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Different  electrophysiological  components  have  been  related  to  facilitation  and  inhibition  of  return.
We  suggest  that  there  is no  single  neural  marker  for  facilitation  and  inhibition  of  return.
Many  variables  (task  set, cue-target  interval,  etc.)  determine  the electrophysiological  modulation  of cueing  effects.
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a  b  s  t  r  a  c  t

Different  electrophysiological  components  have  been  associated  with  behavioural  facilitation  and  inhibi-
tion  of  return  (IOR),  although  there  is no  consensus  about  which  of these  components  are  essential  to  the
mechanism/s  underlying  the  cueing  effects.  Different  spatial  attention  hypotheses  propound  different
roles  for  these  components.  In this  review,  we  try and  describe  these  inconsistencies  by  first  presenting
the  electrophysiological  component  modulations  of exogenous  spatial  attention  as  predicted  by  different
attentional  hypotheses.  We  then  review  and  quantitatively  analyze  data  from  the  existing  electrophys-
iological  studies  trying  to  accommodate  their  findings.  Variables  such  as the  task  at  hand,  the temporal
properties  and  interactions  between  cues  and targets,  the  presence/absence  of  intervening  events,  or
stimuli  arrangement  in the  visual  field,  might  critically  explain  the  discrepancies  between  the  theoret-
ical  predictions  and  the electrophysiological  modulations  that both  facilitation  and  IOR  produce.  We
xogenous orienting
patial attention

conclude  that  there  is  no single  neural  marker  for facilitation  and  IOR  because  the  behavioural  effect  that
is  observed  depends  on  the  contribution  of  several  components:  perceptual  (P1),  late-perceptual  (N1,
Nd),  spatial  selection  (N2pc),  and  decision  processes  (P3). Many  variables  determine  the electrophysi-
ological  modulations  of  different  attentional  orienting  mechanisms,  which  jointly  define  the observed
spatial  cueing  effects.

© 2015  Elsevier  B.V.  All  rights  reserved.
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processing should always be impaired by the very appearance of
the cue when a long enough CTOA is used (after ∼500 ms;  [44]),
no matter the behavioural result that is measured (facilitation
References  .  . . .  . .  .  . . . . .  . .  .  . . .  . . . .  . . .  .  .  . .  .  . . .  . . .  . . .  .  . . .  .  .  . .  .  .  . .  .  . . .  .  . .  .  . 

. Introduction

Exogenous attentional mechanisms bias information processing
n the brain, leading to a bottom-up selective response to salient
r potentially relevant stimuli (see e.g., [28,31]). In the Posnerian
ueing paradigm ([52]; see Ref. [8], for a review), spatially non-
redictive peripheral cues, which trigger exogenous attentional
apture [59], produce two distinct effects on target processing:
1) At short cue-target onset asynchronies (CTOAs; ∼50–300 ms),
eaction times (RTs) are usually faster for targets appearing at the
ame location as the peripheral cue (i.e., cued locations) than for
argets presented at the opposite location (i.e., uncued locations),
eading to a facilitatory effect. (2) At longer CTOAs (after ∼300 ms),
he opposite pattern of results emerges, with slower RTs for tar-
ets appearing at the cued location as compared to the uncued
ocation. This latter effect, initially described by Posner and Cohen
53], is known as Inhibition of Return (IOR; [54]). Giving such an
vocative name to the IOR effect has greatly contributed to the con-
usion between the behavioural effect that is measured (i.e., slower
esponses to targets appearing at cued locations as compared to
ncued locations) and the mechanism/s underlying the effect (see
ef. [15]; for a review). Thus, the IOR terminology clearly reflects the
heory initially proposed to explain the effect: IOR was  theorized to
e the consequence of an impaired ability to return attention to a
reviously attended location (see Ref. [34]; for a review). Although
ther explanations for the IOR effect have been currently consid-
red, such as a detection cost [39] or habituation [14] of attentional
apture to targets presented at a previously cued location (see also
efs. [2,21,41]), the mechanism/s underlying cueing effects still
emains highly debated (see e.g. [40], for a review).

Several researchers have proposed that cueing effects reflect the
odulation of multiples stages of processing (e.g. [2,29,32,39,64]),

lthough no agreement has been reached about which of these
tages of processing (and their associated electrophysiological
omponents) is/are essential to the mechanism/s underlying both
acilitation and IOR.

. Electrophysiological component modulations predicted
y different hypotheses

Many researchers have concentrated their efforts on finding
he electrophysiological markers of facilitation and IOR, although
esults have been contradictory and no single electrophysiological
arker can be unequivocally associated with behavioral facilita-

ion or IOR. Table 1 presents the electrophysiological modulations
ypothesized by the traditionally attentional reorienting hypoth-
sis and two recent attentional–perceptual alternative hypotheses
bout facilitation and IOR. Note that according to Taylor and
lein [64], IOR can generate two mutually exclusive effects: (1)
n attentional/perceptual effect, which occurs when saccadic eye
ovements are not permitted and the oculomotor system is sup-

ressed; and (2) a motor effect, which occurs when saccadic
esponses are required and the oculomotor system is active (see

lso Refs. [25,35]; for reviews). Given that eye movements were
trictly forbidden in most of the previous electrophysiological stud-
es (although see Refs. [61–63]), we decided to focus this review on
ndings related to the attentional/perceptual effect, wherein the
 . . .  . . .  .  . . .  . .  . . . . . . .  .  .  . . . .  .  . .  . . .  . . .  . . . .  .  . . .  .  . .  .  . . .  .  . .  .  .  .  . .  .  . . . . . . . .  .  .  .  .  .  . .  .  .  . . .  9

oculomotor system is actively suppressed. The interested reader is
referred to Refs. [2,14,15,34,39,40], for different theoretical inter-
pretations of the cueing effects, and to Luck et al. [37], for a review
of the electrophysiological components of attention.

