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When a cueing procedure that usually triggers inhibition of return (IOR) effects is combined with tasks that tap
semantic processing, or involve response-based conflict, an inhibitory tagging (IT) emerges that disrupts re-
sponses to stimuli at inhibited locations. IT seems to involve the executive prefrontal cortex, mainly the left
dorsolateral prefrontal cortex (DLPFC), in cognitive conflict tasks. Contrary to other inhibitory effects, IT has
been observed with rather short intervals, concretely when the stimulus onset asynchrony (SOA) between the
prime presented at the cued location, and the subsequent target is 250 ms. Here we asked whether IT is also
applied to ongoing emotional processing, and whether the left DLPFC plays a causal role in IT using HD-tDCS. In
two experiments with an emotional conflict task, we observed reduced conflict effects, the signature of IT, when
the prime word was presented at the cued location, and once again when the prime-target SOA was just 250 ms.
Also, the IT effect was eliminated when cathodal stimulation was applied to the left DLPFC. These findings
suggest that the IT effect involves areas of the executive attention network and cooperates with IOR to favor

attentional allocation to novel unexplored objects/locations, irrespective of their emotional content.

1. Introduction

We routinely perform different visual search behaviors that have
been optimized through a long evolutionary process. To guarantee
success in the resolution of these visual search tasks, our cognitive sys-
tem activates some processes that bias our attention towards locations
not previously inspected. The inhibition of return (IOR), originally
described by Posner and Cohen (1984), is one of them.

The IOR has been mostly studied through a cue-target paradigm,
showing a cost (greater reaction time, RT) when the target appears at the
previously cued location compared to when it appears at the uncued
location. In addition, for this effect to manifest two other conditions
must be met: the time elapsed between the appearance of the cue and the
target (stimulus onset asynchrony, SOA) should be greater than 300 ms,
and the peripheral cue should not provide information about the loca-
tion of the forthcoming target (see Klein, 2000 for a review).

Aside the long-lasting debate about the processes/mechanisms
involved in IOR, with different researchers supporting different accounts

of the effect (see Dukewich and Klein, 2015 for a survey among experts
in the IOR field), Fuentes and collaborators claimed that ongoing pro-
cessing of stimuli at locations subject to IOR is strikingly modulated. By
using a cueing procedure that usually triggers IOR effects, combined
with tasks that measure typical semantic priming or interference effects
(e.g. the Stroop task), we could compare processing of stimuli in a
control uncued condition with processing in an inhibited cued location.
For instance, Fuentes et al. (1999; see also Vivas et al., 2007) combined
the cuing procedure with semantic priming (Experiments 1 and 2) and
flanker (Experiments 3 and 4) tasks in order to determine how the
processing of stimuli was affected at the cued location. Whereas for
stimuli presented at the uncued location the typical semantic priming
and flanker interference effects were observed, for stimuli at the cued
location semantically related stimuli and congruent flankers yielded
longer RTs than semantically unrelated and incongruent ones. In order
to illustrate how IT works, Fuentes and co-workers argued that the
meaning of the prime word was preserved when presented at the cued
location, but any response associated with the prime semantic category
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would be affected by IT. If the forthcoming target, which is also located
at the same location of the prime, is a semantically related target word,
response will be affected, as such response has already been “tagged”
with inhibition. Fuentes and collaborators extended the disruptive
processing of stimuli at the cued location to other conflict paradigms
such as the Stroop task (Vivas and Fuentes, 2001). In the Stroop study,
the interference effect was not reversed but significantly reduced when
stimuli were presented at the cued location compared to when they were
presented at the uncued location. The authors proposed that IOR gen-
erates an inhibitory tagging (IT) that disrupts responses to stimuli at the
inhibited location, producing the aforementioned distortion in the
typical effects.

