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Short-Term Impact of tDCS Over the
Right Inferior Frontal Cortex on
Impulsive Responses in a Go/No-go Task

Salvatore Campanella', Elisa Schroder', Marie-Anne Vanderhasseltz’“,

Chris Baeken??, Charles Kornreich', Paul Verbanck', and Boris Burle®

Abstract

Inhibitory control, a process deeply studied in laboratory settings, refers to the ability to inhibit an action once it has been
initiated. A common way to process data in such tasks is to take the mean response time (RT) and error rate per participant.
However, such an analysis ignores the strong dependency between spontaneous RT variations and error rate. Conditional
accuracy function (CAF) is of particular interest, as by plotting the probability of a response to be correct as a function of its
latency, it provides a means for studying the strength of impulsive responses associated with a higher frequency of fast response
errors. This procedure was applied to a recent set of data in which the right inferior frontal gyrus (rIFG) was modulated using
transcranial direct current stimulation (tDCS). Healthy participants (n = 40) were presented with a “Go/No-go” task (click on
letter M, not on letter W, session |). Then, one subgroup (n = 20) was randomly assigned to one 20-minutes neuromodulation
session with tDCS (anodal electrode, rlFG; cathodal electrode, neck); and the other group (n = 20) to a condition with sham
(placebo) tDCS. All participants were finally confronted to the same “Go/No-go” task (session 2). The rate of commission
errors (click on W) and speed of response to Go trials were similar between sessions | and 2 in both neuromodulation groups.
However, CAF showed that active tDCS over rIFG leads to a reduction of the drop in accuracy for fast responses (suggesting
less impulsivity and greater inhibitory efficiency), this effect being only visible for the first experimental block following tDCS
stimulation. Overall, the present data indicate that boosting the rIFG may be useful to enhance inhibitory skills, but that CAF
could be of the greatest relevance to monitor the temporal dynamics of the neuromodulation effect.
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tDCS, inhibition, right inferior frontal gyrus, impulsive errors, conditional accuracy function (CAF)
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to some rare and random stimuli of another type (“No-go™).*
In other words, a prepotent motor response is installed (click
to frequent Go trials), but participants have to withhold this
dominant response when a No-go trial appears. This process is

Introduction

The ability to stop the execution of an automatic reaction or a
planned motor behavior is called “response inhibition.”" Such
a concept refers to different aspects of action inhibition such
as “action restraint,” that is, when a not-yet-initiated action
has to be restrained, and “action cancellation,” that is, when
already initiated responses that are no longer required or
become inappropriate in ever-changing environments, have to
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be cancelled.” Both mechanisms rely on a common network of
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neural activation, including bilateral inferior frontal regions, 3pepartment of Psychiatry, University Hospital (UZBrussel), Brussels,
the (pre)supplementary motor area (SMA), and thalamic Belgium

regions, even if additional neural components that are distinct
to action restraint (ie, the right superior frontal gyrus and ante-
rior cingulate cortex) or action cancellation (ie, the right mid-
dle frontal gyrus and the posterior cingulate cortex) have also
been described.® Action restraint has been deeply studied in
laboratory settings by using the “Go/No-go” task. In this task,
participants must press a button in response to one type of fre-
quently presented stimuli (“Go”) and withhold that response
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seen as a key component of executive control, affecting an
individual’s ability to inhibit impulsive responses to stimuli.
When impaired, it has therefore been widely related to many
behaviors requiring impulse suppression such as food con-
sumption, smoking urges, or alcohol-seeking behavior.” In this
view, a lot of studies tried to verify whether this inhibitory
process can be rehabilitated in order to improve an individu-
al’s ability to overrule impulsive reactions and regulate behav-
ior in a consistent way with long-term goals. A recent
meta-analysis showed that a small but homogeneous effect of
“cognitive training” on behavior was found (d+ = 0.378, 95%
CI = [0.258, 0.498]).° This suggests that inhibitory control
training may be a useful intervention technique for reducing
health risk behaviors.®