The traditional attentional reorienting hypothesis is assumed
by most researchers in the field (see e.g. [34,55,57,62,63,65,68]),
although not necessary by IOR experts, who  greatly differ about
their conception of IOR (see Ref. [15]). According to this hypoth-
esis, three main processes occur during attentional orienting: (1)
An initial attentional orienting to the cued location (most likely
reflected in the P1 and/or N2pc component—posterior contralat-
eral N2); (2) an attentional re-orienting to the fixation point, which
occurs at long enough CTOAs (after ∼300 ms). This attentional re-
orienting might be enhanced or accelerated by the presence of
intervening events between the cue and target1 (see Ref. [44]; for
a review of modulations produced by intervening events) and (3)
an inhibited attentional orienting if the target is presented at the
previously cued location as compared to the uncued location. This
initial orienting and inhibited re-orienting to the target (proposed
to produce both the facilitation and the IOR effect, respectively)
might produce modulations at different stages of processing: per-
ceptual (reflected in the P1 and N1 components), spatial selection
(reflected in the N2pc component), and post-perceptual correlates
of resource allocation and/or decisional processing (reflected in the
Nd-negative difference, and P3 component, respectively; see e.g.
[45]; see Section 3 for a discussion of these components).

Contrary to the traditional attentional reorienting hypothesis,
the attentional–perceptual hypotheses only postulates two pro-
cesses underlying the cueing effects (see e.g. [2,14,23,39]): (1) An
attentional orienting to the cued location (most likely reflected in
the P1 and/or N2pc component); and (2) a habituated attentional
capture or detection cost (depending on the underlying hypothesis;
see Table 1) when the target is presented at the cued location as
compared to the uncued location (reflected in a reduced ampli-
tude of the P1 and/or N1 component for cued as compared to
uncued location trials). Importantly, both attentional–perceptual
hypotheses do not consider attentional re-orienting as a neces-
sary condition to observe the IOR effect (see e.g. [2] for a review;
see also Refs. [6,14]). For example, Berlucchi [2] suggests an inter-
pretation of the IOR effect in sensory terms, where the visual
system response to the target would be reduced by the previous
stimulation at the same spatial location, independently of atten-
tional orienting. The habituation hypothesis ([14]; see also Ref. [2],
for similar assumptions) postulates that the impaired early tar-
get perceptual processing (reflected in the P1 modulation) will
only be measured when IOR is behaviourally observed (assuming
an enhanced perceptual processing when facilitation is observed).
Contrary, the cue-target event integration-segregation hypothesis
([39] for a review; see also Ref. [41]) postulates that perceptual
1 The presence of intervening events favour the appearance of the IOR effect in
some experimental situations in which no IOR would otherwise be observed (see
e.g.  [56,55,44,45]).



E. Martín-Arévalo et al. / Behavioural Brain Research 300 (2016) 1–10 3

Table  1
Predictions made by the different hypotheses concerning the cueing effects on the target-locked components. Reduction: smaller amplitude for cued than uncued location
trials;  enhancement: larger amplitude for cued than uncued location trials.

Hypotheses Effect P1 N1 Nd P3

Attentional:
reorienting hypothesis

Facilitation Enhancement Enhancement Inconsistent predictions* Enhancement
IOR Reduction Reduction Inconsistent predictions* Reduction

Atentional–perceptual:
habituation hypothesis

Facilitation Enhancement No predictions No effects No effects
IOR  Reduction No predictions No effects No effects

Atentional–perceptual: event
integration–segregation hypothesis

Facilitation Reduction Enhancement Enhancement Enhancement
IOR Reduction No effect or reduction No effect or reduction No effect or reduction
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* No agreement among authors.

r IOR). According to this latter hypothesis, the final behavioural
ffect that is observed (facilitation or IOR) depends on other pro-
esses related to further discriminative processing (N1) or spatial
election (N2pc), and other post-perceptual correlates of resource
llocation and/or decisional processes (reflected in the Nd and/or
3 component, respectively). It is proposed that when cue-target
ntegration processes are disrupted (such as when using e.g., long
TOAs, intervening events, very short target durations, or any other
anipulation that emphasizes the need for target detection) there

s always a “detection cost” (measured as a P1 reduction for cued
s compared to uncued location trials) that may  or may  not be
ehaviourally measured as IOR depending on the modulations of

ater-stage processes (N1, N2pc, Nd, and/or P3).

.1. Task set predictions

The nature of the task is perhaps the clearest determinant of the
ime-course of spatial cueing effects [8,42]. However, despite the
verall agreement about the fact that the temporal course of facil-
tation and IOR depends on task-demands (IOR appears at longer
TOAs in discrimination than in detection tasks; see e.g. [7,34,42]),
o such agreement has been reached regarding to the mechanism/s
nderlying this task-based difference.

The traditional attentional reorienting hypothesis has explained
he different time course of cueing effects on the basis of a larger
ttentional capture and, therefore, a later attentional disengage-
ent from cued locations in discrimination tasks than in detection

asks [34]. More attentional resources are supposed to be assigned
o cue processing in discrimination than in detection tasks. This
ntails a greater and longer facilitatory effect (and a later disen-
agement) in discrimination than in detection tasks, which would
e reflected in P1 modulations. However, contrary to this hypoth-
sis, attentional capture and attentional disengagement have been
emonstrated to be different processes: IOR has been consistently
eported with no evidence of previous facilitation, and attentional
isengagement has been demonstrated to be neither necessary nor
ufficient for IOR to be observed [9,41,43,49].

The cue-target event integration–segregation hypothesis makes an
xplicit prediction involving task set (see Ref. [39], for a review).
etection and localization tasks are mainly affected by the con-

ribution of the “detection cost” to performance, which hinders
nset-detection processes. Other tasks, such as discrimination or
o-no go tasks, require the contribution of what is called “spatial
election benefit”, in which the onset of peripheral cues benefit tar-
et discrimination by means of cue-target integration processes.
he presence of the spatial selection benefit could behaviorally
ounteract the detection cost that is always present (and measured
s a P1 reduction for cued as compared to uncued targets) at long
nough CTOA (after ∼500 ms). This hypothesis asumes that at long

nough CTOAs, P1 reductions for cued as compared to uncued loca-
ion trials can be related to behavioural facilitatory effects if other
omponents (N1, Nd, or N2pc) reflect enhancements for cued as
ompared to uncued location trials (which the hypothesis inter-
prets as spatial selection benefits). This hypothesis was tested in
a previous electrophysiological study [45] using a discrimination
task in which the presence/absence of an intervening event pro-
duced opposite effects on RTs: facilitation in the absence of an
intervening event, and IOR when the intervening event was  pre-
sented (see also experiment 2; [44]). Our results demonstrated that
the P1 component was  reduced for cued as compared to uncued tar-
gets both when the intervening event was  present and when it was
absent; therefore, perceptual processing was  impaired indepen-
dently of the behavioural result that was measured: facilitation or
IOR (see Refs. [6,68] for similar results). Moreover, peripheral cues
only modulated later components (namely N1, Nd, and P3) when no
intervening event was presented and facilitation was  behaviourally
observed (see e.g. [27,48,68]; for similar results in some of these
components).

