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Background: The effect that transcranial direct current stimulation (tDCS) has on discrimination of
coherent motion (CM) signals in a field of randomly moving dots (noise) can be accounted for by both
noise reduction and signal enhancement.
Objective: To distinguish between noise reduction and signal enhancement, we monitored the
discrimination of the correct CM direction as a function of the coherence level (using the psychophysical
method of constant stimuli). We then analyzed the threshold and slope parameters.

; Method: Thirty observers participated in the experiment; fifteen received cathodal stimulation, and
Keywords: . . .
DCS fifteen received anodal stimulation, all over left V5.
Results: The results showed that, rather than having opposite effects on CM discriminability, the posi-
tive- and negative-polarity tDCS over V5 affected the two parameters differently. When compared to a
sham stimulation, anodal tDCS reduced the threshold, thus indicating signal enhancement. On the other
hand, cathodal tDCS reduced the steepness of the slope (with better performance at low levels of
coherence) compared to the sham stimulation, thus indicating noise reduction. Moreover, the results
showed that late perceptual learning improved the participants’ performance at medium/high CM
similar to what anodal tDCS did.
Conclusion: These results suggest a dissociation between the neural mechanisms responsible for
enhanced CM discriminability: reduction of noisy or uncorrelated motion by cathodal tDCS versus
increased activation of weakly correlated motion signals by anodal tDCS or perceptual learning.

© 2017 Elsevier Inc. All rights reserved.
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Introduction

Transcranial current stimulation (tES) has been extensively
investigated in the past decade, as it offers a noninvasive and safe
method to change cortical excitability. It alters neurons' sponta-
neous firing rates, leading to changes in synaptic efficacy and
modulations of the responses to afferent signals [1—4]. One such
type of stimulation, transcranial direct current stimulation (tDCS),
generally induces opposite changes in spontaneous activity: Cath-
odal stimulation (c-tDCS) decreases cortical excitability, whereas
anodal stimulation (a-tDCS) increases it. However, the modulation
of neural activity by tDCS is far more complex than such a simplistic
view would imply [5,6]. In particular, the role of tDCS in the
detection and discrimination of visual stimuli is currently under
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debate. The inhibitory effect that c-tDCS has on visual perception is
inferred from the findings that c-tDCS increases psychophysical
thresholds in visual tasks [7—10] and reduces visual noise [11].

However, these psychophysical data are not always consistent
with the modulatory effects that c-tDCS has on the amplitude of the
visual evoked potential (VEPs) components that these tasks elicited
[10,12,13]. The a-tDCS effect appears to be even less obvious. For
example, the psychophysical data showed that a-tDCS reduced the
suppressive effects of a visual surround [14]; however, it had a null
effect in a contrast sensitivity task [ 7] and in a visuomotor task [11].
In addition, a-tDCS has been reported as having both facilitatory
[10,13] and inhibitory [12] neural correlates to the visual response.
These apparently contradictory findings suggest that the effect of
tDCS depends on the interaction of the activity in the stimulated
area and the task characteristics [15].

Coherent motion (CM) is a stimulus that is often used to
investigate the effect of tDCS on perception [11]. Perception of CM is
typically obtained by presenting a field of small, moving dots, some


Delta:1_given name
Delta:1_surname
Delta:1_given name
mailto:luca.battaglini@unipd.it
http://crossmark.crossref.org/dialog/?doi=10.1016/j.brs.2017.04.128&domain=pdf
www.sciencedirect.com/science/journal/1935861X
http://www.journals.elsevier.com/brain-stimulation
http://dx.doi.org/10.1016/j.brs.2017.04.128
http://dx.doi.org/10.1016/j.brs.2017.04.128
http://dx.doi.org/10.1016/j.brs.2017.04.128

