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Abstract

Background: Transcranial random noise stimulation (tRNS) is a form of noninvasive transcranial electrical stimulation that applies alter-
nating current in various randomized frequencies to the cortex, thereby improving cognitive functioning in multiple domains. However,
the precise mechanism of tRNS, as well as its impact on human electroencephalography (EEG), remains unclear. This is partly because
most studies have used tRNS in conjunction with a cognitive task, making it difficult to tease apart whether the observed changes in
EEG are a result of tRNS, the cognitive task, or their interaction. Methods: Forty-nine healthy individuals participated in this study
and were randomly assigned to active tRNS (n = 24) and sham (n = 25) groups. tRNS was delivered for 20 minutes over Fp1/Fp2 and
Oz. Resting-state EEG data were collected before and after either tRNS or sham stimulation. Results: Cluster-based permutation tests
using FieldTrip revealed no frequency-specific effect of tRNS on resting-state EEG data across four frequency bands (theta, alpha, beta,
gamma). Conclusions: These observations suggest that tRNS itself does not target or alter specific EEG frequencies. Rather, tRNS
most likely interacts with the cognitive task/activity at hand to produce an observable difference in post-tRNS EEG. Positive tRNS-EEG
findings from previous studies are also likely to have resulted from the interactive and cognitive activity-dependent nature of tRNS.

Keywords: noninvasive brain stimulation; electric brain stimulation; transcranial direct current stimulation; transcranial alternating
current stimulation; transcranial direct current stimulation (tDCS); transcranial alternating current stimulation (tACS)

1. Introduction
Transcranial electrical stimulation (tES) comprises

several noninvasive techniques that canmodulate neural ac-
tivity. This is useful, as brain stimulation can go one step
beyond neuroimaging to provide causal evidence of a brain
region or a network of brain regions behind different cog-
nitive functions. Three types of tES are currently used in
cognitive research: transcranial direct current stimulation
(tDCS), transcranial alternating current stimulation (tACS),
and transcranial random noise stimulation (tRNS). Of these,
tDCS is the most popular and has been demonstrated to im-
prove cognitive functioning in many domains by increas-
ing neural activity [1–7]. tACS, conversely, entrains neural
activity in a frequency-specific manner and is often used in
conjunctionwith a cognitive task to delineate the oscillatory
mechanisms behind different cognitive functions [8–13].

Among the three types of tES, tRNS is the least under-
stood technique in cognitive neuroscientific research. Un-
like tDCS or tACS, tRNS uses random frequency alternat-
ing current ranging from 0.1 to 640 Hz. With its biphasic
characteristic but without a fixed frequency, tRNS can be
viewed as a randomized variant of tACS. tRNS does not
have a clear directionality for neural activity, unlike anodal
and cathodal tDCS may have for neural excitation and in-

hibition, respectively. Because of its fast alternating fre-
quency in the high-frequency range (e.g., 200 Hz), tRNS
has also been hypothesized to operate via different mecha-
nisms to tDCS and tACS [14,15] that are normally assumed
to be acting on neuronal oscillations and neural entrain-
ment. Behaviorally, studies have shown that tRNS can pro-
duce facilitatory effects in a wide range of perceptual and
cognitive tasks, such as emotion perception [16,17], percep-
tion of facial identity [18], and perceptual learning [19,20].
This is also true physiologically, as studies have demon-
strated tRNS to be equal to or better than anodal tDCS in
inducing large changes in excitability in motor evoked po-
tential (MEP) [21–24]. Furthermore, tRNS has been shown
to induce less irritation on the scalp compared with tDCS,
which makes it better-suited for single- or double-blind de-
sign [25]. However, the mechanisms of tRNS behind these
promising behavioral effects remain elusive.

Why would a randomized, non-specific stimulation
tool such as tRNS be able to enhance human cognition?
One idea that has been proposed to explain the positive ef-
fects of tRNS is stochastic resonance [26,27]. By adding
random frequency noises to near-threshold neural activi-
ties, subthreshold potentials could be boosted to surpass the
threshold and therefore increase the activity of the neural
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network. Animal and in vitro studies have demonstrated
that the application of external electrical random noise stim-
ulation can induce the facilitation of Na+ current through
a stochastic mechanism [28,29]. Such importance of the
Na+ channels was also confirmed by Chaieb et al. [30],
who were able to eliminate the effect of tRNS (as mea-
sured via MEP) by blocking Na+ channels via the use of
a sodium channel blocker such as carbamazepine, suggest-
ing sodium channels as one of the downstreammechanisms
that mediate the effect of tRNS. The effects of stochastic
resonance are often presented as an inverted U-shape rela-
tionship between the level of noise and task performance
[31,32]. However, not all studies have reported facilitatory
effects [33–35].