3. Review of previous electrophysiological studies of cueing
effects

A thorough review of the literature unmasks some important
discrepancies between the predictions made by the previously
reviewed hypotheses and the electrophysiological modulations
that both behavioural facilitation and IOR produce. These modu-
lations are shown to depend on many variables such as the task
at hand, the temporal properties of cues and targets, the pres-
ence/absence of intervening events, and stimuli arrangement in the
visual field. All these variables are reviewed below. Table 2 sum-
marizes the results of previous studies showing the modulations
of the most important electrophysiological components associated
with peripheral cueing: P1, N1, Nd, and P3. We  describe below these
modulations for each component, and analyze whether the compo-
nent is essential or not for the observation of the behavioral effect
(facilitation or IOR).

3.1. P1 component

The facilitation effect has been traditionally associated with
a general enhancement of the P1 component for cued as com-
pared to uncued location trials; however, as it can be observed in
Table 2, this enhancement of P1 amplitude is mainly observed at
short CTOAs (<250 ms)  [11,26,27]). After a long enough CTOA (after
∼500 ms), the P1 component is either reduced for cued as compared
to uncued locations or no modulations are observed, even though
the behavioural facilitatory effect might still be observed [6,45]; see
also [68], although facilitation was not significant). This observation
is true for all tasks (see e.g. [6,11,17,26,45,68] although see Ref. [67];
for a significantly enhanced P1 for cued location trials as compared
to uncued location trials at CTOAs longer than 500 ms). Note that
Van der Lubbe et al. [67] reported an unusual behavioural facilita-

tory effect at a long CTOA (940 ms), associated with a significant
enhancement of P1 amplitude. In their experiment, five different
CTOAs (144, 188, 236, 588, and 940 ms), composed of mostly short
CTOAs, were employed in a discrimination task. It is important to
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Table 2
Summary of electrophysiological modulations of the cueing effects in previous electrophysiological studies.

Type  task  Study  Task
characteristics

SOA  (in  ms)  Cue
duration  (in
ms)

Intervening
event

Target  duration
(in ms)

Cueing  Effect
(Uncued–Cued)

P1  N1  Nd*  P3

Detection McDonald  et  al. [48] Exp.  1 500–700  67  Absent  Until  response  −13  Reduction  (called  Nd)  None  Yes  Enhancement
900–1100 67 Absent  Until  response −17 n.s  n.s  None  Enhancement

Exp. 2.  Reduced  sensory
integration  cue-target

100–300  67  Absent  Until  response  6  (n.s)  n.s.  (called  Nd)  None  n.s  n.s
500–700 67  Absent  Until  response  −13  Reduction  n.s  None  n.s

Hopfinger and  Mangun  [27]  Cue:  four  dots  in  each  visual
field (right/left)

34–234 34  Absent  50  8  Enhancement  IIN Not  reported  Enhancement
566–766 34  Absent  50  −14  n.s  Not  reported  Not  reported  n.s

Prime and  Ward  [57]  Stimuli  above/below  fixation  900–1200  200  Always  present  1000  −36  n.s  Reduction  Yes  Not  reported
Wascher and  Tipper  [68]  Exp.1.  Transient  Cue 350  50  Absent  200  −20  Reduction  None  None  Not  reported

900 50  Absent  200  −31  Reduction  n.s  Yes  Not  reported
Exp.2. Sustained  Cue  350  Until  target  offset  Absent  200  1  (n.s)  Reduction  None  None  Not  reported

900 Until  target  offset Absent  200  12  (n.s) Reduction  n.s  Yes  Not  reported
Van der  Lubbe  et  al.  [67] Stimuli  above/below  fixation 588  50  Absent  200  −46 Reduction  n.s  Not  reported Not  reported

940 50  Absent  200  −43  n.s  n.s  Not  reported  Not  reported
Chica and  Lupiáñez  [6] Predictive  Cue  1000  50  Absent  100  0 Reduction  Ipsilateral  Reduction?  Yes?  Reduction  Ipsilateral

Counter-Predictive Cue 1000  50  Absent  100  −44 Reduction  Ipsilateral Reduction?  None  Enhancement
Localization Eimer  [17] Exp.1.  Predictive  Cue  700  200  Absent  100  34  Reduction  (Ipsi)  and

Enhancement  (Contra)
n.s  n.s  None

Exp.2. Nonpredictive  Cue 700  200  Absent  100  0 n.s  n.s  Yes  None
Prime and  Ward  [57] Stimuli  above/below  fixation 900–1200  200  Always  present  1000  −18  Reduction  only  over  PO8  Reduction  Yes  Not  reported
Wascher and  Tipper  [68] 900  50  Absent  200  −24  Reduction  n.s  Yes  Not  reported

2000 50  Absent  200  −14 Reduction  n.s  Yes  Not  reported
Satel et  al.  [63]  Spatiotopic  target  -  upper  visual

field.  Four  boxes  above/below  and
left/right.  Target  response:  eye
movement

1500  300  Always  present
–eye movement

1500  −19  n.s  n.s  Yes  Contralateral  Not  reported

Satel et  al.  [62]  One  block:  central  fixation
throught  the  trials  (cue-ignored
condition)

1200  300  Absent  3000  −21  Reduction
Ipsilateral

Not  reported  Not  reported  Not  reported

Satel et  al.  [61]  Peripheral  cues.  Eye
movement  to  cues  and
manual  localization  response
to targets