Similarly, transcranial direct current stimulation (tDCS), a
noninvasive brain stimulation technique, is based on the appli-
cation of weak (0.5-2 mA), direct electric signals into the brain
through relatively large electrodes placed over the scalp. tDCS
devices essentially comprise 4 main components: electrodes (1
anode and 1 cathode), a power supply (9 V battery), an ampere
meter (to measure the intensity of the electric current), and a
potentiometer (to allow adjustment of the electric current).
This technique has been successfully used as a tool to improve
behavioral inhibition.”* tDCS of the dorsolateral prefrontal
cortex (DLPFC) has already been used in many addictive dis-
orders: It has been shown to decrease craving among crack
cocaine,’ marijuana,10 appetitive food," tobacco,'? and alcohol
users.”> Overall, a recent meta-analysis has found 17 studies
dealing with the effects of neurostimulation on substances and
appetitive foods.'* In the active DLPFC stimulation, a decrease
of craving compared to sham stimulation is reported, with an
effect size of 0.476, providing clear evidence that noninvasive
neurostimulation of the DLPFC decreases craving levels in
substance dependence. As a consequence, a level B recommen-
dation (probable efficacy) is conferred for the clinical effect of
anodal tDCS of the right DLPFC with the cathode over the left
DLPFC in addiction/craving, although this statement covers
different clinical conditions and outcome variables.'> However,
the available literature is still relatively small and sparse, and
the long-term safety and clinical efficacy of these interventions
need to be confirmed.'® Indeed, “recommending” a type of
tDCS protocol in a given clinical situation according to the
level of evidence of its “real” efficacy (comparing active vs
sham condition) may be statistically relevant but not clinically
meaningful in daily living or in terms of quality of life. For
instance, while Klauss et al'” showed that tDCS on bilateral
DLPFC did not diminish craving but reduced relapse probabil-
ity in 33 alcohol dependent patients, da Silva et al'® reported a
suppressed craving but an unexpected trend for more relapse in
the active DLPFC group than in the sham group. Therefore, it
remains to be determined how to optimize tDCS protocols and
techniques to give them ‘‘therapeutic relevance” in routine
clinical practice. Multiple factors are likely to contribute to the
variability of data in tDCS studies'’: Among these, a main fac-
tor concerns the relevance of the site of stimulation with regard
to the tagged cognitive function.”” In this view, tDCS over the

right inferior frontal gyrus (rIFG) has been shown to boost
inhibitory control in a wide range of circumstances. Several
studies have shown that unilateral anodal tDCS over the right
inferior frontal cortex (rIFC) improves the ability to inhibit
responses in healthy subjects using the stop signal task,?' > and
modulated its electrophysiological correlate® as the facilitated
response inhibition induced by tDCS activation is linked to
decreased theta band activity (compared with the sham condi-
tion). Similarly, some studies also disclosed some indirect
effects of improving inhibition skills through rIFG stimulation,
as decreasing anger ruminations,” improving successful
lying,”® or even improving speech-motor output in recovering
patients from poststroke aphasia.”” Another theoretical dimen-
sion may also explain the heterogeneity of the results. Indeed,
inhibition is nowadays not seen any more as a unitary con-
struct, and, the dual mechanisms of control model®® offered to
divide cognitive control in 2 different kind of strategies: proac-
tive cognitive control, mainly relying on the active mainte-
nance of contextual information relevant to the ongoing task,
and reactive cognitive control, a form of transient control trig-
gered by an external cue. More recent studies therefore suggest
that tDCS activation over the rIFG facilitated both pro- and
reactive inhibitory strategies in a stop-signal task”’ while bilat-
eral stimulation of the IFG seems to specifically enhance pro-
active inhibition (the behavioral reactive responses remaining
unaffected in combined stop-signal and Go/No-go tasks).** Of
course, here again some mixed results have been reported, as
for instance, den Uyl et al’' did not report any impact of rIFG
activation (compared with sham) on craving for heavy drink-
ers, while Dambacher et al* reported no impact of rIFG tDCS
activation on the ability to inhibit motor responses engaged in
aggressive behaviors. Further studies have then still to clarify
the specific improvements that may be triggered by rIFG acti-
vation as well as their precise clinical applicability.