One potential explanation for the mixed finding in
tRNS literature is that tRNS-induced enhancement might
be task- or stimulation protocol-dependent. To test this, re-
cent studies have begun combining electroencephalography
(EEG)with tRNS to shed light on themechanism behind the
facilitatory effects of tRNS. For instance, tRNS on the au-
ditory cortex has shown increased power in 40 Hz auditory
steady-state responses (ASSR) [36]. One recent study has
also demonstrated an improvement in acoustic perception
with a decreased peak latency of the P50 and N1 compo-
nents in event-related potentials (ERP) [37]. Stimulation of
different cortical areas has also revealed modulation of cor-
tical excitability. One study applying tRNS over the frontal
cortex in the context of auditory selective attention was able
to demonstrate reduced peak latency in P3 [38]. In addition,
Harty and Cohen Kadosh [39] examined the effect of tRNS
on sustained attention and found a reduction in the theta-to-
beta ratio (TBR) when 1-mA tRNS was applied over the
frontal cortex. Sheffield et al. [40] found improvement
in arithmetic performance with increased N1 and P2 am-
plitude. Furthermore, participants with higher resting TBR
showed better reaction time when tRNS was administered
over the frontal cortex. Ghin et al. [41] demonstrated in-
creased power spectral density (PSD) in the alpha and beta
band when tRNS was administered to the visual cortex.
Collectively, these EEG signatures reveal that, by modulat-
ing neural oscillatory activities, tRNS can effectively im-
prove cognitive functioning. However, not all studies have
observed an improvement [35,42]. One specific example
comes from the Dondé et al. [43] study, which utilized a
randomized double-blind control design to investigate the
correlation between the Stroop effect and resting state after
bifrontal tRNS. The authors reported no significant change
in behavioral performance and beta-to-alpha ratio. Further-
more, even the use of the same or similar stimulation pa-
rameters over the auditory cortex can still lead to inconsis-
tent results [36,44]. These results therefore suggest that the
underlying mechanism of tRNS is unlikely to be simple fre-
quency entrainment and needs to be further investigated.

Another complex aspect of tRNS findings comes from
the fact that no two studies have used exactly the same task.

As a result, it is difficult to disentangle whether a positive
vs null result can be fully attributed only to the tRNS pa-
rameters, other experimental aspects such as task design, or
the interaction between the two. For example, an increase
in 40 Hz oscillation (such as those from Van Doren et al.
[36]) in the active stimulation condition can either be a re-
sult of heightened intrinsic oscillations that is purely tRNS-
induced (without task), or the oscillatory effect of height-
ened interaction between tRNS and task demand. To better
elucidate this complex interaction, there is a need for a base-
line condition, where task-free but tRNS-induced changes
in EEG are clearly documented. This would in turn shed
light on previous findings by clarifying which frequency
bands can be boosted via tRNS alone, or via the interaction
of tRNS and task.

To this end, in this study we compared resting-state
EEG data before and after full spectrum tRNS. Our pre-
and post-tRNS EEG data would shed light on how tRNS af-
fects neural activities, without the confounding factors of si-
multaneous cognitive task/engagement. Oncewe have fully
grasped the influence of tRNS over EEG frequencies in this
relatively neutral context, future studies can compare their
EEG data (with task) against our task-free EEG data to clar-
ify the complex interactions between the different factors.

2. Methods
2.1 Participants

Forty-nine healthy participants were recruited in this
study (15 males and 34 females; aged 20 to 30 years, mean
age = 21.96 years). Before being recruited into this study, a
safety screening was performed to identify and exclude any
participants with contraindications to tRNS. None of the
participants had neurological or psychiatric issues and none
had taken psychoactive drugs in recentmonths. Participants
were randomly assigned to the tRNS group (n = 24) or sham
group (n = 25). All experimental procedures were approved
by the Joint Institutional Review Board of Taipei Medical
University, and all participants gave informed consent prior
to their participation.

