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Introduction

Episodic memory (EM) is defined as the long-term memory 
system storing information that can be retrieved along with 
details of the spatio-temporal context and the circumstances 
of the original events (source memory), and with a subjec-
tive feeling of remembering (Tulving 2002). Thus, EM con-
cerns the recollection of factual information (what), along 
with its association with specific contextual features (e.g., 
spatial and temporal). The process of creating a unified event 
linking these different features is known as binding. We will 
employ throughout the manuscript the term binding to refer 
to the process of linking an item with its contextual infor-
mation, and not to the binding of different features (e.g., 
colour, shape) of the item. Moreover, we will use the term 
of multiple binding for the association of factual informa-
tion with multiple contextual sources, and that of source 
memory for the association of factual information with a 
unique contextual source.

While binding represents a core feature of EM, and 
is even considered a distinctive feature of the feeling of 
remembering (Meiser et al. 2008), the crucial question of 
what determines the bound of information during encoding 
is still unsolved. This process has been classically attributed 
to the hippocampus and other medial temporal structures 
(Davachi 2006; Ranganath 2010; Staresina and Davachi 
2008; van den Honert et al. 2017). Nevertheless, converging 
lines of evidence suggest a pivotal role of frontal lobe based 
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cognitive functions, such as executive functions and atten-
tion, in efficiently formed novel items-context associations 
(Dulas and Duarte 2014; Janowsky et al. 1989; Ranganath 
2010).

The contribution of attentional process to EM encoding 
is not a novel idea, and can be traced back to the depth of 
processing theory proposed by Craik and Lockhart (1972) 
stating that the quality of the memory trace depends on the 
depth of the elaboration of the information at encoding. 
Deeper elaborative processes at encoding would require 
adequate attentional resources. This proposal has been sus-
tained by studies showing that divided attention at encoding 
produces a decline of memory performance (e.g., Anderson 
et al. 2000; Naveh-Benjamin et al. 2003).

An influential model of attention proposes a distinction 
between three sub-systems: the alerting, orienting and con-
flict resolution (Posner and Petersen 1990). These networks 
can be characterized at the behavioural, neuronal and neuro-
chemical level (Fan et al. 2002, 2005). The alerting system 
correspond to the ability to increase vigilance toward an 
incoming stimulus, the orienting to the capacity of selecting 
information among multiple sensory inputs and spatial loca-
tions, and the conflict resolution or executive component to 
the ability to resolve conflict or allocate limited attentional 
resources between competing stimuli. Fan et al. (2002) pro-
posed a single task, the Attentional Network Test (ANT), 
allowing testing the efficiency of these three systems. They 
reported that these attentional sub-components are partially 
independent, but that they also interact in some circum-
stances (Fan et al. 2009). These results have been further 
supported by neuroimaging studies reporting separated, but 
also overlapping, brain activations (Fan et al. 2005).

Existing studies suggest that the engagement of the alert-
ing or the orienting network modulate EM encoding. For 
example, it has been shown that predictable items at encod-
ing, likely representing a form of alerting mechanism, were 
better remembered than unpredictable ones (Summerfield 
and Mangels 2006). Concerning the orienting system, it has 
been shown that items preceded by a valid spatial cue are 
better remembered compared to items preceded by an inva-
lid one (Turk-Browne et al. 2013; Uncapher et al. 2011). 
Findings concerning the executive or conflict resolution 
component of attention are more controversial. Rosner et al. 
(2015) reported a better memory for items presented in a 
conflict condition. These data are coherent with a previous 
neuroimaging study employing a modified Stroop task in 
which, during encoding, subjects had to indicate the sex of 
faces in a congruent (the sex of the presented face and the 
superimposed word indicating the sex were congruent), an 
incongruent condition (the sex of the presented face and 
the superimposed word indicating the sex were incongru-
ent), or a neutral condition (the face were accompanied be 
the word “house”). At the behavioural level, the authors 