A recent study of Campanella et al*® tested the impact of
tDCS over the right frontal inferior gyrus (rIFG) when healthy
participants are asked to achieve a “Go/No-go” task.
Participants received either active tDCS stimulation of the
rIFG (tDCS group), or placebo sham neuromodulation (Sham
group) over the same region. “Go/No-go” task was assessed
before and after the neuromodulation. Because inhibition is a
covert process that, when successful, produces little or no
overt, measurable behavior,** the authors simultaneously
recorded event-related potentials to gain understanding of
these hidden processes. The main reported result concerned
the decreased P3d amplitude recorded in session 2 (after
tDCS application) compared with session 1 (before tDCS
application), only in the tDCS group. Increased No-go P3
amplitudes are commonly interpreted as indicators that
increased cognitive resources are being recruited for inhibi-
tion.>>*® The lower P3d amplitudes in tDCS participants may
hence attest to the need for less recruitment of neural resources
required to correctly perform the task: People confronted with
tDCS over the rIFG needed less neural resources to perform
the Go/No-go task during session 2, indexing that fewer corti-
cal resources are required to achieve correct inhibitions after



Campanella et al

a single session of 20 minutes. However, the authors did not
observe any global increase in performance accuracy between
the 2 sessions. This contrasts with some previous studies that
have already shown that unilateral anodal tDCS over the rIFG
improved the ability to inhibit responses in healthy subjects
using a stop signal task.”'** A possible explanation could be
that the global false alarm rate might not be sensitive enough
to detect subtle changes in impulse control.

Indeed, when confronted to a “Go/No-go” task, classical
behavioral analyses, indexing inhibitory control efficiency,
concerned (1) the number of errors a subject makes on No-go
trials, that is, “false alarms” (or commissions errors) referring
to the number of hits when they should not; (2) the number of
“omissions,” that is, when participants do not click on Go tri-
als; and (3) speed of response (response time [RTs]) to Go tri-
als, as time pressure is known to generate a higher rate of false
alarms on No-go trials.”” A common way to process data in
such a task is to take the mean RT and error rate per participant.
However, such an analysis ignores the strong dependency
between spontaneous RT variations and error rates: it is well
established that RTs vary spontaneously, and that when RTs are
short, the likelihood of an error increases. This drop in accu-
racy indexes the tendency to react prematurely based on insuf-
ficient accumulated information, which is the core of impulsive
behavior.”

In this view, “conditional accuracy function” (CAF) is of
particular interest, as by plotting the probability of a response
to be correct as a function of its latency, it provides a means for
studying the strength of impulsive (ie, fast) responses associ-
ated with a higher frequency of fast response errors.*® A well-
documented finding is that in conflict tasks (such as the Stroop
task, the Simon task, or the Eriksen flankers tasks), for a rela-
tively large proportion of the fast responses, action selection is
captured by automatically activated extraneous stimulus-
response associations to such an extent that deliberate inten-
tion-driven action selection is bypassed and an overt response
error is committed.* In the Stroop task, for example, a drop in
accuracy is classically observed for fast incongruent trials,
revealing a tendency for impulsive response to the word name,
although irrelevant for the task at hand.*® In the situation of a
Go/No-go task, it has also been shown that the instruction to
respond fast affects the speed of response activation and the
strength of response inhibition, as the error rate decreased on
longer response latencies.*’ In other words, when responses are
faster, they are more often false alarms (ie, commission errors),
reflecting an impulsive response tendency. The depth of this
drop in response accuracy to fast responses therefore provide a
more sensitive measure of impulse strength as compared with a
general/global accuracy rate.***!

With this in mind, if tDCS improves impulse control, its
effect should be especially apparent for fast responses, increas-
ing accuracy for those trials, and this might have been masked
by global accuracy measures. The main objective of the present
article is to reanalyze the set of behavioral data obtained in the
study by Campanella et al** with CAF. This would help us
assess changes in accuracy present in the fast responses, hidden

in the global (average) analysis of accuracy. Our main hypoth-
esis is that, if tDCS over the rIFG increases inhibitory effi-
ciency over impulsive response (in session 2 compared with
session 1), we expect the drop in accuracy for fast response to
be reduced after the active tDCS session.

Method

Full details concerning method can be found in the article by
Campanella et al.** In the present study, only data useful for the
current behavioral reanalysis are reported.