Caution is needed here to differentiate what we call “inhibitory
tagging”, affecting the access to the response system of stimuli presented
at cued locations, from the reference to “inhibitory tags” to spatial lo-
cations that has been proposed by some authors to account for the IOR
effect (Sapir et al., 2004; Van Koningsbruggen et al., 2009). Given the
similarity in terminology and the fact that IT is assumed to emerge in
cueing procedures that usually produce IOR effects, Fuentes and
co-workers claimed that IOR and IT are two distinct, dissociable,
inhibitory effects. Evidence for such dissociation comes from neuro-
imaging research (Chen et al., 2006; Zhang et al., 2012), neuropsycho-
logical studies with brain-damaged (Vivas et al., 2003) and psychiatric
patients (Fuentes et al., 2000), and normal aging (Langley et al., 2005).
Regarding IOR, neuroimaging and patient studies show a bulk of evi-
dence that involves the superior colliculus (Berger and Henik, 2000;
Sapir et al., 1999), and areas of the dorsal frontoparietal network in the
generation of spatial-based IOR (Bartolomeo et al., 2001; Bourgeois
et al., 2013; Chen et al., 2010; Dorris et al., 2002; Van Koningsbruggen
et al., 2009; Mayer et al., 2004; Ro et al., 2003; Sapir et al., 2004; Vivas
et al.,, 2003, 2006; Vivas et al., 2019). Regarding IT, frontal areas,
mainly the left dorsolateral prefrontal cortex (DLPFC), have been
implicated in the generation of IT (Chen et al., 2006; Zhang et al., 2012).

Dissociation between IOR and IT is also supported by the different
time course of both effects at both the neural and the behavioural levels.
For instance, in studies that used event-related potentials (ERP), early
components such as P1 and N1 have been associated with IOR whereas
late components such as N450 have been associated with IT (Zhang
et al., 2012). Behaviourally, the IOR effect is apparent with rather long
cue-target intervals when discrimination tasks are used (see Lupianez
et al., 1997). The IT effect manifests just when the target follows the
prime by a short SOA. With longer SOAs the IOR effect is still present
(Langley et al., 2007) whereas the IT effect vanishes away after a
prime-target SOA of 250 ms. (Fuentes et al., 1999; Vivas and Fuentes,
2001).

The present study is concerned with IT rather than IOR. To date the
different studies concerned with IT have been conducted using cognitive
tasks where semantic processing is involved (e.g. Chen et al., 2006;
Fuentes et al., 1999; Vivas and Fuentes, 2001). Importantly, although
cognitive and affective processes can be dissociated, there is much evi-
dence that they interact (see Pessoa, 2008). Neuroimaging studies have
revealed that both types of processing share a set of common areas
including the prefrontal cortex, as well as a common conflict-monitoring
system located in the anterior cingulate cortex (Egner et al., 2007; Etkin
et al., 2011; Kerns et al., 2004). Therefore, as it happens with cognitive
conflict tasks, it is reasonable to assume that IT affects also ongoing
emotional processing. Recently, Zhao et al. (2017) conducted a study in
which they combined a task of emotional conflict with an IOR proced-
ure. In their study they used stimuli in which a male or female face
appeared with an emotional expression (relevant dimension) positive or
negative. Embedded in the face appeared a word (irrelevant dimension)
congruent or incongruent either with the sex of the face (the cognitive
task), or with the emotional expression of it (the emotional task). In the
cognitive task the participants responded to the sex of the face, while in
the emotional task they responded to the emotional expression of the
face. The behavioural data showed similar effects between the task of
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emotional conflict and the task of cognitive conflict, that is, the con-
gruency effect was reduced when the target was presented at the cued
location compared to the uncued location, a result that the authors
attributed to IT. In addition, the N450 component of the ERPs, tradi-
tionally associated with conflict processing, was absent for both types of
tasks at the cued location, but not at the uncued location. These results
suggest that IT has a similar influence on the control of cognitive and
emotional processing.

In the present study, we modified the experimental procedure used
by Zhao et al. (2017) with the objective of exploring the temporal course
of IT with a task of emotional conflict. The experiments used the
face-word Stroop task similar to that of Egner et al. (2007), which
generates an emotional conflict (see Fig. 1). An emotional prime word
was followed by a target face showing an emotional expression
congruent or incongruent with the word. We manipulated the interval
between onset of the prime word and onset of the target face (the
prime-target SOA) in order to study the temporal course of IT in ongoing
emotional processing. In previous studies with semantic priming
(Fuentes et al., 1999) or Stroop-like tasks (Vivas and Fuentes, 2001) we
explored a set of prime-target SOAs where 250 ms was the shortest one.
The typical effect (semantic priming, Stroop interference) was altered at
the 250 ms SOA and restored with longer SOAs. In Experiment 1, we
used a set of prime-target SOAs where 250 ms was a midway value. If IT
is blind to the type of stimuli being processed, as Zhao et al. (2017)
suggest, we hypothesized that the emotional conflict effect will be
reduced at the 250 ms SOA as in previous studies. However, due to the
relevance of emotional stimuli for our survival, it might be possible that
differences in the time course of the IT effect can emerge when
emotion-based conflict is employed. Briefly, in the first experiment we
aimed to determine whether 250 ms SOA is also the interval where IT
operates in controlling emotional conflict. In addition, by including
prime-target SOAs shorter than 250 ms, we aimed also to determine
whether 250 ms is the end point of a short temporal window where IT
works, or it is just the crucial temporal interval where the effect is
observed.

