stimulus (a word in Experiment 1; a picture in Experiment
2) that had been studied, in a previous phase, on the same
side of the dot. In the incongruent condition, the dot was
preceded by a stimulus that had been studied on the oppo-
site side. In the neutral condition, the dot was preceded by a
new stimulus. In two experiments, we have shown that sub-
jects responded more quickly to the dot in the congruent
compared to the incongruent condition. That is, viewing a
central stimulus that had been studied on the left facilitated
response to dots presented on the left as compared to the
right, whereas the opposite was found for stimuli studied on
the right.

The results of the present study are consistent with the
AtoM model of episodic memory retrieval (Ciaramelli et al.
2008b; Cabeza 2008). We argue that in our task viewing
the central stimuli during the attentional phase triggered the
recovery of the full, contextually-detailed memory for those
stimuli via pattern completion, an hippocampally depen-
dent process by which exposure to a subset of stimuli from
an earlier event causes the reactivation of memory for the
entire event (Norman and O’Reilly 2003; Eichenbaum
2000; Treves 2004). Regions in the IPL oriented attention
to these salient events (Corbetta and Shulman 2002).
Attending to episodic memories with spatial features
clearly caused spatial shifts of attention in subjects, who
beneWted when responding to probes that appeared where

Table 2 Recognition and source accuracy by side of presentation of
pictures in Experiment 2

Values in parenthesis represent standard errors of the mean

Recognition accuracy Source accuracy

Left pictures 0.89 (0.02) 0.79 (0.02)

Right pictures 0.88 (0.02) 0.77 (0.03)
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their attention had been biased by the memory event. Simi-
lar eVects are observed in the semantic memory domain.
For example, perceiving a digit induces attentional shifts to
the region of space that is congruent to the position associ-
ated with that digit on a mental number line (Fischer et al.
2003; Casarotti et al. 2007; Galfano et al. 2006). Interest-
ingly, in our study the memory-driven facilitation eVect
was related to participants’ re-experiencing the study phase,
but not to their ability to recall the side where the memory
stimuli had been studied. This Wnding makes it unlikely that
the eVect was mediated through the assignment of a left–
right code to memory stimuli by the subjects, and subse-
quent deliberate alignment of the attentional spotlight with
the cued location (Posner 1980; Berlucchi et al. 1989).
Rather, it suggests that that the degree to which participants
re-experienced (attended) the contextual details of their
memories modulated their behaviour linearly, consistent
with the AtoM model (Ciaramelli et al. 2008b). There is an
aspect of the results, however, that conXicts with our
model. If retrieval success captures attention, then one
should have observed a worse attentional performance fol-
lowing studied compared to unstudied stimuli. But this did
not happen: Reaction times were comparable to dots pre-
ceded by studied and unstudied stimuli. Possibly, we were
not able to observe retrieval success eVects on attentional
performance because the dot was presented relatively too
late, i.e., 1 s after the presentation of the memory stimulus.
Future studies manipulating the delay between the presen-
tation of the memory stimulus and the dot might capture the
desired eVect.

Our results make contact with previous research show-
ing memory-based spatial compatibility eVects. For exam-
ple, Tlauka and McKenna (1998) asked subjects to study a
real or verbally described map, in which elements were
located on the left or right side. Later, participants carried
out choice responses to those elements, now centrally pre-
sented. Performance was better if the response side corre-
sponded to the original location of the element on the map
than if it did not (see also Chun and Jiang 1998). Similarly,
Hommel (2002) showed that retrieving non-spatial infor-
mation about a previewed object with spatial features facil-
itated responses that spatially corresponded to the object’s
features. Memory contents also inXuence oculomotor
behaviour. Richardson and Spivey (2000), for example, had
participants learn a series of verbal facts presented audito-
rily while an unrelated event was simultaneously visible in
one of the quadrants of the computer screen. When later
queried on each fact, subjects made more eye Wxations
towards the (now empty) region of space where the visual
information had occurred during learning of that fact, com-
pared to other locations. Moreover, diVerences in eye
movement behavior are observed for novel versus
repeated stimuli (Ryan et al. 2000), or intact versus rearranged

backgrounds (Hannula et al. 2007). Overall, these studies
suggest that episodic memory representations contain infor-
mation about the spatial relations among the elements com-
posing the original event. Retrieval of the event entails the
automatic re-activation of its spatial features, which can
aVect attention and action (see Hommel 2002; di Pellegrino
et al. 2005; Ryan et al. 2000). The results also further
strengthen the notion that similar mechanisms underlie
attention shifts across mental products and the external
space (Farah 1989; Savazzi et al. 2008).

A major novel Wnding of the present study is that the
memory-driven facilitation eVect correlated with recollec-
tion levels for studied stimuli, as assessed by the proportion
of Remember responses they attracted. Remember
responses reXect the subjective impression of re-experienc-
ing the event surrounded by its contextual features (Tulving
1985). This Wnding suggests that the ability to inXuence
bottom-up attention is a strong correlate of vividly recol-
lected memories, in line with the AtoM model (Ciaramelli
et al. 2008b). Accordingly, patients with lesions in the IPL,
who show deWcits in detecting relevant contralesional
information (i.e., neglect, Vallar et al. 2003; Corbetta and
Shulman 2002), also provide fewer Remember responses
during memory tasks (Davidson et al. 2008). Like percepts,
memories in parietal patients do not capture attention auto-
matically (i.e., memory neglect; Cabeza et al. 2008), lead-
ing them to report an absence of memory in severe cases
(Berryhill et al. 2007), or diminished recollective experi-
ence when the deWcit is less severe (Davidson et al. 2008).
In contrast, subjects’ memory for the side where words had
been studied (i.e., source memory) did not predict the
impact of memory retrieval on bottom-up attention in our
study, or of eye-movements in Ryan et al’s (2000) study.
This Wnding provides additional support to the notion that
subjective recollection and source memory, although both
reXecting memory for contextual details surrounding an
event, are two diVerent facets of memory, with only the
former having an impact on bottom-up attention. Consis-
tently, IPL regions sensitive to bottom-up attention are
more responsive to recollection than to source memory
(Ciaramelli et al. 2008b). Moreover, patients with lesions in
the IPL, who produce fewer remember responses in mem-
ory task, are normally able to recall source information
(Davidson et al. 2008; Simons et al. 2008).

It is worth noting that we obtained a laterality eVect
favoring the right visual Weld-left hemisphere in Experi-
ment 1 when words were used but not in Experiment 2 in
which nameable pictures were used. Though responses
were only measured to dots, we speculated that it is likely
that words activated the left hemisphere and biased atten-
tion to the right Weld (Kinsbourne 1970), whereas nameable
pictures activated both hemispheres (Moscovitch 1986).
Alternatively, it is possible that the laterality eVect was
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related to left–right scanning for words, as the dot in the
right, but not left visual Weld, appeared in the location com-
patible with the scanning direction.

To conclude, we have shown that episodic memory
retrieval captures attention automatically, and inXuences
the deployment of spatial attention. Moreover, the results
suggest that the degree to which memory and bottom-up
attention interact is a function (or a predictor) of subjective
but not objective indicators of memory strength.
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