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Transcranial magnetic stimulation (TMS) is
one of the most valuable tools at the disposal
of cognitive neuroscientists due to its ability
to perturb brain function with high tempo-
ral precision. To date, TMS has primarily
been applied to disturb normal processing
nonspecifically, similar to a “virtual lesion.”
Notwithstanding the creative studies that
have allowed researchers to make important
progress using this approach, the usefulness
of TMS could be greatly increased by devel-
oping new applications to modulate specific
features of neural processing.

One particularly promising application
of TMS relates to entrainment of brain ac-
tivity at specific frequencies. It has been
theorized that neuronal oscillation and
synchronization is critical for communica-
tion between separate brain regions (Fries,
2005). In a seminal paper, Thut et al. (2011)
demonstrated that rhythmic TMS at the al-
pha frequency (8—14 Hz, i.e., one pulse ev-
ery 70—125 ms) could be used to “entrain”
brain oscillations in the parietal cortex.
Other studies have shown that such
alpha-frequency rhythmic TMS affects be-
havior (Sauseng et al., 2009; Romei et al.,
2010, 2011).

Recently, in a paper published in The
Journal of Neuroscience, Chanes et al. (2013)
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used TMS to entrain neural oscillations at
higher frequencies. The researchers applied
four consecutive pulses separated by 34 ms
(a stimulation rate of 30 Hz, or high beta
frequency) or 20 ms (a stimulation rate of 50
Hz, gamma frequency). In addition, the au-
thors used two non-frequency-specific con-
ditions that featured a larger gap between
the second and third pulses thus ensuring
that no single frequency was preferentially
entrained. The non-frequency-specific con-
ditions matched the rhythmic TMS condi-
tions for the number of pulses and the total
stimulation duration but not for the rhythm
of application.

Chanes and colleagues (2013) stimu-
lated the frontal eye field (FEF), a region
involved in eye movement and spatial at-
tention. To investigate the behavioral ef-
fects of rhythmic TMS, participants were
asked to complete two tasks. In the first
task, observers judged whether a briefly
presented Gabor patch, a sinewave grating
with a Gaussian contrast envelope, was
tilted in a clockwise or counterclockwise
direction (discrimination task). The Gabor
patch could appear left or right of fixation or
not appear at all. In the second task, partic-
ipants were further asked whether they had
detected the presence of the Gabor patch,
and if so, on which side of the screen it ap-
peared (detection task). Chanes and col-
leagues used signal detection theory (SDT)
to separately investigate the influence of
TMS on perceptual sensitivity (quantified
by the variable d’ that roughly corresponds
to the percentage of correct responses) and
response bias (quantified by the variable 8

that roughly corresponds to the percentage
of “yes” responses). This use of SDT was
needed because d’ and 3 are mathematically
independent, unlike the standard measures
of percentage correct and the percentage of
yes responses that are not independent and
therefore are not suitable for experiments in
which both performance and subjective bias
to respond “yes” are likely affected.

The results revealed selective, frequency-
dependent effects of TMS application on the
detection task. More specifically, the 30 Hz,
high-beta-frequency stimulation led to an
increase in d’, whereas the 50 Hz, gamma-
frequency stimulation led to a decrease in
the criterion 3 (i.e., the tendency to respond
“yes” more often). The non-frequency-
specific conditions did not result in such ef-
fects, thus indicating that these results
depend on the frequency of stimulation and
not just the total stimulation duration. No
significant effects were observed for the dis-
crimination task.

These findings add to a growing litera-
ture demonstrating that the effect of TMS
extends well beyond the virtual lesion
framework. Furthermore, the current re-
sults provide evidence against another com-
mon misconception: that the strength of the
TMS effect depends solely on the intensity
of stimulation and the number of pulses.
Chanes et al.’s (2013) findings demonstrate
that the pattern of TMS pulses influences
the TMS effect, even when the number of
pulses and intensity of stimulation are held
constant.