900  300  Always  present
– eye  movement

3000  −52  Reduction  Ipsilateral  Reduction
Ipsilateral

Yes
Contralateral

Not  reported

Discrimination Hopfinger and  Mangun  [26]  Cue:  Four  dots  in  each  visual
field (right/left).  Target:  Short
or  tall  vertical  bars

34–234  34  Absent  50  16  Enhancement  None?  Not  reported  Enhancement

566–766 34  Absent  50  −2  (n.s)  Reduction  Enhancement?  Not  reported  n.s
Eimer [17] Exp.1.  Predictive  Cue  700  200  Absent  100  13  n.s  Enhancement  Yes  Reduction

Exp.2. Nonpredictive  Cue 700  200  Absent  100  −2  (n.s)  Reduction  (Ipsilateral)  Enhancement  Yes  Reduction
Prime and  Ward  [56]  Stimuli  above/below  fixation  900–1200  200  Always  present  1000  −21  Reduction  Reduction  Yes  Not  reported
Prime and  Jolicoeur  [55] Stimuli  above/below  fixation 800–1100  200  Present  800  −14  Reduction  Reduction  n.s  Enhancement

800–1100 200  Absent  800  −1  (n.s)  n.s  n.s  Yes  n.s
Doallo et  al.  [11]  Uninformative  peripheral  cue 100  34  Absent  75  43  Enhancement  at

occipital  electrodes
Not  reported  Not  reported  Not  reported

300 34  Absent  75  12  (n.s)  Reduction  Not  reported  Not  reported  Not  reported
500 34  Absent  75  4 (n.s) Reduction  Not  reported  Not  reported  Not  reported
700 34  Absent  75  2 (n.s)  Reduction  Not  reported  Not  reported  Not  reported

Doallo et  al.  [12]  Uninformative  peripheral  cue 100  34  Absent  75  43  Not  reported  Enhancement  at
one  right  temporal
electrode

Not  reported  Not  reported

300 34  Absent  75  12  (n.s)  Not  reported  Enhancement
Ipsilateral

Not  reported  Not  reported

500 34  Absent  75  4 (n.s)  Not  reported  n.s  Not  reported  Not  reported
700 34  Absent  75  2 (n.s)  Not  reported  n.s  Not  reported  Not  reported

Van der  Lubbe  et  al.  [67]  Stimuli  above/below  fixation 588  50  Absent  200  8 (n.s)  n.s  n.s  Not  reported  Not  reported
940 50  Absent  200  19  Enhancement  n.s  Not  reported  Not  reported

Chica and  Lupiáñez  [6]  Predictive  Cue  1000  50  Absent  100  18  Reduction  Ipsilateral  Enhancement?  Not  reported  Reduction  Ipsilateral
Counter-Predictive Cue 1000  50  Absent  100  −27  Reduction  Ipsilateral  None?  Yes?  None

Martín-Arévalo et  al.  [45] 500–700 50  Present  Until  response −11 Reduction  None  None  None
500–700 50  Absent  Until  response  10  Reduction  Enhancement  Yes  Enhancement

Gutiérrez-Domínguez et  al.  [22]  Stimuli  above/below  fixation
– spatial  cueing  effects
averaged  between  visual
fields

2000  100  Always  present  Until  response  −12  Not  reported/None  Reduction  UVF  Yes  LVS  Not  reported/None

Go-no go Prime  and  Ward [57] Stimuli  above/below  fixation 900–1200  200  Always  present  1000  −33  Reduction  Reduction  Yes  Not  reported
Tian and  Yao  [66]  900–1200  50  Absent  200  −28  Reduction  Reduction  Not  reported  Enhancement  for

no go  trials

Reduction: smaller amplitude for cued than uncued location trials; enhancement: larger amplitude for cued than uncued location trials; none: no effect;?: effect observed but not subjected to statistical tests; n.s.: non-significant
effect;  IIN: Ipsilateral Invalid Negativity. Nd: Negative difference; Yes: Nd component present; LVF: lower visual field. UVF: upper visual field. Ipsi: Ipsilateral electrodes; Contra: Contralateral electrodes. Grey background indicates
facilitation effects. The underlined studies are the only ones used for the subsequent correlation analyses (see Section 4).
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ote that the range of CTOAs strongly modulates cueing effects: at
he same CTOA, IOR or facilitation can be behaviourally measured
epending on whether a long or short range of CTOAs is employed
see e.g. [3,49]). Similarly, the task used in Van der Lubbe et al.’s
tudy [67] consisted of discriminating the direction of an up/down
ointing triangle, which could appear either above or below the
xation point, thus leading to a spatial Stroop interference. Inter-

erence tasks have been demonstrated to produce facilitation even
t long CTOAs ([20]; see also in Ref. [38]). Therefore, in Van der
ubbe et al.’s study [67], the short range of CTOAs, and the use of a
patial Stroop task, might be responsible of the unusual facilitation
bserved at such a long CTOA.

As already mentioned, the IOR effect has been widely asso-
iated with a reduction in the amplitude of the P1 component
or cued as compared to uncued locations independently of the
ask at hand (see e.g. [6,45,55,57,61,62,66–68]). Indeed, Satel et al.
62] performed a correlation analysis on the mean IOR scores,
xperiment-by-experiment, and the P1 modulation effects from
9 published experiments (see Ref. [62] Fig. 2). They reported a
lear pattern of P1 reductions for cued as compared to uncued loca-
ion trials associated with increased IOR scores (r = −0.60, p < 0.05,
wo-tailed), akin to what they reported in their own data (r = −0.38,

 < 0.05, one-tailed). Thus, these authors claimed that the P1 modu-
ation is closely associated with the IOR effect when the oculomotor
ystem is suppressed. However, P1 reductions for cued as compared
o uncued location trials have not been reported in other studies
hen IOR was behaviourally observed (see e.g. [22,27,48,57,63]).

he P1 modulation has also been reported in the absence of signifi-
ant IOR effects. For example, Hopfinger and Mangun [26] reported

 significant P1 reduction for cued as compared to uncued loca-
ion trials despite their failure to find a significant IOR effect using

 discrimination task. In a detection task [27], they also showed
 significant IOR effect with no modulation of the P1 component,
oncluding that the IOR effect is dissociable from the P1 modula-
ion.