Experiment 2 replicated the basic design of Experiment 1 but used
high-definition transcranial direct current stimulation (HD-tDCS) when
participants performed the task. The HD-tDCS is a form of non-invasive
brain stimulation capable of modulating cortical excitability through the
depolarization of the membrane in the neurons (anodal) or producing a
cortical inhibition by hyperpolarization (cathodal) (Paulus, 2011). In
Experiment 2, we inhibited the activity of the left DLPFC by cathodal
high-definition transcranial direct current stimulation (HD-tDCS). That
technique has been thought to allow establishing causal-effect re-
lationships between brain structures and cognitive processes (Yavari
et al., 2018). Here we aimed to find a causal relationship that involves
the DLPFC in the effect of IT on emotional conflict as well. In a previous
study with a color-word Stroop task, Chen et al. (2006) observed that the
left DLPFC showed higher neuronal activity levels at the cued location,
compared to the uncued location, establishing a relationship between
that brain area and IT on cognitive conflict. In addition, previous studies
that tested patients diagnosed with schizophrenia (Fuentes et al., 2000),
or used ERPs (Zhang et al., 2012) pointed to areas of the frontal lobe as
the ones involved in the IT effect. However, these previous studies do not
allow us to establish a causal relationship attributed to the activation of
the DLPFC in the IT effect.

According to the results of previous studies, we hypothesized that,
around the 250 ms prime-target SOA, the suppression of the left DLPFC
via cathodal HD-tDCS will make the IT effect (conflict reduction at the
cued location) disappear. However, IT is expected to manifest in the
control group that receives sham stimulation.

In summary, we aimed to further our understanding of IT occurring
in an IOR procedure by addressing three important research questions.
First, does IT occur also when people process emotion laden stimuli
presented at locations subject to IOR? (Experiment 1). Second, does the
prime-target interval of 250 ms depict the end point of a short temporal
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Fig. 1. Sequence of events and exposition duration of the stimuli. In Experiment 2 only the 50 and 100 ms intervals (200 and 250 ms SOAs, respectively) were used.

window where the IT effect works? (Experiment 1). Third, do the frontal
areas, specifically the left DLPFC, play a key role in the generation of IT?
(Experiment 2).

2. Methods
2.1. Participants

A group of 21 (17 females, mean age = 20.9 years; SD =3.3) and a
different group of 29 (19 females; mean age = 20.7; SD = 1.9) students
of the University of Murcia took part in Experiments 1 and 2, respec-
tively, in exchange for course credits. All participants reported normal or
corrected-to-normal vision. Participants from Experiment 2 performed a
previous screening with the HD-tDCS exclusion criteria (e.g. pregnancy,
epilepsy, medication, use of pacemakers). The study was approved by
the Ethics Committee of the University of Murcia and conformed with
the Declaration of Helsinki for human research. Written informed con-
sent was obtained from all participants.

2.2. Stimuli and procedure

We used two different images of a man’s face selected from the
NimStim Set of Facial Expressions (see Tottenham et al., 2009) with an
expression of happiness (20_M_HA_O) or anger (20_M_AN_O) that served
as the target stimulus. The objective of the task was to respond according
to the happy or anger expression of the face. The Spanish words
“ALEGRIA" (HAPPINESS) or “ENFADO” (ANGER) served as the prime
words. They were followed by the target face, which could depict with

equal probability a congruent (“ANGER” - angry face, “HAPPINESS” -
happy face) or incongruent (“HAPPINESS” - angry face, “ANGER” -
happy face) emotional expression with the prime word. The pictures
subtended a visual angle of approximately 4.4° x 5.7°, and the words a
visual angle of 4.4° x 0.9°, with a distance to the screen of 65 cm. The
experiment was programmed with the E-Prime 3.0 software (Schneider
et al., 2002). The stimuli were presented on a 22" TFT monitor, with
1920 x 1080 and 60 Hz resolution and the responses were collected
through a Chronos® response box. The background color of the screen
was white with stimuli in black.