2.2 Procedures
The experiment took approximately 2 hours to com-

plete. Resting-state EEG data were collected before and af-
ter the stimulation on the same day. Participants were told
to relax while EEG recording was in progress. EEG data
were collected with eyes open for 3 minutes (fixating on a
fixation cross in front) and closed for 3 minutes, for 3 cy-
cles (18 minutes total). Participants then received 20 min-
utes of full spectrum tRNS or sham stimulation. Following
that, another 18-minute post-stimulation resting-state EEG
session, identical to the pre-stimulation session, was per-
formed.
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Fig. 1. Montage and model of current flow. Electrodes were placed over the middle of Fp1/Fp2, and Oz. Modeling of current flow
was produced using StarStim.

2.3 Electrical Stimulation

Electrical stimulation was applied using a StarStim
stimulator (Neuroelectric, Barcelona, Spain). Two 25 cm2,
circular shaped rubber electrodes covered with saline (NaCl
solution)-soaked sponges were placed in the middle of
Fp1/Fp2 and Oz. These fronto-occipital montages were
chosen to spread out the electrodes, thereby enhancing the
visibility and detectability of tRNS-related changes in EEG
signals in any particular region (as shown in Fig. 1). Stim-
ulation with tRNS was applied for 20 minutes with random
noise stimulation (0 to 500 Hz) using a current of 1-mA
peak-to-peak (–0.5 mA to 0.5mA), which has been shown
to produce maximal effect in electric stimulation [45,46].
The electrodes had no offset, and the stimulation started and
ended with a 30-second on- and off-ramp. The sham condi-
tion consisted of the same on- and off-ramp, but no actual
stimulation was conducted.

2.4 EEG Recording

The EEG signals were continuously recorded from 32
Ag/AgCl electrodes (10/20 system) with a reference elec-
trode between Fz and Cz. All electrodes were mounted on
a BrainCap electrode cap (Brain Products GmbH, Munich,
Germany). All signals were amplified using a BrainAmp
amplifier (Brain Products GmbH, Munich, Germany) and
recorded using a BrainVision Recorder (version 1.22, Brain
Products GmbH,Munich, Germany). The signals were dig-
itized at a sampling rate of 500 Hz. Two sets of electrodes
were placed on the upper and lower sides of the right eye,
and the canthi of both eyes, to measure participants’ vertical
and horizontal eye movements. Electrode impedance was
maintained below 10 kΩ.

2.5 Data Processing

All preprocessing and analysis procedures were con-
ducted using EEGLAB version 2021.1 [47] and custom
MATLAB (R2020b; MathWorks Inc., Portola Valley, CA,

USA) scripts. Our preprocessing showed that data from
the eyes-closed blocks were too noisy, with ocular artifacts
due to participants’ excessive eye movements, and thus the
eyes-closed blocks were excluded from further analysis.
Eyes-open EEG data were merged. An independent com-
ponent analysis was performed to remove ocular artifacts
from EEG signals. The continuous ocular-corrected EEG
datawere first offline and re-referenced to the average of the
electrodes at the left and right mastoids (A1 and A2). EEG
data were then segmented into 2 second epochs. Epochs
with artifacts fluctuating over ± 100 µV on the channels
were rejected. Power spectra of artifact-free epochs were
computed using the EEGLAB function “Spectopo”. The
spectral power values for the frequencies were then aver-
aged across the canonical EEG bands: theta (4–7 Hz), alpha
(8–12 Hz), beta (13–30 Hz), and gamma (31–55 Hz).

A mixed analysis of variance (ANOVA) was con-
ducted to test if power changes between pre- and post-
stimulation occurred between the sham and tRNS groups in
each frequency band. There was one within-subjects fac-
tor of time and one between-subjects factor of the stimu-
lation group. Four scalp regions were chosen to perform
the statistical analysis, creating the within-subjects factor
of anterior-posterior electrodes: frontal (F3, Fz, and F4),
central (C3, Cz, and C4), posterior (P3, Pz, and P4), and oc-
cipital regions (O1, Oz, O2). The Geisser–Greenhouse cor-
rection was applied when the assumption of sphericity was
violated. Holm correction was applied for post-hoc tests.
Findings from the ANOVA can be found in Supplemen-
tary Results.