Participants

Forty males students (20-30 years old) were enrolled at the
University of Ghent. These individuals had normal or corrected
vision, and normal hearing. They were not taking any medica-
tion and had no history of neurological or psychiatric disease,
as confirmed by the English version of the MINI Screen 5.0.0.*
Individual scores were obtained for the following question-
naires: the Alcohol Use Disorder Identification Test (AUDIT;
Dutch version®); the Barratt Impulsiveness Scale (BIS-11;
Dutch version®); the State-Trait Anxiety Inventory (STAIT;
Dutch version®); and the Beck Depression Inventory (BDI-II;
Dutch version*®). Among these participants, one was found to
have reaction times in response to Go trials that were too slow
(3 SDs above the mean), and 4 others made too many commis-
sion errors (3 SDs above the mean) in the Go/No-go task.
Therefore, 35 participants were included in the final sample
used for statistical analyses, with 18 in the tDCS group and 17
in the Sham group. The complete characteristics of the cohort
are reported in Table 1. The ethics committee of the University
of Ghent approved the study, and informed written consent was
obtained from each participant. They were paid €25 for their
full participation.

Tasks and Procedure

When they arrived at the laboratory, participants were con-
fronted with the Go/No-go task. They had to press a button
with the index finger of their right hand, as quickly and accu-
rately as possible, whenever the letter M (Go) was displayed,
and to withhold pressing the button when the letter W (No-go)
was displayed. Both letters were superimposed on a black
background. The stimuli consisted of 2 yellow capital letters
(M and W; size 500 x 400 mm) in Arial font displayed on a
17-inch monitor. Participants were placed 1 m from the screen.
Overall, the task comprised 2 separate stimulation blocks last-
ing around 3 minutes each. Each block contained 133 letters,
divided into 93 Go (70%) and 40 No-go (30%) letters. Go and
No-go letters were displayed in a semirandom order to avoid
the consecutive presentation of 2 No-go letters within each
block. One to 4 Go letters could precede No-go letters. Each
block consisted of the presentation of a black background
screen (500 ms), then the letter M or W appeared on this back-
ground screen for 200 ms, followed by a return to the initial
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Table I. Characteristics of Transcranial Direct Current Stimulation (tDCS) and Sham Participants Presented as Means (Standard

Deviations).
tDCS (n = 18) Sham (n = 17) P* (Independent t)

Age (years) 22.2 (3.0) 21.3 (1.7) 0.310
Depression (BDI-Il score) 4.7 (3.9) 6.0 (5.5) 0411
Anxiety Trait (STAI- B) 343 (84) 332 (6.9) 0.674
Alcohol problems (AUDIT) 9.7 (4.3) 7.5 (3.8) 0.126
Impulsivity (BIS-11):

BIS-Attentional 13.3 (3.5) 14.1 (3.3) 0.505
BIS-Motor Planning 12.9 (4.1) 13.6 (4.4) 0.628
BIS-Non Planning 30.6 (4.1) 28.9 (6.2) 0.367

Abbreviations: BDI, Beck Depression Inventory; STAI B, State and Trait Anxiety Inventory; AUDIT, Alcohol Use Disorders Identification Test; BIS-11, Barratt

Impulsiveness Scale.
*All values are P > .05 (nonsignificant).

background screen (1300 ms). Thus, subjects had a maximum
of 1500 ms to press the button before the next letter appeared.
Before starting the session, participants had a practice session
(20 trials including 3 No-go letters) in order to be sure that
instructions were correctly understood. Once they had finished
the first session, participants were then randomly assigned to a
stimulation condition, active or sham, using a double-blind
counterbalanced procedure. Randomization was conducted
centrally by an independent researcher using 1:1 randomiza-
tion with atmospheric (white noise) generated random
sequences of integers (without duplicates) as offered by
NeuroConn (codes that are associated with real or sham stimu-
lation). This way, a double blind stimulation could be per-
formed. tDCS was applied using a pair of surface sponge
rubber electrodes (25 cm?) soaked in saline and was adminis-
tered by a DC-stimulator (Neuroconn, Ilmenau, Germany).
One electrode was placed over the scalp, above the cortical
area aimed to be stimulated. The other electrode, the reference,
can be positioned elsewhere, for example, over the extrace-
phalic region. In our study, we placed this reference electrode
at the left superior region of the trapezius muscle near the base
of the participant’s neck. The anodal electrode was placed over
the rIFG, which corresponds to the F8 electrode.** Participants
were then confronted with an active or a sham tDCS session
lasting 20 minutes, during which they filled in questionnaires.
During sham stimulation, the tDCS ramps up during a period of
30 seconds just as in the active tDCS condition, but is immedi-
ately followed by a fade out of 30 seconds. This generates an
active placebo condition and makes it difficult for participants
to discern between sham and active stimulation.