The participants performed the experiment individually in sound-
proof booths. Participants had to determine if the presented face
expressed happiness or anger, by pressing keys 1 or 5 of the response
box. The assignment of the keys to each of the two responses was
counterbalanced across participants. The order of presentation of the
trials in each block was determined randomly. In Experiment 1 there
were three blocks of 128 trials each, with a short rest period between
blocks. All participants completed 10 practice trials with feedback
before the experimental trials, during which no feedback was presented.
The procedure for each trial was as follows (Fig. 1). Each trial began
with the presentation of a fixation cross in the center of the screen with
two boxes on the sides for 2000 ms. Then, a cue (oval shape) appeared
inside the left or right box (50% each), for 200 ms. After an interval of
50 ms, during which the fixation cross was displayed, the fixation cross
was replaced by a black square (50 ms), and again the fixation cross
appeared for 500 ms, followed by the prime word consisting of the
words “HAPPINESS” or “ANGER”. The prime word appeared with equal
probability either in the same position as the cue (the cued location), or
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in the opposite position (the uncued location), during 150 ms. Subse-
quently, a cross fixation was presented in intervals of 0, 50, 100 or
150 ms, (corresponding to SOAs 150, 200, 250 and 300 ms, respectively)
(Experiment 1). Next, the target face appeared always in the same po-
sition as the prime word and remained visible for 150 ms. Finally, a cross
screen was presented until the response of the participants, and a new
trial began. Note that the current procedure does not allow us to mea-
sure directly IOR effects because the emotional prime word did not
require any response. However, the standard procedure used in the
current experiments, in terms of the sequence and timing of events, has
consistently yielded significant IOR effects in previous work in our lab
(see Fuentes et al., 1999; Experiments 3 and 4), and in the IOR literature
in general. Thus, we assumed that any effects observed at the cued
location were due to this location being subject to IOR.

The stimuli and the procedure in Experiment 2 were identical to
those of Experiment 1, except that only the 200 and 250 ms SOAs were
used. That is, the SOA in which we observed a modulation of the
emotional conflict effect by IT (250 ms) in Experiment 1, and other in
which such modulation was not observed (200 ms). In total, the task was
composed of 4 blocks with 128 trials per block. Previously, a block with
10 practice trials with feedback was presented. From the beginning of
the practice block the tDCS stimulation was applied for a total duration
of 20 min, a shorter duration than the one required for the participants
to complete the task (32 min in average). Each participant was randomly
assigned to one of the two conditions of brain stimulation: cathodal (14)
or sham (15).

2.3. HD-tDCS protocol

We used a StarStim® wireless neurostimulator system (Neuro-
electrics, Barcelona, Spain) in a novel 3 x 1 multifocal HD-tDCS
montage with round Ag/AgCl electrodes (3.14 cm?). The target area of
stimulation was the left dorsolateral prefrontal cortex (DLPFC), which
was located in F3 based on the 10-20 system. To optimize and focalize
the stimulation, three other return electrodes were placed (T7, Cz and
Fp2) with a 33% return of the current each, in a triangular scheme
(Fig. 2). This multisite montage involves greater control over the focality
and polarity of the effects (Kuo et al., 2013; Luft et al., 2017; Nikolin
et al., 2015). In the cathodal stimulation condition, a constant current of
1 mA intensity was applied for 20 min with 30s ramped up and 30s
ramped down at the start and at the end of the stimulation, respectively.
The sham condition consisted in applying current only at ramp periods
to emulate the skin tingling sensation. A double-blind design was used,
that is, both the participants and the researcher in charge of adminis-
tering the task were blind regarding the stimulation condition used for
each participant. Both types of stimulation (cathodal and sham) were
administered from the beginning of the task.
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3. Results
3.1. Experiment 1

The mean of the correct RTs, the percentage of errors (PE), and
congruency effects are shown in Table 1. Correct RTs were submitted to
a repeated measured ANOVA with SOA (150, 200, 250, and 300 ms),
location (cued and uncued) and congruency (incongruent and
congruent) as the within-participants factors. We excluded trials with
RTs shorter than 200 ms or longer than 1500 ms (0.46%). Error analyses
did not yield any statistically significant result and they are not shown.