In addition to spectral power, we measured phase syn-
chronization between the two stimulation sites, Fz and Oz.
The inter-site phase coherence is defined by

Intersite Phase coherence =

∣∣∣∣∣n−1
n∑

t=1

ei(∅xt−∅yt)

∣∣∣∣∣
3

https://www.imrpress.com


Where n represents the number of time points, and
∅x and ∅y represents the phase angles from electrodes x
and y at frequency f. We averaged phase angle differences
between Fz and Oz over time. The inter-site phase coher-
ence ranges between 0 and 1, where 0 signifies the absence
of synchronization among two channels, and 1 indicates
perfect synchronization. These data were input to a two-
wayANOVA to analyze the time-averaged phase coherence
between Fz and Oz, considering the factors of time (pre
vs post) and group (tRNS vs sham) across four frequency
bands, respectively.

3. Results
We conducted a cluster-based permutation test as im-

plemented in FieldTrip [48] to investigate the effect of time
(i.e., pre vs post) across four frequency bands in two groups.
Clusters had to extend over at least two adjacent electrodes
as a constraint. In each frequency band, a two-step sta-
tistical analysis was performed, comparing pre- and post-
stimulation effects across all EEG channels and identifying
spatial clusters with significant differences (p< 0.05). The
samples were then permuted a number of times (1000) to
compute a Monte Carlo estimate. If the calculated p-value
was less than the critical alpha level of 0.05, then the clus-
ters of differences between pre- and post-stimulation con-
ditions were considered significant. However, the cluster-
based permutation analysis did not reveal any significant
differences in the four frequency bands for the time effect
at any electrode cluster in the two groups (Monte Carlo p
values > 0.05). Due to our unbalanced gender sex ratio,
we performed the same analysis again, but separately in
male and female participants to check test for any possible
gendersex-specific differences. Cluster-based permutation
analysis did not reveal any significant differences in the four
frequency bands for the time effect at any electrode cluster
in both either sexes (Monte Carlo p values > 0.05). This
was also true for the sham condition.

In terms of fronto-occipital synchronization, there was
nomain effect of time, nor any interaction between time and
group in theta, alpha, and beta (main effect of time: theta:
F(1,47) = 0.640, p = 0.428, η2p = 0.013; alpha: F(1,47) =
0.027, p = 0.869, η2p < 0.001; beta: F(1,47) = 0.904, p =
0.347, η2p = 0.019; interaction: theta: F(1,47) = 0.188, p
= 0.667, η2p = 0.004; alpha: F(1,47) = 0.372, p = 0.545,
η2p = 0.008; beta: F(1,47) = 0.535, p = 0.468, η2p = 0.011).
For the gamma frequency, however, there was a marginally
significant main effect of time, though the interaction be-
tween time and group was not significant (main effect of
time: F(1,47) = 3.887, p = 0.055, η2p = 0.076; interaction:
F(1,47) = 0.672, p = 0.416, η2p = 0.014). Nevertheless, we
conducted post hoc analyses to test the pre-post time effects
in both groups. However, post hoc comparisons showed no
significant differences between pre- and post-stimulation,
both in the sham and tRNS groups (sham: t(24) = –0.823, p
= 0.481; tRNS: t(23) = –1.954, p = 0.227). There is there-

fore some indication of tRNS-induced changes in gamma
synchronization, although this is not strong enough to ex-
plain any of the tRNS-induced cognitive effects reported in
previous literature.

Exploratory Analyses on Individual Receptivity
Previous studies including those from our own lab