reported a classic Stroop effect, that is slower reaction times 
for incongruent versus congruent trials, that was, neverthe-
less, accompanied by a higher rate of recognition for stimuli 
presented in the incongruent condition. Nevertheless, two 
recent studies reported opposite results (Chiu and Egner 
2015a, b). Chiu and Egner (2015a) presented pictures of 
faces in a go/no-go protocol. Briefly, participants were 
instructed to press a button (go) when they saw a male face, 
and to avoid responding (no-go) when a female face was pre-
sented (or vice versa). They reported that pictures presented 
in the no-go condition were less recognised in a subsequent 
surprise memory test. The authors interpreted these results 
as a competition of resources between response inhibition 
and memory encoding. Moreover, they tried to reconcile 
their results with the aforementioned findings (Krebs et al. 
2013; Rosner et al. 2015) suggesting that conflict resolu-
tion in the Stroop-like task could boost the allocation of 
attentional resources toward the stimulus, thus, enhancing 
encoding. On the other hand, response inhibition in the 
no-go condition would draw attentional resources, resulting 
in an opposite effect on memory encoding.

The role of attentional processes in the fostering the 
relational aspect of EM encoding (binding) has deserved 
less interest. Some studies reported that divided attention 
affects more source than item memory (Troyer et al. 1999), 
while others found that item and source memory (Kilb and 
Naveh-Benjamin 2007) were equally hindered. In a previ-
ous cited work (Uncapher et al. 2011), the authors reported 
that memory for spatial location of items was more accurate 
for items presented in the valid cued condition. In another 
study, Uncapher and Rugg (2008) selectively directed the 
attentional focus of attention toward two alternative contex-
tual features (location or colour of presented images). They 
found that source memory was increased for the feature that 
was attended during encoding. Their neuroimaging findings 
showed a subsequent source memory effect (greater activ-
ity for correct versus incorrect source memory) in the hip-
pocampus, independently of the type of source. Additionally, 
feature-specific subsequent source memory effect was found 
in the striate cortex for colour and superior parietal cortex 
for location. These data are coherent with the hypothesis 
that selective attention could bias the cortical processing 
of a sub-set of contextual information in specific cortical 
structures that can then be bound by the hippocampus.

To date, there is no study directly assessing the inter-
play between each attentional sub-system and the encoding 
of different features of EM in the same task. Moreover, 
given the central role of binding in EM, it is surprising 
the paucity of research investigating the contribution of 
attention to this process. The aim of our study was to fill 
this gap. Based on the aforementioned findings, we made 
the hypothesis that alerting and orienting should improve 
item memory encoding due to a top–down attentional 
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recruitment, compared to condition in which there is no 
warning signals. Concerning conflict resolution, two alter-
native hypotheses could be made. On the one hand, accord-
ing to Krebs et al. (2013) and Rosner et al. 2015, we could 
expect that item presented in the incongruent condition 
would be better remembered. On the other hand, in line 
with the inhibition-induced forgetting hypothesis proposed 
by Chiu and Egner (2015a, b), the opposite prediction 
can be made. A possible interaction between top–down 
attentional allocation and the executive component could 
be observed. Indeed, Fan et al. (2009) showed that alert 
elicited a greater conflict effect, while orienting facilitated 
conflict resolution. We could, thus, expect that alerting and 
orienting cues could magnify or attenuate, respectively, 
the effect of the executive component on memory encod-
ing. For the source memory and multiple binding we made 
the hypothesis that both processes would be facilitated by 
conditions eliciting top–down attentional engagement as 
alerting and orienting (Uncapher et al. 2011). Concerning 
the effect of the executive component on source memory 
and multiple binding, our study is more exploratory, since 
there is no other work investigating this aspect.

To test our hypothesis, we developed a new task, the 
Attentional Network Episodic encoding Task (ANET), that 
consists of an incidental memory task (using pictures of 
everyday life objects) in which the activation of the three 
attentional networks is elicited by the experimental manipu-
lation similar to those employed in the Attentional Network 
Test (Fan et al. 2002).