The results showed a main effect of congruency (F;, 20 =54.04,
p<.001, ng =0.730). RTs were slower for the incongruent condition
than for the congruent condition (588 vs. 554 ms). A main effect of SOA
was also statistically significant (F3 ¢o=13.08, p <.001, ng =0.395),
with RTs of 587, 579, 564, y 554 ms, for SOA values of 150, 200, 250y
300 ms, respectively. There was no main effect of location (Fy, 20 =1.01,
p=.327, ng =0.048). None of the first-order interactions reached sta-
tistical significance (Fs < 1). Most important, the three-way interaction
SOA x location x congruency was significant (Fs, g0 =2.89, p=.043,
ng =0.126) (see Fig. 3). To further analyze this interaction, a separate
ANOVA was conducted for each SOA value, with location and congru-
ency as within-participants factors.

150-ms SOA. The main effect of congruency was significant (F,
20=16.21, p <.001, ng = 0.448). RTs were slower for the incongruent
condition than for the congruent condition (601 vs. 573 ms). No other
effects were significant (Fs < 1).

200-ms SOA. The main effect of congruency was significant (Fy,
20=11.73, p<.001, ng =0.370). RTs were slower for the incongruent

Table 1
Mean of median reaction times (M) and percentage of errors (PE) as a function of
location, congruency and prime-target SOA in Experiment 1.

Location Incongruent Congruent Congruency
Effect
M PE M PE

SOA =150 ms

Uncued 599 10.0 572 7.0 27
Cued 604 10.0 574 7.0 30
SOA =200 ms

Uncued 594 11.0 569 4.0 25
Cued 590 11.0 565 8.0 25
SOA =250 ms

Uncued 582 12.0 527 4.0 55
Cued 583 10.0 566 6.0 17
SOA =300 ms

Uncued 576 12.0 532 5.0 44
Cued 579 10.0 530 6.0 49

Note — Congruency Effect = Incongruent - Congruent.

B

Fig. 2. (A) Simulation of the electric field according to the StimWeaver software (Neuroelectrics) based on a model derived from MR images and the Finite Element
Method (Miranda et al., 2013) proposed in our protocol of stimulation. (B) Montage of the electrodes: F3 (target) and T7, Cz and Fp2 (return).
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Fig. 3. The y axis represents the reaction times in the emotional conflict task of Experiment 1. SOA values were 150, 200, 250 and 300 ms. There is a reduction in the
congruence effect for the SOA = 250 ms. The error bars represent the standard error of the mean.

condition than for the congruent condition (592 vs. 567 ms). No other
effects were significant (Fs < 1).

250-ms SOA. The main effect of congruency was significant (Fy,
120 =15.127,p <.001, nlz, = 0.431). RTs were slower for the incongruent
condition than for the congruent condition (582 vs. 547 ms). The effect
of location was marginally significant (Fi, 20=4.177, p=.054,
‘h% =0.173). Most important, there was a significant location x congru-
ency interaction (F1, 20=16.58, p <.001, ng:0.53). Analysis of the
simple main effects showed a significant congruency effect when the
distractor was presented at the uncued location (55 ms) (Fy, 20 = 34.36,
p<.001, ng =0.539), but not when it was presented at the cued location
(17ms) (F<1).

300-ms SOA. The main effect of congruency was significant (Fy,
20=49.25, p<.001, ng =0.711). RTs were slower for the incongruent
condition than for the congruent condition (577 vs. 531 ms). No other
effects were significant (Fs < 1).

3.2. Experiment 2

The mean of the correct RTs, the percentage of errors (PE) and
congruency effects are shown in Table 2. Correct RTs were submitted to
a mixed ANOVA with stimulation (cathodal and sham) as the between-
participants factor and SOA (200 and 250 ms), location (cued and
uncued) and congruency (incongruent and congruent) as the within-
participants factors. We excluded trials with RTs shorter than 200 ms
or longer than 1500 ms (0.38%). Error analyses did not yield any sta-
tistically significant result and are not shown.