After the tDCS session, all participants were then confronted
with the same Go/No-go task described in session 1.

Data Processing

All RTs inferior to 100 ms were considered as anticipations and
were hence removed (percentage of rejection: 2.22%). From the
remaining data, CAF were computed as follows. First RT, includ-
ing correct and false alarm responses, were “vincentized'’” sepa-
rately for each session and block: Basically, RTs were sorted in

ascending order within each block and binned in classes contain-
ing the same number of trials (not necessarily a round value),
termed “quantiles.” In the present analysis, data were binned in 5
quantiles. For each quantile, the mean RT value of the class and
the proportion of correct response were computed. The CAF
plots the proportion of correct response as a function of mean RT
across all quantiles. CAF were computed for each participant
and session separately and then, for illustrative purposes, aver-
aged across participants for each condition. Statistical analyses
were performed by analyses of variance, with proportion correct
as the dependent variable, tDCS conditions (active vs sham) as a
between participant factor, and session (pre = sessionl vs post =
session2), quantiles and block number (first or second) as within
participant factors. When necessary, Greenhouse-Geisser correc-
tion for violation of sphericity assumption was applied.

Results

The CAF for each experimental conditions are presented on
Figure 1. First, the overall effect of quantiles was significant,
F(4,132)=25.80, € =0.64, P <.001, indicating that the rate of
false alarms increases for fast responses. A general effect of ses-
sion (pre vs post) also proved significant, (1, 33) = 5.36, P =
.03, likely indexing a learning effect. This is further supported by
an interaction between session and quantile, F(4, 132) =5.01, €
= 72, P < .001. No main effect of stimulation was observed,
F(1,33) = 0.13, but it was qualified by a third-order interaction
between stimulation group, session, block number, and quan-
tiles, F(4, 132) =3.62, € = 0.82, P = .01. To clarify this interac-
tion, the 2 participants groups (tDCS vs sham) were separately
analyzed.

On one hand, for the tDCS group (top row of Figure 1), one
observed an effect of quantile, F(4, 68) = 18.60, £ =0.53, P <
.001. No main effect of session was observed, F(1, 17) = 2.08,
P = .17, but session was qualified by several interactions. First,
session marginally interacts with quantile, F(4, 68) =2.79, € =
0.63, P = .06. It also marginally interacts with block number,
F(1, 17) = 3.56, P = .08. More important, the second-order
interaction between session, block number, and quantile proved
significant, F(4, 68) = 3.46; € = 0.74, P = .02. Based on
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Figure |. Conditional accuracy functions (CAF) for the transcranial direct current stimulation (tDCS) group (top row) and the sham group
(bottom row) and for the first (first column) and second (second column) block of each session. CAFs plot the probability that a response
is correct as a function of its latency. Errors bars represent the standard error of the mean, computed following the normalization of the
variance proposed by Cousineau*® (and corrected by Morey™®) for within-participants factors.

inspection of Figure 1 (top row), this interaction may reflect a
short lasting effect of the tDCS, being effective on the first
block, but with a decreased efficiency for the second block.
Separate analysis for the 2 blocks confirmed this: For the first
block, an effect of quantile was observed, (4, 68) =10.47, € =
0.65, P <.001, along with an effect of session: without vs with
tDCS, F(1, 17) = 4.67, P = .05. Importantly, these 2 factors
interact, F(4, 68) = 3.52, € = 0.65, P = .03, indicating that the
shape of the CAF changes between no stimulation (pre) and
with stimulation (post). For the second block, the effect of quan-
tile was still significant, F(4, 68)=13.18,E=0.79, P<.001, but
no effect of session was observed, F(1, 17) < 1. It was, however,
qualified by a marginally significant interaction with quantile,
F(4,68)=248,£=0.72, P=.07.