Materials and methods

Subjects

Thirty young healthy participants (17 women, mean age 
22.8 ± 3.4 years) were recruited at the Institute of Psychol-
ogy of the University Paris Descartes. All participants pre-
liminary signed an informed written consent in accordance 
with the declaration of Helsinki.

Protocol

General organization of the task

The present task is a combination of the ANT (Fan et al. 
2002) with an episodic memory incidental encoding task. 
Visual stimuli were presented in three attentional Cuing 
conditions: no cue (NC), double cue (DC), and a spatial cue 
(SC); and could be either congruent (CON) or incongruent 
(INC). Cuing condition and congruency were orthogonally 
manipulated, giving rise to six experimental conditions: 
NC_ CON, NC_ INC, DC_ CON, DC_ INC, SC_CON, 

SC_ INC. In each trial, the stimulus consisted of the same 
pictures repeated five times, with one central target and four 
lateral distractors (two on each side). In the congruent condi-
tion all pictures composing the stimulus pointed in the same 
direction (left or right), while in the incongruent condition 
the lateral distractors pointed in the opposite direction with 
respect to the central target. We selected 72 pictures from the 
Behavioural Pattern Separation—Object Version (BPS-O) 
database (Stark et al. 2013). Pictures were selected for hav-
ing a non-ambiguous orientation. 48 pictures were presented 
during the encoding phase, and the remaining 24 pictures 
were presented, along with the 48 old pictures, during the 
recognition test. The assignment of pictures to each experi-
mental condition during the encoding phase was counterbal-
anced across subjects.

Encoding phase

At the beginning of each trial, a screen with a central fixation 
cross and two empty rectangular box positioned over and 
above the fixation cross was presented. After a random vari-
able interval ranging between 2000 and 5000 ms (in steps of 
250 ms) a cue was presented for 100 ms. The cue consisted 
in a change of the colour (red) of the boxes. In the DC condi-
tion both boxes turned to red, in the SC condition only one 
of the boxes changed to red, and in the NC none of the boxes 
changed to red. After a fixed interval of 400 ms, a stimu-
lus, either congruent or incongruent, appeared in one of the 
boxes and remained visible for a fixed duration of 1000 ms. 
After the SC condition the stimulus always appeared in the 
cued position. The presentation of the experimental con-
ditions as well the position of stimuli (half of the stimuli 
appeared in the upper box and half in the lower box) was 
randomised within subjects.

The task of the participants was to indicate, as fast as 
possible, the direction (left or right) of the central picture 
(target), trying to be as accurate as possible. The maximum 
time allowed to give a response was fixed to 1500 ms. After 
this interval, or after the subjects’ response (not before the 
fixed 1 s duration of items presentation), a new trial started. 
For a schematic representation of the experimental protocol 
see Fig. 1.

Recognition test

Following a brief distracting task, counting backward by 7 
starting form 100 for 30 s, a surprise recognition test was 
presented. During the recognition phase, the 48 previously 
presented pictures, along with 24 new pictures, were pre-
sented at the centre of the screen. Subjects were asked to 
indicate if they were sure to have seen the pictures during 
the encoding phase (SURE), if they were not sure having 
seen the picture (MAYBE), or if the picture had not been 
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presented (NO). If participants answered SURE, two source 
memory questions were presented: (1) in which position 
(spatial source) the picture was presented (top or bottom 
box) and (2) in which condition (condition source) the pic-
ture was presented (congruent or incongruent) (Fig. 1). The 
presentation of the pictures was randomised, and the timing 
of presentation was self-paced, depending on the subjects’ 
responses.

Presentation of the stimuli and recording of data were 
automatically accomplished using PsychoPy© (Peirce 
2007).