Differences in task parameters/characteristics could, never-
heless, explain such discrepancies in the previous results. Most
tudies showing the IOR effect without P1 reductions for cued
s compared to uncued location trials have employed a vertical
rrangement of stimuli in the visual field [22,57,63]. IOR has been
ssociated with P1 modulation for cued as compared to uncued
ocation trials on studies employing the most common horizon-
al arrangement of stimuli, where cues and targets appear on each
ide of the fixation point. Note that, as it has been pointed out by
thers (see e.g. [10,22]) different patterns of visual electrophysio-
ogical components could be recorded due to the orientation of the
erebral tissue involved in stimuli processing.

On the other hand, some discrepancies might also come from
nother important variable, CTOA duration. The longest CTOA usu-
lly employed in most of the previous studies has been 1200 ms  (see
able 2). However, Satel et al. [63] and Gutiérrez-Domínguez et al.
22] used a CTOA of 1500 ms  and 2000 ms,  respectively. Both stud-
es reported no significant modulations of P1 for cued as compared
o uncued location trials associated with IOR. In fact, Gutiérrez-
omínguez et al. [22] argued that P1 effects could disappear at

uch long CTOAs. Yet, it is still unknown whether P1 modulations
ssociated with IOR are no longer observed at CTOAs longer than
200–1500 ms.  Target duration might also be an important variable
o consider (see Ref. [44]; for a review of modulations produced by
he target duration). With the exception of Hopfinger and Mangun
27], all previous studies showing no modulations of P1 for cued
s compared to uncued location trials associated with IOR used a

arget duration longer than 1000 ms  or until response [22,48,57,63].

Therefore, stimuli arrangement in the visual field, as well as
ue–target interactions, target duration, and cue–target interval,
ight be responsible of the discrepancies observed among studies
rain Research 300 (2016) 1–10 5

about the P1 modulation for cued as compared to uncued location
trials associated with the IOR effect.

In sum, there is not a definitive correspondence between the
P1 modulation for cued as compared to uncued location trials and
the cueing effect that is measured. Although with some above-
reviewed exceptions ([22,27,57,63]), after a long enough CTOA
(after > 500 ms), the P1 component is reduced for cued as com-
pared to uncued locations no matter the behavioural effect that is
measured (facilitation or IOR; see Table 2).

3.2. N1 component

The N1 component might be enhanced for cued as compared
to uncued location trials in association with facilitatory effects
[12,17,45]. However, this effect has also been reported in the
absence of significant behavioural facilitation [12]; and several
studies reporting significant behavioural facilitation effects have
not subjected this component to statistical tests (see e.g. [6,26], see
Table 2).

Other studies have associated the IOR effect with a reduced
amplitude of the N1 component for cued as compared to uncued
location trials (see e.g. [22,55–57,61,66]), although no modula-
tions of the N1 component have been observed elsewhere (see e.g.
[48,45,63,67,68]). While in the former case (reductions of the N1
component for cued as compared to uncued location trials asso-
ciated with IOR) most studies used either discrimination or go-no
go tasks (although see Refs. [57,61] using detection or localization
tasks), in the latter case (absence of N1 modulations associated with
IOR), detection or localization tasks were used [63,67,68]; although
see Ref. [45], using a discrimination task). Thus, as it can be observed
in Table 2, the N1 component modulation associated with either
facilitation or IOR are not as usual as one could think, and if any, its
observation seems to depend on some variables such as the task at
hand.

More concretely, N1 modulations in detection and localiza-
tion tasks reporting IOR effects have been mainly non-significant,
not shown, or not subjected to statistical tests ([68,6,27,48,62,63]
although see Ref. [57], reporting a significant N1 modulation and
significant IOR effect). In contrast, significant N1 enhancements for
cued as compared to uncued location trials associated with facil-
itation effects have been mainly observed in discrimination tasks
[12,17,45]. Indeed, Eimer [17] reported significant N1 modulations
when a discrimination task was performed (and either significant
facilitation or non-significant IOR were behaviourally observed) as
compared to a localization task, in which the modulations were
not significant. This result is consistent with our previous work
[45], in which significant N1 modulations were only observed when
we found significant behavioural facilitation in a discrimination
task. As shown in Table 2, this modulation of the N1 component
was abolished, however, with the same task and temporal param-
eters, by presenting an intervening event between cue and target,
producing a significant IOR effect.

The exception to the above-reviewed studies concerning task
set is mainly found in some of the Prime and colleagues’ studies
([55–57] although see also Ref. [66]). They demonstrate significant
N1 reductions for cued as compared to uncued location trials asso-
ciated with significant IOR effects in detection, localization (see Ref.
[61] for a similar finding in a localization task), discrimination, and
go-no go tasks. It is noteworthy that the modulations associated
with the N1 component are more likely to be contralateral or bilat-
eral to the target position (see e.g. [6,26,45,48,67,68]). However, in
most of the Prime et al.’s experiments, N1 modulations were asso-

ciated with either the left or right hemisphere, but unrelated to the
target position. Moreover, most of these studies [55–57,61] have
used a long CTOA (>800 ms), a long cue duration (>200 ms), or a
long target duration (between 800 and 3000 ms). Thus, although it
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s still unclear whether different manipulations can give rise to a
ifferent lateralization of the effect, and/or different effects them-
elves, differences in the experimental paradigm could be crucial
or understanding these discrepant results.

In short, it is clear that the existing studies do not provide a
onsistent association between modulations of the N1component
nd the observed behavioural cueing effects, and if any, it seems
ighly dependent of some variables such as the task at hand.

.3. Nd component

The Nd component is defined as a negative difference between
ued and uncued location trials in the time period between
220–300 ms  post-stimulus (see e.g. [17,57]). Despite being
resent in most experiments, no matter the task at hand or the
ehavioural effect that is measured (facilitation or IOR), there is no
greement between studies about its topography, interpretation,
nd/or underlying mechanisms (see Table 2).

Some authors have reported a modulation of this component
ssociated with facilitation effects at midline electrodes [16]. It
as been related with selection or enhanced sensory processing

or cued as compared to uncued location trials (see e.g. [16,17] see
lso Ref. [45], for similar finding and interpretations). Wascher and
ipper [68] also associated this component, observed at parietal
lectrodes, with facilitatory process that might be compensating
or earlier perceptual inhibition at cued as compared to uncued
ocation trials.