On the other hand, for the Sham group (bottom row of
Figure 1), one can observe that, as for the tDCS group, the
effect of quantile was significant, F(4, 64) = 9.59, € = 0.69, P
<.001. The interaction between quantile and session was just
above significance, F(4, 64)=3.23,€=0.52, P=.05. However,
in contrast with the tDCS group, the interaction between ses-
sion, block number, and quantile was not significant, F(4, 64)
=1.21,€=0.77, P=.32. To asses that the interaction between

quantile and session for the first blocks of the tDCS group is
really specific, we nonetheless analyzed the 2 blocks sepa-
rately. Although an effect of quantile was present for both
blocks in the sham group, F(4, 64) = 8.23, € = 0.63, P <.001
and F(4, 64) = 4.68, € = 0.77, P = .01, for blocks 1 and 2
respectively, neither the effect of session, F(1, 16) =2.36, P =
.14 and F(1, 16) = 0.99, P = .33, for blocks 1 and 2, respec-
tively, nor the interaction, (4, 64) =2.06, € =0.6, P=.13 and
F(4,64)=2.39,€=0.77, P = .08, for blocks 1 and 2, respec-
tively, reached significance. Hence, only the tDCS on the first
block did affect the shape of the CAF between session (without
vs with stimulation).

In order to point to the necessity of using CAF, classical
analyses were also performed on mean individual values for
RTs (to Go trials) and for commission errors (see Table 2),
using a 2 x 2 x 2 analysis of variance with “Session” (session
1; session 2), Block (block 1; block 2) as the within-subject
factors and “Group” (tDCS; sham) as the between-subject fac-
tor. While a main Session effect was found both for RTs, F(1,
33) =16.044, P < .001, and errors, F(1, 33) = 8.085, P =.008,
no significant interactions (group X session, group x block,
group X block x session) were observable (all Ps >.340).
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Table 2. The Go/No-go Task: RTs to Go Stimuli and Number of Errors in tDCS and Sham Participants for Sessions | and 2.

tDCS, Mean (SD) Sham, Mean (SD) Mean (SD)
Go RTs (ms)—Session |-Block | 314 (35) 306 (41) 310 (38)
Go RTs (ms)—Session |-Block 2 313 (45) 297 (53) 305 (49)
Go RTs (ms)—Session 2—-Block | 298 (35) 281 (34) 290 (35)
Go RTs (ms)—Session 2—Block 2 297 (37) 281 (37) 289 (37)
Commission error rates (40 trials) Session |-Block | 8.78 (5.7) 9.41 (4.8) 9.09 (5.2)
Commission error rates (40 trials) Session |-Block 2 8 (4.6) 8.76 (5.6) 8.37 (5)
Commission error rates (40 trials) Session 2—Block | 6.39 (4.8) 7.76 (4.4) 7.06 (4.6)
Commission error rates (40 trials) Session 2—Block 2 7.67 (4) 7.47 (4.3) 7.57 (4.1)

Abbreviations: RT, response time; tDCS, transcranial direct current stimulation.

Discussion

Response inhibition has been widely investigated in experi-
mental conditions, for instance, using the “Go/No-go” task.>
Campanella and colleagues™ showed that people confronted
with tDCS over the rIFG needed less neural resources to per-
form the Go/No-go task during session 2 (after stimulation)
than in session 1 (before stimulation), indexing that fewer cor-
tical resources are required to achieve correct inhibition
responses after brain stimulation (despite the absence of
behavioral accuracy enhancement). At the methodological
level, it is important to note that these event-related potential
data were grand-averaged data, defined by the average of all
correct trials obtained in the 2 blocks of stimulations presented
to each participant in each session. At the behavioral level, a
common way to process data in such a task is to take the mean
RT and error rate per participant. However, the starting point
of the present article is that several critiques have suggested
that such processes might be more accurately depicted if cur-
rent measures, often relying on averages across time, were
replaced with more temporally sensitive techniques able to
depict dynamic change.””* While “static” measures would
not allow deciphering the temporal dynamics of inhibitory
responses, distribution analysis will do it. Indeed, an efficient
inhibitory response to a No-go trial requires a good balance of
speed and accuracy, which is obtained by controlling the rela-
tive contribution of response activation and inhibition.> Bias
toward activation can cause impulsive behavior, whereas bias
toward inhibition can lengthen response times (RT) to urgent
events.” In such an activation-suppression model,** the sus-
ceptibility to react impulsively is revealed by the relation
between fast errors and response speed: stronger initial impul-
sivity on No-go trials is expressed by an increase in the pro-
portion of fast errors as less time is available for the build-up
of suppression to counter this incorrect activation.”