Data analysis

Encoding reaction times

Reaction times (RTs) inferior to 100 ms and for incorrect 
responses were removed from further analyses. RTs were 
then log transformed to approach a normal distribution. We 
then computed, for each subject, the mean of RTs for each 
experimental condition. These scores were submitted to a 
3 Cue × 2 Congruency rANOVA. We also computed the 

efficiency of the three Attentional Networks as described in 
previous studies (e.g., Sperduti et al. 2016). For the alerting 
network (ALE) we subtracted reaction time in the DC from 
that in the NC condition. For the orienting network (ORI) 
we subtracted reaction time in the SC from that in the DC 
condition. For the executive network (EXE) we subtracted 
reaction time in the CON from that in the INC condition. 
These scores were separately submitted to one-sample t test 
comparing the score against 0. This analysis was run as 
a control measure to verify that our task actually elicited 
behavioural costs and benefits expected in the different atten-
tional conditions. Moreover, we run, across subjects, corre-
lations between the scores of the three networks to confirm 
their independence.

Memory performances

We first computed signal detection theory indexes to assess 
the global recognition performances of our participants, 
separately for the two confidence responses (SURE and 
MAYBE). In particular we calculated the non-parametric 
index of discriminability (A’). This index was preferred 
since it is not dependent on assumptions about the distri-
bution of signal and noise, and is not sensitive to extreme 
values of Hit and False alarms rates [Stanislaw and Todorov 
(1999); for the R code employed for computing this index 
see Pallier (2002)]. These scores were submitted to sepa-
rate one-sample t tests comparing them against 0.5 (chance 
level for recognition performance using the A’ index). Then 
the A’ was compared between the two confidence responses 
employing a two-tailed paired t test. Since we were inter-
ested in correct episodic responses and we asked source 
memory questions only after SURE answers, we further 
analysed only high-confidence responses (SURE) associated 
to correct recognition. Moreover, only items correspond-
ing to correct responses during the encoding phase were 
considered in computing memory scores. Error rates for 
each experimental condition are reported in Supplementary 
Table 1. For each experimental condition, we computed the 
following scores: (1) the ratio of correct recognition (Hit) 
as the proportion of SURE responses given the item was old 
and the subject gave a correct response during encoding; 
(2) the ratio of correct spatial source (Spatial) as the num-
ber of items followed by a correct spatial source response 
divided by the number of Hit; (3) the ratio of correct condi-
tion source (Condition) as the number of items followed by 
a correct condition source response divided by the number 
of Hit; (4) the ratio of multiple binding (binding) as the 
number of items followed by a correct spatial source and 
a correct condition source divided by the number of Hit. 
These scores were submitted to a 3 Cue × 2 Congruency 
rANOVA. We exploratory run correlation analyses, across 
subjects, between the scores of the three attentional networks 

Fig. 1   Schematic representation of the protocol. In the red box, the 
time course of the events in one trial during the encoding phase. Here 
is represented a trial with a spatial cue. In the black box, an example 
of an incongruent stimulus is presented. For clarity of representation, 
only two lateral distractors are shown, the real stimulus comprised 
four distractors. In the green box, the sequence of events during the 
recognition phase is illustrated. If the subjects responded SURE at the 
question “Did you see this object?”, they were prompted to indicate 
the condition source, and the spatial source
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and the different memory scores (Hit, Spatial, Condition 
and Binding) in each experimental condition. This analy-
sis did not reveal any significant correlation. Thus, we only 
reported results in supplementary material (Supplementary 
Table 2). Finally, to exclude the possibility that any differ-
ences in memory performances could be linked to prolonged 
processing time as expressed in longer RTs, we computed a 
logistic regression to predict the probability for an item to be 
remembered or forgotten (coded as a binary factor). We only 
run this analysis on the Hit, Condition and Binding scores, 
since we did not report any significant effect on the Spatial 
score (see “Results” section). We entered RT as continu-
ous predictor, and participants and items as random factors. 
Effect sizes are reported with partial eta squared (ηP

2). All 
statistical analyses were performed using R (R Development 
Core Team 2008). Logistic regression was run using the lm4 
package (Bates et al. 2014).