In contrast, other studies have related the Nd compo-
ent with inhibitory effects at occipital electrodes (see e.g.
22,48,55–57,61,63]), potentially reflecting an association with the
OR effect [63]. In fact, in recent studies, Satel and colleagues have
ried to determinate whether this component might be the more
eliable electrophysiological correlate/marker of manual IOR after
accadic responses to the cue ([61]; see also Ref. [63]).

Inspection of Table 2 clearly reveals that with the available data,
t is not safe to draw firm conclusions about this component, requir-
ng more consistent additional research. For example, Prime and
olicoeur [55] reported modulations of the Nd component but, in
ontrast to previous results [57], the Nd modulation was only sig-
ificant when no intervening event was presented between the cue
nd target, and the IOR effect was not observed. Based on their own
ata, as well as in the results reported by Wascher and Tipper [68],
herein the Nd effect varied inversely with the magnitude of the

OR effect, these authors argued that it is likely that the processes
nderlying the Nd component are not directly involved in generat-

ng the IOR effect. Likewise, Prime and Ward [57] did not directly
elate the processes underlying the Nd component with the IOR
ffect.

McDonald et al. ([48]; experiment 2) also reported significant
ehavioural IOR associated with an absence of modulations of the
d component. They suggested that peripheral cues sometimes
ppear to reduce the amplitude of the P1 component for cued as
ompared to uncued location trials and some other times appear
o lead to a cued-uncued difference (which they called Nd) that
asts longer than the P1 component (see also Ref. [57]). Moreover,
utiérrez-Domínguez et al. [22] also showed a Nd modulation that
epended on the visual field (only observed in the lower visual
eld). These authors interpreted this component as an N2-like
ffect, reflecting the re-focusing of spatial attention to previously
nhibited locations.

Thus, taken all this evidence together, and given the variabil-

ty of results and the different interpretations attributed to this
omponent, we reckon it might be risky to consider the Nd compo-
ent as the only electrophysiological correlate of the behaviourally
bserved facilitation or IOR effects.
rain Research 300 (2016) 1–10

3.4. P3 component

Although the P3 component is thought to reflect processes
involved in stimulus evaluation, being usually considered as an
index of the neural processing associated with task-relevant infor-
mation [50,51], most previous studies have not tested modulations
of this component neither associated with significant facilitation
[17,67] nor IOR ([22,56,57,61,63,68]; see Table 2). Moreover, while a
few studies have reported a facilitation effect associated with a sig-
nificant P3 enhancement for cued as compared to uncued location
trials [26,27,45], others have reported facilitation associated with
significant P3 reductions for cued as compared to uncued location
trials [6,17]. Significant IOR has been also reported in association
with P3 enhancements for cued as compared to uncued location tri-
als ([48], experiment 1; [55], although very often no modulations
have been reported [6,27,45]; see Table 2).

Therefore, although some studies have reported P3 modulations
for cued as compared to uncued location trials associated with
either facilitation or IOR, this finding has not been consistently
reported in the previous literature, and further research should
be carried out before assuming strong conclusions about the P3
component and its link with cueing effects.

3.5. N2pc component

The N2pc component refers to an enhanced negativity, between
180 and 350 ms  after stimulus onset, contralateral to the visual field
where the target is presented as compared to the ipsilateral visual
field (see Ref. [18], for a review). Although the N2pc is becoming
an increasingly popular component for the investigation of atten-
tional processes (see e.g. [18,19,24,33,36,46,69,70]), to the best of
our knowledge, only a few electrophysiological studies have been
published to date reporting N2pc modulations in relation to cueing
effects (see Table 3). The N2pc has not traditionally been analyzed in
Posner-like tasks because the component was thought to be depen-
dent on the presence of distractors [18,36]. Thus, the component
has been generally interpreted as the electrophysiological marker
of the distractor-suppression (see Ref. [18] for a review; see also
[36,69]).

However, beyond the long-lasting debate regarding the
distractor-suppression vs. target-enhancement interpretation of
the N2pc (see Ref. [18] for a review), the component has been
recently related to the selection of task-relevant stimuli rather than
to the inhibition of surrounding distracters (see e.g. [30,33,46]). As
it can be observed in Table 1, the analysis of this component might
be helpful to prove or refute attentional vs. perceptual hypotheses
about IOR. While the attentional reorienting hypothesis presumes
that spatial attentional selection will always be impaired at the
cued location as compared to the uncued location (reflected in
N2pc modulations), the attentional–perceptual hypotheses do not
make such prediction. According to the later hypothesis, the most
relevant process underlying the IOR effect is the perceptual impair-
ment at cued locations as compared to uncued locations (reflected
in the P1 component modulation for cued as compared to uncued
location trials, and associated with a detection cost – according to
the cue-target event integration-segregation hypothesis – [39]; or to
an habituated response – according to the habituation hypothesis –
[14]; see also Ref. [2], for a review).

Inspection of Table 3 reveals that the facilitation effect has been
related to a N2pc enhancement for cued as compared to uncued
location trials [45], while IOR has been related to a N2pc reduction
or delay for cued as compared to uncued location trials [45,47,71].

This finding suggests that the inhibitory process/es underlying
the IOR effect might impair the probability of target selection at
recently attended locations. Indeed, to the extent of our knowl-
edge, the component has been significantly reported in localization
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[71], visual search [47], and/or discrimination tasks [45]. In all these
tasks, target spatial selection is a necessary process for correct
performance. Thus, this might be consistent with Eimer and Kiss’
study [19] in which participants reported either the orientation of a
uniquely colored target bar among other bars (a condition in which
spatial selection is needed) or reported the orientation of target bars
presented without other bars (a condition in which spatial selec-
tion is not needed). In the former case, they observed a cue-induced
N2pc component while in the latter case they did not. Nevertheless,
it is worth considering that the N2pc component, although unre-
lated to cueing effects, has also been observed in detection tasks
(see e.g. [33,46]).