774 L. Battaglini et al. / Brain Stimulation 10 (2017) 773—779

of which coherently move in the same direction as the rest move
randomly. Dots carrying a specific motion signal are correlated in
both space and time, as they are replotted with a fixed spatial offset
after a fixed temporal interval; they thus generate a global motion
percept [16]. Antal and colleagues [11] found that tDCS did not have
a complementary effect on MT+/V5 in the condition of coherently
moving dots; although c-tDCS enhanced performance, a-tDCS had
no effect. They suggested that, in the presence of uncorrelated
motion, the effect of a-tDCS cannot be detected; this is likely
because the increase in cortical excitability enhances the response
to both correlated and uncorrelated signals, leaving the signal-to-
noise ratio unchanged. However, c-tDCS improved performance,
as expected; it decreased the global excitation level, depressing the
uncorrelated motion so that it was under the threshold while
leaving the correlated motion above the threshold [11].

Because both the psychometric response in the sensory system
and the neurometric response in the MT+/V5 neurons are often
described by sigmoid functions [17—19], one might question
whether the effects of c-tDCS and a-tDCS would occur at different
coherence levels, ranging from chance to ceiling performance.
Antal and colleagues [11] looked at the effect that tDCS had in a CM
task on one point of the function. They found that a-tDCS had an
effect under 100% coherence, a condition that reflects the response
to a single neuron's preferred direction rather than the weighted
response of both preferred and null directions [18].

Investigating the accuracy of the data relative to a wide range of
coherence levels reveals information about how c-tDCS and a-tDCS
affect performance at both low and high coherence levels. The
simplest prediction is that a single mechanism accounts for the
effects of both c-tDCS and a-tDCS, thus affecting discriminability in
opposite ways by (respectively) increasing and decreasing the
threshold parameter. However, an intriguing hypothesis is that the
effects of c-tDCS and a-tDCS result from different mechanisms, with
c-tDCS enhancing discriminability by selectively modulating the
response to uncorrelated motion (with low signal-to-noise ratios)
and a-tDCS doing so by selectively modulating CM (with medium to
high signal-to-noise ratios).

At low coherence levels, one prediction is that c-tDCS will reflect
into a less steep psychometric function [11] (because of its better
performance at lower levels of CM) and will have little or no effect
on the threshold [20] when the data are fitted. The slope change
reflects the system's dynamic range of coherence; a steeper slope
indicates a more restricted dynamic range [20]. On the other hand,
a-tDCS modulation of the response to correlated motion signals is
predicted to reflect into a lower threshold but have almost no effect
on the slope. To test these predictions, we analyzed the individual
performance with a combination of parametric methods [21],
nonparametric methods [22], and signal-detection theory [23].

Method
Participants

Thirty healthy students with normal or corrected-to-normal
vision were recruited from the University of Padova. Exclusion
criteria included history of psychiatric disorders, drug abuse, active
medication, pregnancy, and susceptibility to seizures. Participation
in the study was voluntary, and individuals were naive to both the
experimental procedure and the purpose. Participants were
randomly assigned to one of two groups: c-tDCS (seven males and
eight females) and a-tDCS (eight males and seven females).
Informed consent was obtained from all participants, and the study
was conducted in accordance with the Declaration of Helsinki
(1964). The experimental methods received ethical approval from
the University of Padova (protocol 1756).

Stimuli and apparatus

Participants were placed in a dimly dark room and seated 57 cm
away from the display screen. Viewing was binocular. Stimuli were
generated with Matlab Psychtoolbox [24—26] and displayed on a
19-inch Asus monitor with a refresh rate of 60 Hz. The screen
resolution was set to 1920 x 1080 pixels, and each pixel subtended
~1.5 arcmin. The luminance of the background was 0.7 cd/m? The
stimulus was a square window of 10 deg that was filled with 200
moving white dots, each 0.075 deg in diameter (density: 2 dots/
deg?). CM resulted from a temporal sequencing of 8 frames: In the
first frame, the dots were randomly positioned within the square
window, and they were then displaced by 0.05 deg in each subse-
quent frame (i.e., Brownian motion [27]), producing a speed of 3
deg/s. The stimulus was displayed 10 deg to the left or to the right of
the center of the screen for 133 ms (8 frames at a frame duration of
16.67 ms). The stimulus duration was short enough to prevent both
covert attentional tracking and saccadic eye movements toward the
target position [28—30]. The dots had a limited lifetime; in each
frame, 1/5 of them were reallocated to a random position, so the
maximum dot lifetime was 83.3 ms. In addition, moving dots that
traveled outside the window were replaced by new dots at
different, randomly selected locations within the square window,
thus keeping the density constant.