Results

Encoding reaction times

The 3 Cue × 2 Congruency rANOVA revealed a significant 
main effect of Cue [F(2, 58) = 28.92, p < .001, ηP

2 = .16). 
Post hoc comparisons (Tukey adjusted p values) showed that 
all differences were significant. In particular, NC was associ-
ated with slower RTs compared to DC et SC (p = .04 and 
p < .001, respectively), and DC with slower RTs compared 
to SC (p < .001). We also found a significant main effect of 
Congruency [F(1, 29) = 19.45, p < .001, ηP

2 = .06], with INC 
condition associated with slower RTs compared to CON. 
The interaction between the two factors was not significant 
[F(2, 58) = .87, p = .42, ηP

2 = .004]. A graphical representa-
tion of the results is reported in Fig. 2.

The t  tests showed that the scores for each atten-
tional network were significantly different from 0: ALE 
(mean .03 ± .06, t(29) = 2.94, p = .006); ORI (mean .07  
±  .07, t(29) = 5.48, p <  .001); EXE (mean .05 ±  .07, 
t(29) = 4.41, p < .001). These results confirm that our 
attentional manipulation was efficient. Moreover, the 
analysis of correlation demonstrates no significant corre-
lation between the three networks: ALE-ORI (r = −0.21, 
p  =  .98); ALE-EXE (r  =  −0.14, p  =  .46); ORI-EXE 
(r = 0.21, p = 0.25). These results support the independ-
ence of the three attentional networks.

Memory performances

One-sample t test on the A’ showed that participants’ 
recognition responses significantly differed from chance 
level when they gave SURE answers [mean .84 ±  .08, 
t(29) = 23.29, p < .001], but not when they gave MAYBE 

answer [mean .47 ± .16, t(29) = −.93, p = .36]. Moreover, 
the A’ was significantly greater for SURE compared to 
MAYBE responses [t(29) = 10.04, p < .001].

The ANOVA on Hit revealed a trend toward a signifi-
cant effect of the Congruency [F(1,29) = 3.90, p = .05, 
ηP

2 = 0.015] that was further characterised by a significant 
interaction between Cue and Congruency [F(2,58) = 3.66, 
p  =  .028, ηP

2  =  0.027]. Post hoc comparisons (Tukey 
adjusted p values) showed that the only significant dif-
ference was between the CON (.70 ± .23) and the INC 
(.55 ± .29) conditions in the NC condition (p = .04). The 
main effect of the Cue [F(2,58) = .18, p = .83, ηP

2 = 0.001] 
was not significant (Fig. 3a).

The ANOVA on the Spatial score did not reveal 
any significant effect: main effect of the Congruency 
[F(1,29) = 1.03, p = .31, ηP

2 = 0.004], main effect of the 
Cue [F(2,58) =  .17, p =  .83, ηP

2 = 0.002], interaction 
between Cue and Congruency [F(2,58) = .16, p = .85, 
ηP

2 = 0.002]. See Fig. 3b.
The same analysis on the Condition score revealed a 

significant main effect of Congruency [F(1, 29) = 9.74, 
p  =  .002, ηP

2  =  .05]. The Condition score was higher 
for item in the CON (.68 ±  .28) compared to the INC 
(.54  ±  .33) condition. The main effect of Cue [F(2, 
58) = 1.03, p = .36, ηP

2 = .01] and the interaction [F(2, 
58) = .11, p = .90, ηP

2 = .001] between Congruency and 
Cue were not significant (Fig. 3c).

The same analysis on the Binding score revealed a signifi-
cant main effect of Congruency [F(1, 29) = 11.22, p = .001, 
ηP

2 = .05]. The Binding score was higher for item in the CON 
(.48 ± .29) compared to the INC (.34 ± .31) condition. The 
main effect of Cue [F(2, 58) = .61, p = .54, ηP

2 = .005] and 
the interaction [F(2,58) = .45, p = .64, ηP

2 = .005] between 
Congruency and Cue were not significant (Fig. 3d).