In short, the N2pc is the only component reflecting opposite and
significant modulations in clear correlation with the behavioural
effect that is measured (facilitation or IOR). Nevertheless, based on
the small amount of data associating the N2pc component with
cueing effects, strong conclusions thereon should be made with
caution and further research should be carried out.

4. Correlation analyses

In order to quantitatively assess the relationship between the
behavioural cueing effect and its associated electrophysiological
modulation, we conducted a Pearson correlation analysis on the
mean experiment-by-experiment behavioural cueing effect scores
and the electrophysiological modulation of each target-locked
component. We  analyzed all the studies that have reported these
values (i.e., P1, N1, Nd, and P3—we found no available data for
N2pc). It is important to note that the correlation analyses of this
section were only performed from studies that reported numeri-
cal values rather than from all existing studies in the literature (for
example, absence of numerical values from [6,17,45,66,68]).

As can be observed in Fig. 1A, the analysis of the P1 modula-
tion from the 23 published experiments from 10 published papers
[11,26,27,55–57,61–63,67] revealed a significant negative correla-
tion (r = −0.75; p < 0.05; two-tailed) between the cueing effect and
the P1 modulation, suggesting that the larger the IOR effect, the
larger the P1 reduction for cued as compared to uncued location
trials (see Satel et al. [62], for a similar analysis and results). When
we performed this correlation analysis by task, we  only observed a
significant negative correlation for discrimination tasks (r = −0.71;
p < 0.05; two-tailed; see also Fig. 1A; for detection and localization
tasks, both ps > 0.05—no available data for go-no go tasks).

As can be observed in Fig. 1A, the correlation seems to be driven
by the opposition between experiments showing facilitation and a
larger P1 for cued as compared to uncued locations trials, and those
showing IOR and a reduced P1 for cued as compared to uncued loca-
tions trials. Given that all but one experiment [27] with detection or
localization tasks show behavioural IOR (and a reduced P1 for cued
as compared to uncued locations trials) no correlation might be
observed for these tasks. In fact, for discrimination tasks, no signif-
icant correlation is observed either if only the experiments showing
IOR are considered. Note that the different number of available
studies for each task (namely, 11 vs. 7 and 4, for discrimination,
detection and localization tasks, respectively) could also have an
influence on this correlation analysis by task.

Fig. 1A demonstrates that reduced P1 for cued as compared
to uncued locations trials seems to be a necessary condition to
observe IOR, as all experiments reporting significant behavioural
IOR showed a decrease in P1 amplitude (there is only one exception,
[55] but demonstrating statistically null effects: a non-significant
−1 ms  cueing effect and a non-significant larger P1 for cued as com-

pared to uncued locations trials). Nevertheless, P1 reduction might
not be sufficient, as other factors might also have an influence, as
some studies – unfortunately some of those not included in this
correlation analysis – have shown facilitation instead of IOR even
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11,26,27,55–57,61–63,67]; (B) N1 cueing effects of 19 published experiments from
epresents significant effects (p < 0.05; two-tailed). Dashed lines in each graph indic

hen a reduction in P1 for cued as compared to uncued location
rials is observed (see e.g. [6,45,68]; see Table 2).

The analysis of the N1 modulation from the 19 published
xperiments from 8 published papers [12,48,55–57,61,63,67] also
evealed a significant negative correlation (r = −0.52; p < 0.05;
wo-tailed) between the cueing effect and the N1 modulation,
howing that the larger the N1 reduction for cued as compared
o uncued location trials, the larger the IOR effect (see Fig. 1B).
one of the correlations separately performed for each task reached

ignificance (all ps > 0.05). However, it is noteworthy that, as pre-
iously mentioned, N1 modulations in detection and localization
asks reporting IOR effects have been mainly not reported or
on-significant [6,27,48,62,63,68], which could be skewing this
orrelation analysis by task.

Finally, neither the analysis of the Nd modulation from
he 11 published experiments from 7 published papers
22,48,55–57,61,63], nor the analysis of the P3 modulation
rom the 10 published experiments from 4 published papers
26,27,48,55] revealed significant correlations (all ps > 0.05).

Thus, replicating previous findings (see Ref. [62]), P1 mod-
lations were found to be associated with cueing effects, but
his relationship was only present in discrimination tasks, and
isappeared when only experiments reporting IOR effects were
onsidered. It is well known that, especially in discrimination task,
he nature and size of the observed cueing effects highly depend
n the CTOA, and other variables such as the temporal properties
f cues and targets, or the presence/absence of intervening events.
herefore, the P1 modulation might index the process that is highly
ependent on the task at hand, CTOA, and other factors, with posi-
ive modulations of P1 (increased amplitude for cued as compared
o uncued location trials) when facilitation is observed (i.e., discrim-
nation tasks, short CTOAs, long target durations, etc.) and negative

odulations of P1 (reduced amplitude for cued as compared to
ncued location trials) when IOR is observed (i.e., detection tasks,

ong CTOAs, short target durations, etc.). However, it is important
o highlight that although the P1 reduction for cued as compared to
ncued location trials seems to be a necessary condition to observe

OR, it is not sufficient, as P1 was not the only component associated
ith IOR: N1 also showed a (smaller) negative correlation with the

ehavioural effect that is measured. These results strengthen our
onclusion that there is no single neural marker for facilitation and

OR because the net behavioural effect that is observed depends on
he contribution of perceptual (P1), but also late-perceptual (N1)
omponents. Although the existing studies do not allow for a sig-
ificant quantitative analysis, many of the reviewed variables such
1 cueing effects of 23 published experiments from 10 published papers
lished papers [12,48,55–57,61,63,67]. Cueing effect: uncued-cued location trials. *
e trendline.

as the task at hand, or the properties of the cues and targets, might
determine the contribution of other components such as the Nd,
N2pc, or P3.

5. Concluding remarks

Inspection of the Table 1, which summarizes the electro-
physiological modulations hypothesized by both the traditionally
dominant attentional reorienting and attentional-perceptual
hypotheses, seems to indicate that the P1 component might be the
crucial component to prove or refute the different hypotheses pro-
posed to explain cueing effects. However, as previously noted (see
also Ref. Martín-Arévalo et al. [45]), it is safe to conclude that, even
if there is a significant correlation between P1 modulation and cue-
ing effects, this component cannot be considered as the only neural
marker underlying the cueing effect (facilitation or IOR).