The dots' coherence (motion in the same direction) varied at
seven levels across the trials: 10, 20, 30, 40, 50, 60 and 70%. The
direction of the coherently moving dots was randomly fixed as
being upward or downward; the other dots moved in random
directions.

Procedure

After a few practice trials to become familiar with the task, the
participants performed two experimental sessions on the first day
(Day 1). Each session consisted of a 12-min stimulation interval,
immediately followed by the CM discrimination task. The two
sessions were devoted to either c-tDCS or a-tDCS (depending on the
group) and to sham stimulation. The order of the stimulation ses-
sions was randomized. The same procedure was repeated during
the same hour on Day 2 so to check the effect of tDCS within a 24-h
interval. The left hemifield was stimulated and the psychophysical
task was performed with stimuli that were randomly presented in
either the left or the right hemifield. The method of constant
stimuli was used to fit the psychometric function, modeling the
relationship between the motion-direction discrimination and the
coherence levels. Each of the four blocks consisted of 140 trials: 7
levels of coherent dots x 2 positions (right and left) x 10 repeti-
tions; the total duration (stimulation + task) was about 23 min. In
each trial, the participants were required to fixate on a white cross
that was placed at the center of the screen. The stimulus then
randomly appeared for 133 ms to the left or to the right of the
fixation point; this stimulus duration was too short to allow for
saccadic eye movement toward the target position. The partici-
pants' task was to indicate (by pressing a button) whether the
coherent dots moved upward or downward.

Transcranial direct current stimulation

A battery-driven constant-current stimulator (BrainStim, EMS)
delivered the tDCS through a pair of conductive rubber electrodes
in a 5- to 7-cm water-soaked synthetic sponge. The electrode
montage comprised one over the vertex (Cz), as in previous studies
[11,12,31], and another over left V5/MT (3 cm above and 5 cm to the
left of the inion); the polarity refers to V5/MT (V5/MT — Cz
montage). The tDCS and sham stimulations were applied, in a
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randomized order, for 12 min each (+30 s of fade in/out) at an in-
tensity of 1.5 mA. In the sham session, the current was delivered
only for the first 30 s and the last 30 s of the 12-min session. After
24 h, the participants were retested with the same protocol.

Statistical analysis

As a first step, the individuals' data were fitted to the pro-
portions of correct CM discrimination as a function of coherence
levels. However, the logistic function-fitting [21] did not converge
to suitable estimates for the parameters; it generated negative es-
timates for a few individuals. Therefore, threshold parameters («)
were estimated individually by means of the Spearman-Karber
method, which is a reliable nonparametric method for estimating
threshold values without assumptions about the nature of the
psychometric functions (for an application to the two-alternative
forced choice (2AFC) case, see Ref. [22]). The slope-parameter
estimation was instead performed within a signal detection
framework through an analysis of the linear fitting [32] of the
discriminative sensitivity (d’) in the 2AFC case. Correct responses
with upward CM were considered hits, and reports of upward CM
when the coherent dots were moving downward were considered
false alarms (see, e.g., Macmillan and Creelman [23]).
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Results
Effect of c-tDCS

The results shown in Fig. 1 indicate that the threshold is unaf-
fected by c-tDCS and that the slope is less steep in the right visual
field when left MT+/V5 was stimulated than when was not stim-
ulated (sham). This suggests c-tDCS provides selective improve-
ment in motion-direction discrimination at low signal-to-noise
ratios. Such a result is well-expressed by the slopes of the d’ data as
a function of coherence levels. Table 1 shows the averages and SDs
of the threshold (a) parameters, as estimated using the Spearman-
Karber method, and the averages and SDs of the slope parameters
obtained for d’ divided by day, laterality, and tDCS conditions (sham
vs. c-tDCS).