The logistic regression showed that RTs were not a sig-
nificant predictor for Hit [β = .28, 95% CI (−.51, 1.07), 

Fig. 2   Reaction times in each of the six difference experimental con-
ditions. White and black bars represent the congruent and the incon-
gruent condition, respectively. Error bars represent standard error 
mean (SEM)
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p = .49], Condition [β = −.38, 95% CI (−1.23, .46), p = .37] 
or Binding [β = −.08, 95% CI (−.92, .77), p = .86].

Discussion

In the present work we developed a new task to investigate 
the interaction between the recruitment of different atten-
tional networks and the encoding of items and their context 
(source memory and multiple binding), a core feature of 
episodic memory. We manipulated the engagement of each 
network during encoding of pictures using the experimental 
design inspired by the Attentional Network Test (Fan et al. 
2002). The analysis of reaction times confirmed that our 
experimental manipulation was effective in producing the 
expected costs and benefits in the speed of responses accord-
ing to the different cueing conditions and type of stimuli 
(congruent or incongruent). These findings suggest that our 
task effectively recruited different attentional components 
previously described in the literature (Fan et al. 2002, 2005).

Contrary to our hypothesis, and to previous reports 
(Summerfield and Mangels 2006; Uncapher et al. 2011), 
we did not find a memory benefit for items encoded in the 

cued conditions, which were expected to engage top–down 
attentional processes, compared with items encoded in the 
absence of cue, and that were expected to engage more bot-
tom–up attentional capture. Nevertheless, while we used an 
incidental encoding task, Summerfield and Mangels (2006) 
employed a voluntary encoding. Moreover, they used verbal 
material, while we employed pictures. These methodologi-
cal differences could, thus, account for the divergent results. 
Moreover, subjects in our study were actively engaged in a 
speed reaction time task that could had induced a high tonic 
state of vigilance that possibly overrun the effect of phasic 
alerting and could be sufficient in promoting items encoding. 
This interpretation is sustained by studies showing a partial 
overlap between brain regions engaged in tonic and phasic 
alerting (for a review see Posner 2008).

Concerning Uncapher et al. (2011)’s study, they reported 
that encoding pictures in a spatial invalid cued condition 
(producing a bottom–up attentional reorienting) negatively 
impact later recognition, compared to items encoded in a 
valid cue condition. Their results are more likely due to a 
cost of attentional reorienting in the invalid cue condition. 
It should be noted that in our study attentional reorienting 
processes were never at stake, and that our no cue condition, 

Fig. 3   Memory performances. a Interaction between the cuing con-
dition and the congruency on the correct responses (Hit ratio); b Spa-
tial source ratio in the difference experimental conditions; c Condi-
tion source ratio in the difference experimental conditions; d Binding 

ratio in the different experimental conditions. White and black bars 
represent the congruent and the incongruent condition, respectively. 
Error bars represent standard error mean (SEM)
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that was thought to elicit bottom–up attentional processes, is 
substantially different from Uncapher et al. (2011)’s study. 
These findings are coherent with the frequent observation 
that the benefits, in terms of stimulus processing, of valid 
cues are smaller than the cost of invalid cues (Fan et al. 
2009). Thus, it is possible that the benefit of stimulus pro-
cessing elicited by the valid cue in our task were not effec-
tive in producing a memory improvement. On the contrary, 
the cost of invalid cues in the Uncapher et al. (2011)’s work 
succeeded in hindering memory formation. Thus, our results 
are not necessarily incompatible with this previous work and 
aid in disentangling the role of different sub-components of 
attentional orienting in memory encoding.