On the one hand, this correlation might support the traditional
idea that the reduction of P1 for cued as compared to uncued loca-
tion trials is a direct electrophysiological measure of IOR, as IOR is
observed when P1 is reduced for cued as compared to uncued loca-
tion trials, and facilitation is observed when P1 is enhanced for cued
as compared to uncued location trials. Thus, in detection and local-
ization tasks, P1 is reduced for cued as compared to uncued location
trials in most if not all cases, and IOR is usually observed. In discrim-
ination tasks, however, facilitation is observed in some conditions
together with an enhanced P1 for cued as compared to uncued loca-
tion trials (such as short CTOAs, long cue/target durations, etc.), and
IOR is observed in other conditions together with a reduced P1 for
cued as compared to uncued location trials (such as long CTOAs,
short cue/target durations, or by presenting an intervening event).
Nevertheless, as stated above, this correlation might also be inter-
preted as showing that a P1 reduction for cued as compared to
uncued location trials is a necessary but not sufficient condition to
observe IOR.

It is worth noting that this correlation analysis was not
performed from all existing studies in the literature (namely,
absence of numerical values of the P1 modulation from Refs.
[6,12,17,45,66,68]), which could skew the conclusions if we only
rely on this type of analysis. Unfortunately, some of these studies
might be critical to test whether the P1 reduction for cued as com-
pared to uncued location trials might be not only necessary but also

sufficient to behaviourally observe IOR.

Thus, with only one exception (Van der Lubbe et al. [67]), a key
qualitative observation is that after a long enough CTOA (>500 ms),
the P1 component is either reduced for cued as compared to
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ncued locations or no significant modulations are reported (see
.g. [6,11,17,22,26,27,48,57,63]). The critical point here is that those
1 reductions for cued as compared to uncued location trials can
e present no matter whether the observed behavioural result is
ositive (i.e., facilitation) or negative (i.e., IOR) (see e.g. [6,45]; see
lso Ref. [68], although facilitation was not significant; see Table 2).
his finding is difficult to accommodate by the traditional atten-
ional reorienting hypothesis (see Ref. [34] for a review) and the
abituation hypothesis [14].

Nevertheless, it could be consistent with the cue-target event
ntegration-segregation hypothesis (see Ref. [39] for a review),

hich postulates that target perceptual processing (as reflected by
1 modulations) does not reflect the behavioural IOR effect, but
ne of the mechanisms underlying the effect, the detection cost.
ccording to this view, the detection cost (which could be likely

ndexed by P1 reductions for cued as compared to uncued location
rials) would be negatively contributing to the cueing effect that
s observed. Other mechanisms, however, triggered by the periph-
ral cue, might positively contribute to cueing effects. Thus, the net
ehavioural effect that is observed (either facilitation or IOR) should
lso depend on the contribution of other late-perceptual (N1, Nd),
patial selection (N2pc), and decision processes components (P3).
he fact that both P1 and N1 component modulations correlated
ith IOR scores supports this claim.

Our review highlights the N2pc component as an important
arker to understand the mechanism/s underlying the cueing

ffects even though there is little evidence to date. Further research
s strongly encouraged in order to shed light on this long-lasting
ebate.

To recapitulate, the present paper provides a thorough
ualitative and quantitative review of the electrophysiological
odulations predicted by the main hypotheses about cueing effects

facilitation and IOR) and the most important electrophysiologi-
al studies. We  have discussed important discrepancies between
he theoretical predictions and the electrophysiological modula-
ions that both facilitation and IOR produce by considering their
oundary conditions, and we have analyzed the contribution of
ifferent components (P1, N1, Nd, P3, and N2pc) to the behavioral
ffect (facilitation or IOR). We  conclude that, although P1 reduc-
ions for cued as compared to uncued location trials seem to be

 necessary condition to observe IOR, there is no single neural
arker for facilitation and IOR because many variables determine

he electrophysiological modulations of the different mechanisms
f attentional orienting (P1, N1, Nd, N2pc, and P3), which jointly
efine the spatial cueing effect that is observed. The mechanisms
nderlying spatial attentional effects – still debated by different
patial attention hypotheses – may  be refined by incorporating
hese new findings.

. Considerations and future directions

Most of the previous electrophysiological studies have reported
easures of brain activity related to target processing, while elec-

rophysiological modulations associated with cue processing have
ot been considered. To the best of our knowledge, only a few
ublished papers have recently considered cue-related activations
uring the time interval between cue and target onset in the con-
ext of exogenous attention [4,5,65]. Tian et al. [65] is the only one
pecifically exploring facilitation and IOR in a cue-target paradigm.
hey report a complex pattern of cue-locked modulations (namely,
1, early P1, and early Nc2 modulations associated with facilita-
ion, and Nc, P3, PL1, and PL2 modulations associated with IOR).

n order to properly address the electrophysiological correlates of
patial attentional effects, electrophysiological activity locked to
he appearance of the cue should also be explored in further studies
o advance knowledge.

[

[

rain Research 300 (2016) 1–10 9

Moreover, given that the main limitation of electrophysiologi-
cal measures such as ERPs relates to its low spatial resolution, null
results (absence of modulations) should not be taken as an unequiv-
ocal indication of its absence, hence the importance of combining
both quantitative and qualitative analyses. Thus, it might be pos-
sible that the behavioural IOR that is measured in detection tasks
(especially when using very short target durations) comes from an
earlier activity in subcortical structures such as the superior collicu-
lus (SC), which critically contribute to IOR [1,13,58,60] in concert
with other cortical structures [13].

Finally, we strongly emphasize that cross-study comparisons
should be done with caution because previous electrophysiologi-
cal studies significantly differed in their experimental parameters.
The modulations of most electrophysiological components have
been shown to depend on many variables such as the task at hand,
the temporal properties of cues and targets, the presence/absence
of intervening events, and stimuli arrangement in the visual field.
Future systematic research will have to clarify how the combina-
tion of these variables modulates spatial attentional effects, while
establishing their neural correlates. More research is also strongly
encouraged concerning the N2pc component, which seems to be
the only one reflecting opposite and significant modulations in clear
correlation with facilitation and IOR.
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