ANOVA was conducted on the estimated thresholds that were
obtained using the Spearman-Karber method, with the Day (Day 1
vs Day 2), Laterality (right vs. left), and tDCS (sham vs. c-tDCS) as
the main factors. Only the factor Day had an effect (F114) = 11.37;
p = 0.005; 1%, = 0.45).

The ANOVA carried out on the slopes fitted to d’ revealed a
significant effect of tDCS (F114) = 8.1; p = 0.013; nzp =0.37)and a
significant interaction of tDCS x Laterality (F(1,14) = 7.77; p = 0.015;
nzp = 0.36). Bonferroni-corrected pairwise comparisons indicated
that the slopes, when linearly fit to d’, were less steep in the tDCS
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Fig. 1. d’. Each graph compares the linear fittings of the d's obtained in the sham and c-tDCS conditions. Empty circles represent the mean d’ values for the 15 participants in the
sham condition, and black circles represent the mean d’ values obtained with c-tDCS. Left and right indicate the positions of the stimuli in the visual field.
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Table 1

The average values of the « (threshold) and g (slope) parameters and their estimated
standard deviations are calculated with the Spearman-Karber method and with the
linear fitting of d’. The values are divided into day, laterality, and c-tDCS conditions.

Day 1 Day 2

aSK  SDaSK fd SDAd aSK SDaSK Bd SDEd
s-left 543 5.1 025 0.17 451 4.7 034 0.18
t-left 55 5.2 026 0.24 47 4.5 029 0.19
s-right  54.3 5.2 031 0.27 459 438 042 0.16
t-right 51.26 5.2 022 0.17 406 4.7 022 0.22

than in the sham condition, but only when the stimulus was pre-
sented in the right visual field (p < 0.001). Analyses of the criterion
C did not reveal any significant effect.

Finally, the effect that stimulation order had on thresholds and
slopes was analyzed with an ANOVA that had one between-
subjects factor (the Order: tDCS-sham vs. sham-tDCS) and two
within-subjects factors (Laterality and tDCS). Neither the main
Order effect nor its interactions were significant.

These results indicate a selective effect of c-tDCS at low signal-
to-noise ratios, which in turn suggests that noise reduction in-
creases motion-direction discriminability.
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Effect of a-tDCS

Fig. 2 shows higher d’ for a a-tDCS than in the sham stimulation
when the stimulus is presented in the right visual field, especially at
medium and high levels of coherence. This result is compatible
with a threshold reduction (but no change in slope) in the stimu-
lation condition. Table 2 shows the averages and SDs of the slopes
and thresholds for each day, laterality, and tDCS condition.

As for the c-tDCS data, repeated-measures ANOVAs were per-
formed with the Day, Laterality, and tDCS as main factors. The
ANOVA of the threshold data shows significant effects for Day
(F14) = 8.77; p = 0.01, nzp = 0.39), laterality (F114) = 5.8,
p = 0.004, nzp = 0.29), and tDCS (F(114) = 12.12; p = 0.004;
nzp = 0.46). More importantly, the tDCS x Laterality interaction is
significant (F(114) = 11.9; p = 0.004; nzp = 0.46), indicating lower
thresholds for tDCS than in the sham, but only when the stimulus
was presented in the right visual field (p < 0.001).

The ANOVA for the slopes of the data linearly fit to d’ (Fig. 2)
revealed an effect only for Day (F(114) = 22.76; p < 0.001;
nzp = 0.61), thus indicating steeper slopes on Day 2 than on Day 1.
Analyses of the criterion C did not reveal that the stimulation had
any significant effect. Finally, the effect that the stimulation order
had on the thresholds and slopes was analyzed with an ANOVA that
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Fig. 2. d’. Each graph compares the linear fittings of the d's obtained in the sham and a-tDCS conditions. Empty circles represent the mean d’ values for the 15 participants in the
sham condition, and black circles represent the mean d’ values obtained with a-tDCS. Left and right indicate the positions of the stimuli in the visual field.
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Table 2

The average values of the « (threshold) and g (slope) parameters and their estimated
standard deviations are calculated with the Spearman-Karber method and with the
linear fitting of d’. The values are divided into day, laterality, and a-tDCS conditions.