We found that incongruent items that were not preceded 
by a cue in the encoding phase had a lower probability of 
being recognised. These results seem coherent with the 
hypothesis of the inhibition-induced forgetting recently 
proposed by Chiu and Egner (2015a, b), and contradict the 
encoding advantage for items presented in a conflict condi-
tion reported in some previous studies (Krebs et al. 2013; 
Rosner et al. 2015). It has to be noted that the latter two 
studies employed a conflict condition (Stroop-like) that was 
quite different from the present research (flanker). While 
the Stroop and the Flanker tasks are both thought to elicit 
conflict resolution, they could engage different processes, 
namely inhibition of prepotent responses and inhibition of 
irrelevant distractors, respectively. The two processes are 
underpinned by overlapping, but partially separable, cortical 
networks (Nee et al. 2007), they are differently affected by 
experimental manipulation (Chajut et al. 2009), and they can 
independently be altered in pathological conditions (Adams 
and Jarrold 2012; Sanderson and Allen 2013). Moreover, 
there are other lines of evidence suggesting that congru-
ent information (Staresina et al. 2009), or stimuli presented 
with no distractors (Park et al. 2014), could enhance mem-
ory encoding. The novel finding is that the modulation on 
memory encoding of conflict resolution seems evident only 
when top–down attentional resources could not be recruited. 
It is possible that preparatory engagement of attentional 
resources by a warning signal could lighten the cognitive 
effort to inhibit the processing of irrelevant distractors, 
and, in turn, leave more attentional resources available for 
memory encoding. This interpretation is obviously difficult 
to sustain with only behavioural results. Thus, further neu-
roimaging studies could shed light on this issue.

Concerning source memory, the previously cited studies 
(Park et al. 2014; Staresina et al. 2009) showed an advantage of 
the congruent condition, not only for items memory, but also 
for source memory. This is in line with our results. Indeed, we 
showed that source memory was better for pictures presented 
in the congruent, compared to the incongruent condition. This 

was true for the condition source, but not for the spatial source. 
One possible explanation could be that the condition (congru-
ent, incongruent), contrary to the spatial position (up, down), 
was a behaviourally salient feature of the task. This proposal 
would be in accordance with Uncapher and Rugg (2008)’s 
results showing that source memory is selectively modu-
lated for stimulus’ features that are attended during encod-
ing. Moreover, we showed that multiple binding (association 
between spatial and condition sources) was better for pictures 
presented in the congruent, compared to the incongruent con-
dition. These data suggest, according to Staresina et al. (2009), 
that congruency could elicit multiple binding encoding. Neu-
roimaging studies have reported greater activity during the 
incongruent condition in the flanker task in several regions 
including the anterior cingulate cortex (ACC), the dorsolateral 
prefrontal cortex (DLPFC), the superior parietal cortex, and 
the cerebellum (e.g., Casey et al. 2000). Interestingly, some 
of these regions are thought to be the source of top–down 
control signals that would modulate activity of sensory areas 
responsible for processing different pieces of information dur-
ing associative encoding (Summerfield et al. 2006). Thus, our 
results are probably due to a competition of these top–down 
control resources, between inhibiting the processing of irrel-
evant information (the distractors in our task), and selecting 
the relevant features to bind together to form a new episodic 
trace. This hypothesis could be further explored employing 
neuroimaging techniques.

Conclusion

We proposed here a new task to investigate the interaction 
between attentional processes and episodic memory encod-
ing. Our data suggest that, when full attentional resources 
are available, a tonic alerting state could be sufficient in pro-
moting item encoding processes, but that conflict resolution 
could hinder item encoding when anticipatory top–down 
attentional processes, due to the lack of a warning signal, 
are not at stake. Moreover, we showed that resolving conflict 
could hinder contextual encoding, especially multiple bind-
ing. This result is apparently in contrast with some previ-
ous reports showing that conflict resolution has a negative 
impact on the task at hand, but a positive one on subsequent 
memory. Nevertheless, tasks that differently manipulate 
interference, such as Stroop-like and flanker-like tasks, could 
possibly have dissociable effects on memory encoding. This 
topic merits further investigations. Our data are of potential 
interest in explaining episodic memory encoding difficulties 
in different populations, in particular in elderly, in which the 
ability to effectively ignore irrelevant information has been 
shown to be directly linked with memory impairment (Gaz-
zaley and D’Esposito 2007).
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