With this in mind, CAF provides a means for studying the
strength of impulsive responses associated with a higher fre-
quency of fast response errors. Indeed, responding fast (to Go
trials) increases the risk of false alarms (ie, responding to
No-go stimuli), reflecting an impulsive response tendency. By
applying CAF to the current set of data, we could show that, as
expected, active tDCS over rIFG leads to a reduction of the
drop in accuracy for fast responses (suggesting therefore less

impulsivity and then greater inhibitory efficiency). rIFG is core
node of the inhibitory network along with (pre)supplementary
motor area (SMA) and basal ganglia (especially the subtha-
lamic nucleus, STN).*® Recently, CAF analysis in a conflict
task during, which tDCS was applied over (pre)SMA revealed
a similar reduction of impulsive responses.”’ However, by
comparing overt (behavioral) and covert (EMG) impulsive ten-
dencies, the authors could show that tDCS over (pre)SMA does
not modulate the strength of prepotent response activation, but
selectively improved the capacity to overcome initial impul-
sive response activation. Whether rIFG also acts in the same
way, or instead reduces the impulsive tendency remain to be
deciphered.

A second main result of the present article is that the reported
effect was present only for the first experimental block follow-
ing tDCS stimulation. This suggests an acute effect of the 20
minutes tDCS stimulation. Such a result highlights the absolute
necessity to better define the number of sessions that is needed
to impact a cognitive function in the long-term. For this pur-
pose, CAF could reveal to be of the highest relevance, as it can
furnish an easy way (simple analysis on behavioral data) to
monitor when the tDCS effect vanished. If tDCS has been suc-
cessfully used as a tool to improve diverse cognitive skills in
substance use disorder,” results from randomized controlled
trials and meta-analyses are mixed,”® mainly due to the hetero-
geneity of the tDCS administration protocols of these studies.
CAF could be considered in further studies as an easy method
to favor a better knowledge of the number of sessions needed
to reach long-term efficiency.

Obviously, this article suffers from some limitations. The
main one was related to the fact that, unfortunately, we have to
limit our analyses in the present article to the behavioral data.
Indeed, it would have been nice to show that the reduction of the
P3d amplitude observable for the active tDCs group in session 2
was also “only” present for block 1. However, the limited num-
ber of No-go trials available per block (40 trials minus errors
minus artifacted trials) implies that this analysis is impossible
due to a poor signal-to-noise ratio. Further studies should
increase number of trials by block in order to check whether the
observed acute behavioral effect (revealed by CAF) is also
observable at the neural level. A second main limitation was
related to our “male” sample. On the basis of a functional mag-
netic resonance imaging study highlighting gender differences
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in regional brain activation to response inhibition (men acti-
vated the motor circuitry while women appeared to involve
visual association or habit learning®®), we chose in the present
experiment to work only with male participants. However, pre-
vious studies showing tDCS-induced effects on inhibition did
not separate males and females,” > so we can deliberate about
whether similar results would have been obtained with female
participants. Further studies should verify the generalizability of
our data to the female population.

To conclude, tDCS seems to be of particular interest in
terms of its applications in clinical neuropsychiatry and cogni-
tive neurorchabilitation. However, current data reported con-
troversial results and quite small effect sizes, as important
factors such as best electrode localization and number of ses-
sions, should still be better defined. By allowing a dynamic
monitoring of inhibitory responses, CAF could be of the great-
est relevance for researchers interested in long-term boosting
of inhibitory functions.
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