Day 1 Day 2

«SK SDaSK fd SDBd «SK SDaSK fd SDAd
s-left 62.8 5.64 0.21 0.16 57.1 5.01 033 0.17
t-left 60.8 5.79 0.13 0.23 55.8 539 027 0.18
s-right  62.3 5.77 0.19 0.18 582 5.29 0.27 0.16
t-right 5046 4.71 0.25 0.19 442 501 0.28 0.19

used one between-subjects factor (the Order: tDCS-sham vs. sham-
tDCS) and two within-subjects factors (Laterality and tDCS).
Neither the main order effect nor its interactions were significant.

Thus, as with c-tDCS, a-tDCS increases CM discriminability;
however, unlike c-tDCS, a-tDCS has an overall effect.

Polarity effects

The distinct effects of c-tDCS and a-tDCS were further analyzed
using a mixed-design ANOVA with Group (a-tDCS vs. c-tDCS) as a
between-subjects factor and with Stimulation (sham vs. real), Lat-
erality (left vs. right), and Day (Day 1 vs. Day 2) as within-subjects
factors. The ANOVA for the threshold values obtained with the
Spearman-Karber method revealed significant effects for Day
(Fa128) = 19.65; p < 0.001, nzp = 0.4), Laterality (F1.28) = 8.17;
p = 0.008; nzp = 0.23), and Stimulation (F128) = 7.07; p = 0.013;
nzp = 0.2). The Group x Laterality x tDCS interaction did not reach
overall significance (F(12s) = 1.97; p = 0.17; n?, = 0.07); however,
the planned (Bonferroni-corrected) t-test comparisons showed that
the group stimulated with a-tDCS in the right visual field obtained
lower thresholds than it did in the sham stimulation (p < 0.001).

The ANOVA for the slopes showed significant effects for Day
(F(1,28)=13.99; p = 0.001; nzp =0.33) and Stimulation (F(128) = 6.2;
p = 0.019; nzp = 0.18). Moreover, there was a significant three-way
Group x Laterality x tDCS interaction (F(128) = 8.48; p = 0.007;
nzp = 0.23). Pairwise (Bonferroni-corrected) t-test comparisons
show that, only for the group that was stimulated with the c-tDCS,
the slope was shallower with real stimulation in the right visual
field than with sham stimulation (p = 0.04). This suggests that,
when the stimulus was presented in the right visual field, c-tDCS
reduced slope steepness but a-tDCS did not.

Perceptual learning effects

The effects of tDCS may interact with perceptual learning (PL). A
possibility is that tDCS effects are boosted by perceptual learning
(PL). We addressed this issue in two ways.

First, we disentangled the effects of PL and tDCS. Because we
obtained no tDCS effect when the stimulus was presented in the left
visual field, we used the thresholds and slopes obtained in this
condition to further investigate the early (within-day) and late
(cross-day) PL effects. To this end, we computed both early-PLy,-
dulation and late-PLyoduiarion for the thresholds and slopes: early-
PLinodulation = log1o(Block2/Block1) and late-
PLnodulation = logio(Day2/Day1). For the threhsolds a value of
PLmodulation < 0, when confirmed by a one-sample t-test, indicates
that the PL improves performance; whereas a PLyodulation > 0 in-
dicates impaired performance. The results showed that the early-
PLmodulation Never differed from 0, indicating the absence of early-
PLodulation ©N both days (Day1 and Day 2) and in both groups (a-
tDCS and c-tDCS). However, when the data were averaged across
blocks and used to compute late-PL;odulation, an effect was found
(Fig. 3); the late-PLyodulation Of the threshold was significantly lower
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Fig. 3. PL modulation. The PL modulation—Logo(Day2/Day1)—is calculated for the
thresholds (using the Spearman-Karber method) and for the slopes of the d’ linear
fitting. The PL modulation for the thresholds is negative, indicating a threshold
reduction from Day 1 to Day 2.

than 0 (t29) = 2.64; p = 0.013). The late-PL modulation was further
confirmed by the result of a steeper d’ slope (indicating better
performance) on Day 2 (t29) = 3.41; p = 0.002).