Nevertheless, the precise mechanisms
of 30 and 50 Hz TMS are still unknown.
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Because TMS was applied to FEF, a central
node of the dorsal attention network, it is
natural to search for an attention-based
interpretation of the results. In particular,
itis possible that 30 and 50 Hz stimulation
generated the behavioral effects described
above by affecting different kinds of atten-
tion. In fact, Chanes et al. (2013) chose
these frequencies in part because previous
research has linked interareal synchrony
in the beta and gamma bands to endoge-
nous and exogenous attention, respec-
tively (Buschman and Miller, 2007).
However, several aspects of the data resist
the simple interpretation that the effects of
the rhythmic TMS in this study are best de-
scribed as enhancing or suppressing differ-
entkinds of attention. For example, only the
30 Hz, and not 50 Hz, condition increased
perceptual sensitivity (d’) but both exoge-
nous and endogenous attention have previ-
ously been shown to do so (Carrasco, 2011).
In addition, the 4’ increase was observed
only for the detection, not for the discrimi-
nation task, but the latter would also be ex-
pected to be affected if TMS acted to boost
attention. Last, the 50 Hz condition induced
a more liberal response bias (i.e., an in-
creased tendency to respond “yes”), but re-
cent psychophysics experiments show
that spatial attention leads to a conservative,
rather than liberal, detection bias (Rahnev et
al., 2011; Wyart et al., 2012).

If 30 and 50 Hz stimulation cannot be
mapped neatly onto the constructs of en-
hancing or suppressing endogenous and ex-
ogenous attention, then perhaps one should
search for an explanation at a more mecha-
nistic level. For example, the two TMS con-
ditions may have affected differently the
communication between FEF and upstream
and downstream regions. In that view, dif-
ferent rhythmic stimulations could trigger
changes in neural activity in different re-
mote areas in the brain. Conversely, it might
be that the effect of TMS did not spread to
remote cortical areas but that rhythmic
TMS at different frequencies preferentially
affected different neuronal populations
within FEF (e.g., in different cortical layers).
Nevertheless, explanations at this point will
remain highly speculative because of our
limited knowledge of the neural effects of
rhythmic TMS. Therefore, it is critical for
future studies to both confirm that 30 and
50 Hz indeed lead to entrainment of neural
activity in the underlying neural tissue and
to investigate whether this entrainment
spreads to remote regions.

One remaining question is how the pres-
ent results relate to other proposed mecha-
nisms for the behavioral effect of TMS. For
example, prior work has suggested that in

certain contexts TMS appears to affect the
strength (Harris et al.,, 2008) or variance
(Schwarzkopf et al., 2011) of the perceptual
signal. It is important to note that the pres-
ent results do not necessarily contradict
these effects. For example, TMS applied af-
ter the stimulus onset might interfere with
the neural oscillations critical for stimulus
processing thus decreasing signal strength.
Similarly, because TMS entrainment inter-
acts with the ongoing neuronal fluctuations
(Hamidi et al., 2009; Thut et al., 2011), TMS
pulses might lead to better or worse process-
ing in trials in which TMS and ongoing fluc-
tuations are in or out of phase. Across trials,
such an interaction could manifest itself as
an increase in signal variability. Therefore,
neural entrainment does not invalidate pre-
vious proposals about TMS affecting signal
strength or variability but rather provides a
potential approach for understanding the
emergence of these effects.

It is also important to consider the rela-
tionship between the frequency of neuronal
entrainment and the task that subjects en-
gage in. Chanesetal. (2013) observed signif-
icant effects of rhythmic TMS on the
detection but not the discrimination task.
Previous studies that applied rhythmic TMS
in the alpha frequency have also found
changes in detection tasks (Romei et al.,
2010) but discrimination tasks have not
been investigated with alpha frequency. It is
likely that rhythmic TMS does not apply to
both types of tasks in the same way, because
detection and discrimination tasks likely de-
pend on fundamentally different computa-
tional mechanisms. Indeed, discrimination
tasks involve the comparison of the activity
of two neural populations in an upstream
area by a downstream, decisional area. On
the other hand, in detection tasks, only one
neural population is involved and the deci-
sion is made based on whether the activity in
that population reaches a threshold.

Future studies should investigate more
systematically the possibility that neuronal
entrainment is particularly effective for de-
tection tasks. Such studies may, however,
need to separate the detection and discrim-
ination tasks in different conditions. The de-
sign used by Chanes et al. (2013) cleverly
combines the two task types, but as a result,
it may not fit well with the assumptions of
SDT that presupposes that the signal and
noise distributions are normally distributed.
Indeed, because stimuli could appear on ei-
ther left or right of fixation, two underlying
signal distributions were present in the de-
tection task. Chanes and colleagues needed
to combine these two distributions into one
by excluding trials in which subjects mistak-
enlyidentified stimuli from one distribution
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as belonging to the other, but this process
may have resulted in a violation of SDT’s
normality assumption. Future studies can
avoid this issue by presenting all stimuli at
fixation or by cuing the side where the stim-
ulus may have appeared and thus making
the design more consistent with the SDT
assumptions.
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