have shown variations in individual receptivity to brain
stimulation [7,10,49,50]. Specifically, we have repeatedly
observed that low-performers (defined by the cognitive task
of interest from the sham session) tend to benefit from tDCS
and tACS on their cognitive performance, whereas high-
performers do not. In the absence of a cognitive task, this
grouping procedure was not possible in the present study.
However, to examine whether there is any indication of
variations in individual receptivity to tRNS, we approxi-
mated each participant’s responsiveness to tRNS by per-
forming a “post – pre” contrast for all individual partici-
pants across all frequencies. A positive difference would
somewhat crudely indicate a positive responder to tRNS.
To this end, positive contrasts were observed in 16 out of
24 participants in overall power, 15 out of 24 participants
in gamma band power, 16 out of 24 participants in beta band
power, 14 out of 24 participants in alpha band power, and 15
out of 24 participants in theta band power. Only 6 out of 24
participants showed full-range positive responses (i.e., >0
in all frequency bands mentioned above), whereas 2 out of
24 participants showed all negative responses, and the re-
maining showed inconsistent responses. A similar pattern
was also observed in the sham group, where positive con-
trasts were observed in 16 out of 25 participants in over-
all power, 10 out of 25 participants in gamma band power,
13 out of 25 participants in beta band power, 17 out of 25
participants in alpha band power, and 14 out of 25 partici-
pants in theta band power. None of these numbers are sig-
nificantly different from the responder headcounts from the
active tRNS group (overall: X2(1, 49) = 0.038, p = 0.845;
gamma: X2(1, 49) = 2.481, p = 0.115; beta: X2(1, 49) =
1.09, p = 0.296; alpha: X2(1, 49) = 0.492, p = 0.483; theta:
X2(1, 49) = 0.214, p = 0.644). As such, although the ev-
idence for robust individual differences in tRNS receptiv-
ity is not strong, there were indeed a few individuals who
showed a full-range increase in EEG power.

4. Discussion
In the present study, we found no frequency-specific

effect of tRNS on human resting-state EEG data. This
suggests that tRNS, although repeatedly shown to bene-
fit human cognition in many contexts [51–53], likely de-
rives its facilitative effect by interacting with task-specific
brain states/neural dynamics. In other words, the facilita-
tive effect of tRNS on human cognition is probably task-
dependent in a specific manner, which is why many studies
(that have used a range of different cognitive tasks) have
reported very different frequency effects of tRNS in EEG.
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4.1 tRNS can Interact with Cognitive Tasks
If tRNS is highly interactive with cognitive tasks, one

would reason that similar stimulation protocols coupled
with different tasks may yield quite different results. Al-
though there are no two studies with 100% identical pa-
rameters and task design, a review of some similar studies
does support the idea of task-dependent, or task-interactive,
tRNS outcome. Taking studies applying tRNS over the tem-
poral cortex as an example, Rufener et al. [37] found that,
when a near-threshold sound stimulus was used, temporal
processing (using a gap detection task) could be improved
with a reduced peak latency of P50 and N1, which approx-
imates to the alpha-beta range in time frequency. In con-
trast, using similar stimulation parameters, Van Doren et al.
[36] found increased power in 40 Hz ASSR instead. This
discrepancy is likely attributable to the difference in tasks
(auditory gap detection task vs ASSR) as the stimulation
protocol is highly similar across both studies.

Under this framework, the interactive nature of tRNS
can also be observed where tRNS reverses the oscillatory
effect behind certain cognitive functions. For example, pre-
vious studies have revealed a negative correlation between
task performance (e.g., attentional control and response in-
hibition) and TBR [54,55]. Behzadnia, Ghoshuni and Cher-
mahini [56] showed an increase in TBR when participants
performed a visual version of the conjunctive continuous
performance task compared with eyes-open resting EEG.
However, one recent study applying frontal tRNS coupled
with a continuous-monitoring task actually showed reduced
TBR compared with sham stimulation [39]. tRNS-induced
neuromodulation therefore likely depends on the task at
hand and thus yields different (or opposite) results across
studies.

4.2 tRNS can Interact with Individual Receptivity
Another potential interactant of tRNS outcome is in-

dividual receptivity. For example, Van Doren et al. [36]
demonstrated 40 Hz ASSR increase after high-frequency
tRNS over the temporal cortex. However, Schoisswohl et
al. [44] could not replicate the same findings using both
high and low-frequency tRNS. This suggests that tRNSmay
produce various effects between individuals. This idea is
exemplified by a recent study by Rufener et al. [35], who
gave participants either tRNS or white noise while partici-
pants performed an auditory detection threshold task. These
authors observed considerable individual variation in their
receptivity to tRNS, and the inverted U-shape function that
is predicted by stochastic resonance account is only ob-
served in some, but not all, participants. Our exploratory
analyses on individual variations in different frequencies
also support their conclusion.