Second, we assessed whether the tDCS interacted with the
early-PLyodulation- TO this end, the early-PLyoduiation Of both thresh-
olds and slopes, which were obtained for the various day, group,
laterality, and stimulation-order conditions, were analyzed using
one-sample t-tests. In the c-tDCS group, the early-PLyoduiation Of the
thresholds never differed from 0, and the early-PLy;oquiation Of the
slopes was significant only on Day 2 and only with the stimulus
presented in the right visual field. Indeed, in this condition, we
obtained a logqo(sham/tDCS) higher than 0 (tg) = 2.7; p = 0.027) in
Block 1, indicating relatively flat slopes with tDCS; we also obtained
a logio(tDCS/sham) lower than 0 (t5) = 3.7; p = 0.013) in Block 2,
indicating, again, relatively flat slopes with tDCS.

With anodal stimulation, we found an early-PLyoduiation Of
thresholds but not of slopes. Indeed, for thresholds, the logio(sham/
tDCS) was higher than 0 in Block 1, an effect that reached signifi-
cance on Day 1 (fg) = 2.85; p = 0.021). On the other hand, the
log1o(tDCS/sham) was lower than O in Block 2, an effect that
reached significance on Day 2 (f5y = 2.97; p = 0.031). Both these
effects indicated a relatively low threshold with tDCS. Altogether,
these results indicated that the tDCS affected the performance
regardless of the stimulation order, thus confirming that no within-
day PL occurred.

Discussion

To assess the effects of tDCS over left MT+/V5, participants took
part in a 2AFC task in which they had to discriminate CM direction
(up vs. down). Slopes and thresholds were estimated in relation to
stimulation type (sham vs. tDCS), visual field presentation (left vs.
right) and day (Day 1 vs. Day 2). The results revealed that, for
stimuli presented to the right of the fixation point on Day 2, c-tDCS
produced a modulation of the slope of the linear fitting [32] for
discriminative sensitivity, but not for the threshold. This indicated
that the stimuli improved accuracy at low levels of coherence, with
high noise with respect to the signal. Conversely, for the same
stimulus position, a-tDCS led to threshold reduction, as estimated
by the Spearman-Karber method. The different effects of c-tDCS
and a-tDCS stimulation on threshold and slope were further high-
lighted in a direct investigation of the polarity effect and through a
comparison of the sample performances in the two stimulation
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conditions. The analysis carried out with regard to d’ and the effects
produced by the stimulation's polarity had the same results.

By analyzing performance as a function of coherence levels
[17,18,33,34], we demonstrated, for the first time, that both a-tDCS
and c-tDCS improve CM discriminability. In addition, we found a
dissociation in the modulatory effects of a-tDCS and c-tDCS in CM
discrimination. These results ruled out the most obvious hypothesis
in which, if c-tDCS reduces noise, a-tDCS increases it (thus reducing
CM discriminability). Alternatively, our results suggested that the
improved discriminability of a-tDCS and c-tDCS were due to
different mechanisms. In agreement with previous researchers [11],
we suggest that the c-tDCS-dependent improvement might be
explained by c-tDCS reducing the firing rate, thus depressing the
uncorrelated motion under the threshold and leaving the corre-
lated motion above the threshold (and consequently increasing the
signal-to-noise ratio). This may be a consequence of the fact that
the MT neurons tuned to CM exhibit a broad range of direction-
tuning bandwidths: between 32 and 186 deg [35]; these neurons
can also respond to directions of motion that differ from the di-
rections of the correlated dots. This reduces, by a constant amount,
the probability that detector(s) tuned to correlated motion will
respond to directions that are different from the optimal one (an
outcome that is compatible with an increase in the response of
GABAergic neurons by c-tDCS [35]). This would result in an increase
in the signal-to-noise ratio, with the correlated motion activating a
consequent sharpened tuning of the detector(s). In other words, a
sharpening of the direction-tuning (caused by c-tDCS) would result
in improved direction discrimination. Thus, the effect of tDCS can
be explained by the local neuronal response to CM.