Table 2
Mean of median reaction times (M) and percentage of errors (PE) as a function of
stimulation, location, congruency and prime-target SOA in Experiment 2.

Stimulation Location Incongruent Congruent Congruency Effect
M PE M PE
Sham SOA= 200 ms
Uncued 566 12.0 522 6.0 44
Cued 567 16.0 518 7.0 49
SOA =250 ms
Uncued 563 12.0 489 6.0 74
Cued 550 15.0 521 7.0 29
Cathodal SOA =200 ms
Uncued 538 12.0 503 6.0 35
Cued 542 16.0 516 9.0 26
SOA =250 ms
Uncued 527 17.0 492 7.0 34
Cued 531 14.0 495 9.0 36

Note — Congruency Effect = Incongruent - Congruent.

The four-way stimulation x SOA x location x congruency interaction
was significant (F, 27 =7.848, p=.009, ng =0.205) (see Fig. 4), so we
do not report any other effect for simplicity purposes. To further analyze
this interaction, a separate repeated measures ANOVA was conducted
for each stimulation group, with SOA, location and congruence as
within-participants factors.

3.2.1. Sham stimulation

As in Experiment 1, the three-way SOA x location x congruency
interaction was significant (F;, 13=8.82, p=.011, ng =0.404).
Accordingly, two separate ANOVAs for each SOA value (200 and
250 ms) were conducted, with location and congruence as within-
participants factors.

200-ms SOA. The main effect of congruency was significant (F;,
13=23.615, p <.001, ng = 0.645). RTs were slower for the incongruent
condition than for the congruent condition (520 vs. 566 ms). No other
effects were significant (Fs < 1).

250-ms SOA. The main effect of congruency was significant (Fy,
13=53.863, p <.001, ng =0.806). RTs were slower for the incongruent
condition than for the congruent condition (557 vs. 505 ms). The effect
of location was not statistically significant (F1, 13=2.232, p=.159,
nf) =0.147). Most important, there was a significant location x congru-
ency interaction (Fi, 13=10.32, p=.007, n§:0.443). The analysis of
the simple main effects showed a significant congruency effect when the
prime word was presented at the uncued location (74 ms), (F,
13=40.02, p <.001, 1]12, =0.755). However, the congruency effect was
reduced when the prime word was presented at the cued location
(29 ms) (F1, 13=14.29, p=.002, ng =0.524).

3.2.2. Cathodal stimulation

The results showed a main effect of congruency (Fy, 14 =42.69,
p<.001, ng =0.753). RTs were slower for the incongruent condition
than for the congruent condition (534 vs. 502 ms). The main effect of
SOA was also statistically significant (F;, 14=20.07, p<.001,
r]f, =0.589). There was no main effect of location (F, 14 =1.94,p =.185,
1112, =0.122). None of the first-order interactions reached statistical sig-
nificance, and most important, the three-way congruency x loca-
tion x SOA interaction was not significant either (Fs < 1).

4. Discussion

The aim of the present study was threefold. We aimed to; i) extend
the IT effect that is usually observed at the cued (inhibited) location to
ongoing emotional processing, ii) determine the emergence and devel-
opment of IT in emotional conflict tasks, and iii) reveal whether the left



V. Martinez-Pérez et al.

Neuropsychologia 135 (2019) 107242

ECUED
OUNCUED

90 r

80
~ 70
8]
o g0
[T
w 50
o
E 40
D 30
&
9 20
S 10

0

SOA 200 SOA 250
SHAM

SOA 200 SOA 250
CATHODAL
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DLPFC plays a key role in the generation of IT.