Like tACS, one factor to consider is participant in-
nate baseline activity (or cognitive performance). Harty
and Cohen Kadosh [39] recently showed that people with
higher TBR baseline could gain more benefit from tRNS

over the right frontal and parietal cortex on a sustained at-
tention task. They suggested that this might be due to the
number of (relatively) more task-relevant subthreshold neu-
rons that are excited by tRNS [39]. In contrast, people with
high mathematic proficiency at baseline do not gain bene-
fits from tRNS andmay even show impaired performance in
calculation tasks [57]. As such, it seems that tRNS-induced
improvement may only be available to those whose neural
or cognitive baseline falls within a specific range, and fu-
ture studies should employ pre-stimulation baseline EEG or
cognitive scores to investigate this possibility.

4.3 Theoretical Implications

Stochastic resonance is a phenomenon that weak sig-
nals can be detected by adding random noise. In vitro stud-
ies also support the noise-enhanced mechanism by reveal-
ing that more action potentials are generated by adding ap-
propriate noises in the dorsal root ganglion and pyrami-
dal neurons [28,29]. Applying adequate levels of noise by
tRNS can optimize the signal-to-noise ratio in our neural
system [58]. However, our results did not show such af-
tereffects of neural enhancement on EEG, suggesting that a
task is important to induce the modulation of brain activity.
This makes sense in our study because tRNS noise with-
out any signal (i.e., task-induced activities) would end up
being unhelpful noise. Our current observations from EEG
are therefore consistent with the predictions of stochastic
resonance account.

A study by Shalev et al. [59] showed that attentional
selectivity can be boosted by combining bi-parietal tRNS
with a spatial priming task. Interestingly, in their study,
tRNS was no longer helpful when the spatial priming task
was eliminated. Moreover, Cappelletti et al. [60] showed
that the effect of tRNS is much smaller when parietal tRNS
is applied alone without the aid of cognitive training. Taken
together, we can infer that tRNS-induced modulation per-
haps needs a specific task to maximize its effects. However,
it is important to note thatmany recent studies have begun to
question the validity of stochastic resonance in the context
of tRNS and sensory/cognitive processing [35]. Although
our null result is well predicted by stochastic resonance,
more research is therefore needed to test how well stochas-
tic resonance predicts other task-related tRNS effects.

4.4 Limitations

Although the present study failed to find any tRNS-
induced changes in resting state EEG, it remains possible
that our study lacked the sample size or statistical power
needed to detect the tRNS-EEG effect, if any. Caution
is therefore required when considering null results as evi-
dence for the absence of an effect. Nonetheless, our sam-
ple size (i.e., 24 in the tRNS condition, 49 in total) is on
par with the sample sizes of most task-related tRNS stud-
ies, which have achieved significant cognitive-tRNS effects
with sample sizes of 8 [30], 10 [25,60], 14 [36], 15 [23,24],
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16 [17,19,41,61], 17 [16], 18 [18], 19 [34], 20 [37,38], and
22 [22,44]. As such, we believe that if there really is an
effect that we could not detect with our sample size, such
effect (if any) is likely to have a much smaller effect size
than those observed from previous task-related EEG stud-
ies. This would be consistent with our current conclusion
that tRNS effect is more robust when a sensory/cognitive
task is present.

Alternatively, it remains possible that other parame-
ters (e.g., montage, current intensity) may be more success-
ful in finding a tRNS-induced resting EEG effect. Although
in this study we did try to match current intensity and ramp
up/down time as did most previous studies, our choice of
fronto-occipital montages (for the purpose of visualizing
the current flow if there was an effect) is somewhat uncon-
ventional. To our knowledge, only one study has used this
setup; Battaglini et al. [62] used fronto-occipital tRNS and
observed increase arousal in a discriminative reaction time
task (also see [63]). Thus, the effect was also task based
in a fronto-occipital design. As such, it remains possible
that different results might be obtained with another set of
montages or parameters.

5. Conclusions

In summary, we tested which frequency bands were
targeted or altered by tRNS. No significant power change
across different frequency bands was observed after tRNS
compared with sham stimulation, suggesting that positive
findings from previous studies may be due to the interac-
tion between tasks and stimulation. A specific task to in-
duce such “baseline signals” (and its subsequent afteref-
fects) is crucial based on our findings and is consistent with
the stochastic resonance account of tRNS. In addition, our
exploratory analyses suggest that neurophysiological fac-
tors such as interindividual variability and baseline perfor-
mance may also need to be considered. Future research on
the neuromodulation effect of tRNS, either demonstrated by
behavior or by EEG, should take this into account so that the
use of tRNS can be optimized.
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