To explain the a-tDCS effect, a simple modulation of local,
single-channel response is not comprehensive. Indeed, if a-tDCS
increased the response of the neurons that were broadly tuned to
the correlated motion, this would also increase both the coherent
and incoherent signals, leaving a low signal-to-noise ratio. When
explaining the a-tDCS effect, it might then be relevant to consider
the evidence [33,34,36] that the estimated threshold may depend
on the number of active detectors with different tuning functions.
The task of selectively discriminating the direction of motion in-
creases the activation of those neurons that are tuned to either
correlated motion or the directions that moderately diverge from
the test directions [33,37]. Jazayeri & Movshon [33] showed that
left-right motion discrimination in a CM display relies mostly on
the neurons that are tuned to correlated motion. Because of the
system's internal noise, it is conceivable that, whereas some such
detectors manifest above the threshold activation for target dots in
a CM display, others do not reach the threshold. Thus, a-tDCS, by
modulating (increasing) the probability of the firing rate, would
activate more detectors tuned to correlated motion. In particular,
even those that do not reach the threshold in the absence of
stimulation may reach it as a consequence of a-tDCS stimulation.
Hence, a-tDCS would increase the signal more than the noise, thus
causing an increase in the signal-to-noise ratio, as reflected by a
threshold reduction. Our results allow us to associate the tDCS ef-
fect to specific neural mechanisms that modulate the response of
MT cells to CM: either pooling or increasing the tuning of the
neurons that are responding to correlated motion. This accounts for
the improved CM discrimination. Similar modulatory effects have
been reported with the use of Transcranial Magnetic Stimulation
(TMS) to target specific neural populations [38] and with low-
intensity TMS, which has been shown to facilitate detection of
relatively low CM; this result can be interpreted as an effect of
stochastic resonance, through which the optimal level of noise
pushes weak subthreshold signals across the threshold [39].

This result (in which tDCS has a selective effect for a stimulus
presentation to the visual field that is contralateral to stimulation)

is of methodological relevance, considering that interpretations
based on sham-tDCS differences alone can be disputable. Indeed,
researchers have found that participants sometimes can distinguish
the real stimulation from the sham [40]. However, coupling the
sham-tDCS difference with the result that occurred only with
stimuli that were presented contralateral to the stimulation ap-
pears to both strengthen the evidence for a control-stimulation
difference and eliminate the observer's expectation bias. We did
not deliver tDCS to the right hemisphere, but we would have ex-
pected an effect on motion discrimination to the left hemifield. This
is because a large number of studies have shown that left stimu-
lation produces a greater modulation of the visual motion task than
does right stimulation [41,42] and that TMS over the left MT pro-
duces more reliable [43] phosphenes than TMS over the right MT,
thus indicating that the left area is more responsive when stimu-
lated than the right.

With both ¢-tDCS and a-tDCS, participants showed better per-
formance on Day 2, suggesting a PL effect. Specific analysis of the PL
revealed a cross-day (late-PL) effect on the threshold (in agreement
with previous results [44]) and an increase in the slope of the linear
fitting of d’. These results indicate that late-PL works similarly to a-
tDCS, with both producing a signal enhancement.

In conclusion, our evidence regarding the possible mechanisms
underlying CM modulation by electrical stimulation could have
relevant clinical implications, as CM has been shown to play a
crucial role in both the diagnosis and the rehabilitation of visual
disorders during the life span [45—47].
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