As with cognitive tasks, IT modulated ongoing emotional processing.
We found the typical emotional conflict effect when the emotional prime
word was physically separated from the target face, but the effect was
eliminated (Experiment 1) or significantly reduced (Experiment 2, sham
group) when the prime word was presented at the inhibited location.
Importantly, such reduction in the emotional conflict effect, the signa-
ture of IT, was observed just with the 250 ms prime-target SOA, neither
earlier nor later than that temporal interval. These results replicate
previous ones with semantic priming (Fuentes et al., 1999) and
Stroop-like interference effects (Vivas and Fuentes, 2001). Admittedly,
we do not have yet an evidence-based account for the quick onset and
decay of the IT. We can speculate, on the basis of other inhibitory effects,
that inhibition takes some time to build up and it might explain why we
did not observe IT effects with the shortest 150 ms SOA. The fact that it
vanished away so quickly may reflect the adaptive value of this effect. In
addition, the 250 ms SOA value likely reflects the timing necessary for
the neural connections to take place. That is, the time required for the
left DLPFC to send the inhibitory signal to the response system. Further
neurophysiological studies that use precise timing of neural responses
may clarify this issue.

In Experiment 2, we replicated the pattern of findings of Experiment
1 for the control group (sham stimulation). The IT modulation of the
emotional conflict effect was observed again just with the 250 ms SOA.
Furthermore, the suppression of the left DLPFC by the application of
cathodal HD-tDCS yielded, as hypothesized, a lack of modulation of the
emotional conflict effect when the prime word was presented at the cued
location.

In determining how emotional congruency is affected by the IT,
several accounts should be taken into consideration. One possibility is
that as soon as the affective prime word is presented at the cued location,
IOR delays processing of emotional information, reducing or eliminating
the differences in reacting to the emotional expression of the target face,
be that expression congruent or incongruent with the affect the prime
word conveys. Against that explanation is the fact that with SOAs
shorter or longer than 250 ms the emotional congruency effect was
observed. That is, the affective prime word promptly contacted with its
representation in the emotion processing system irrespective of whether
it appeared at the cued or the uncued location, not being emotional
processing affected by IT. Note that a similar account was raised by
Fuentes and his co-workers when cognitive tasks were used (Fuentes
et al., 1999; Vivas and Fuentes, 2001; Vivas et al., 2007; see Fuentes,
2004, and Fuentes et al., 2012, for reviews). For instance, with the

cognitive semantic priming task, Fuentes et al. (1999) observed that
when the prime word was presented at the cued location, related targets
produced longer RTs than did unrelated ones. The fact that a semantic
priming effect, although reversed, was observed at the cued location
means that the prime word at that location contacted with its repre-
sentation in the memory system. The standard semantic priming effect
was restored with SOAs longer than 250 ms. The use of very short
cue-target SOAs here represents stronger evidence against an explana-
tion based on the assumption that accessing to the processing system by
the affective prime word presented at the cued location is altered by IT.

As with other cognitive tasks, a more plausible explanation locates
the IT effect at the response level. As previously mentioned, IT is also
observed when the cueing procedure is combined with tasks that tap
response-based conflict between competing stimuli/dimensions. For
instance, when the task-irrelevant dimension (the word) was followed
by the task-relevant dimension (a color patch) in a Stroop-like task, the
interference effect was reduced/eliminated when the word was located
at the cued location. Interestingly, the reduction in the interference ef-
fect was observed just in the 250 ms SOA, being restored with longer
SOAs. With the flanker task, the flanker interference effect was reversed
at the cued location, that is, congruent flankers produced longer RTs
than incongruent flankers. Imaging studies also point to the response
level as the stage where the IT operates. For instance, Chen et al. (2006)
compared two incongruent conditions, one in which the color words
denoted colors that did not belong to the response set (the
incongruent-ineligible condition), and other in which the colors words
denoted colors that belonged to the response set (the
incongruent-eligible condition). Whereas in the former condition con-
flict occurred just at the pre-response level, in the later condition conflict
occurred at both pre- and response levels. The left rostral anterior
cingulate cortex was found to be involved in the IOR-conflict interaction
at the pre-response level but increased left DLPFC activation was
observed at the cued location in the response-eligible condition
compared with the response-ineligible condition, a result that the au-
thors interpreted as evidence of IT acting at the response level.

In the present study, we assume that emotional processing of the
affective prime word is not affected at the cued (inhibited) location, but
the access to the response is temporarily “disconnected” after 250 ms
had elapsed. To illustrate the tagging process here, imagine that the
prime word “angry” is presented at the cued location. Both the meaning
and the emotional content of that word would be processed, but any
response associated with such emotion would be temporarily affected by
IT. If the forthcoming target depicts an angry face (the congruent
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condition) the participant’s response will be hindered because the
response “angry” has already been tagged with inhibition. Conse-
quently, responses in the congruent condition will be delayed compared
with when the prime word is presented at the control uncued location
(Fig. 3 shows longer RTs in the congruent condition in the cued
compared to the uncued location, in the 250 ms SOA). If instead the
forthcoming target depicts a happy face (the incongruent condition), it
mismatches with the emotion conveyed by the prime word (angry), in a
similar way to the target unrelated word in the typical semantic priming
task, but responses to the incongruent target face would not be affected
by IT. Therefore, IT effects will be observed only in the congruent con-
dition, slowing down responses to emotionally congruent targets, and
accordingly reducing the emotional congruency effect just at the cued
location. Fig. 5 illustrates how IT acts when the emotional conflict task is
used in combination with the cueing procedure that triggers IOR.
Regarding the brain areas involved in the IT, previous studies with
psychiatric patients pointed to the frontal lobe. For instance, Fuentes
et al. (2000) used the combined cueing procedure and the Stroop task
with outpatients diagnosed with schizophrenia. Whereas the patients
showed preserved IOR and Stroop interference effects, they did not show
any reduction in the Stroop effect when the targets were presented at the
cued location. This finding is compatible with a deficit in the IT asso-
ciated with the frontal disfunction that has been usually related to
schizophrenia (see Weinberger, 1988), in line with other cognitive in-
hibition deficits involving the left hemisphere (see Fuentes et al., 1999).
A more direct evidence of the involvement of the left DLPFC in IT comes
from the fMRI study by Chen et al. (2006) and the EEG study by Zhang
et al. (2012). In the present study we aimed to overcome the lack of
causality that characterizes most of neuroimaging studies and establish a
causal role of the left DLPFC in the IT. Here we took advantage of the
multisite montage our high-definition tDCS permits to get greater con-
trol over the focality and polarity of the effects. With sham we replicated
the results of Experiment 1 with just two crucial prime-target SOA
values, one with the critical SOA of 250 ms where the IT effect was ex-
pected, and other with a shorter SOA of 200 ms where the IT effect was
not expected. We preferred to use a SOA shorter rather than longer than
250 ms because in the previous cognitive tasks we always used 250 ms
SOA as the shortest one. Note that the fact that standard emotional
conflict effects are observed as early as 200 ms SOA reinforces our ac-
count that IT is affecting stages of processing occurring later than the

Uncued location
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system

meaning

ANGRY | = emotion

Cued location

Prime Stimulus Processing

system
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ones involved in processing the emotional meaning of the prime word.
On the basis of previous findings, we expected the suppression of the left
DLPEC activity by cathodal stimulation to eliminate IT. Accordingly, we
did not observe the typical reduction in the emotional conflict effect
when the prime word was located at the cued location and the
prime-target SOA was 250 ms. These results suggest a causal role of the
left DLPFC in IT irrespective of whether processing involves emotional
(present experiment) or cognitive conflict (Chen et al., 2006). The
involvement of the prefrontal cortex in IT further supports the dissoci-
ation between IOR and IT, since this particular brain area has not been
previously lined with the generation of IOR.

In our model, IOR and IT are two dissociable inhibitory mechanisms
involving the orienting and the executive attentional networks, respec-
tively. The presence of an uninformative spatial cue activates the fron-
toparietal network. The parietal lobe is thought to contain a spatial map
where different locations differ in their relative salience so that the one
containing the uninformative cue is tagged as inhibited (Vivas et al.,
2003, 2006, 2019; see Fuentes, 2004, and Fuentes et al., 2012, for re-
views). The frontoparietal network would translate the attention/ocu-
lomotor bias in subcortical structures (e.g., the superior colliculus) into a
signal to areas of the frontal executive network implicated in response
selection. The left DLPFC would be a crucial area of the network that
interrupts any response already activated by the stimulus presented in
the inhibited location. The 250 ms interval might reflect the time needed
to accomplish such transient interruption.

The present and previous findings suggest that inhibitory mecha-
nisms that rely on different attention networks interact in a cooperative
way to favor attentional allocation to novel unexplored objects/loca-
tions, which suggests that search for novelty may be a pervasive char-
acteristic of the attention system.
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