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The visual system can perceive two dis-
tinct flashes presented sequentially as in-
tegrated or segregated, depending on the
temporal interval between them (Hirsh
and Sherrick, 1961; Kristofferson, 1967).
Even when the two stimuli are presented
with fixed interstimulus interval, how-
ever, behavioral performance on the in-
tegrated/segregated task is variable and
modulated by brain oscillations, in par-
ticular the alpha rhythm (8 –12 Hz). For
example, higher alpha-band frequencies
have been found to promote segregation
of two flashes (Kristofferson, 1967; Cecere
et al., 2015; Samaha and Postle, 2015), and
the phase of alpha oscillation also affects the
judgments of order or simultaneity (Varela
et al., 1981; Gho and Varela, 1988).

In a recent publication in The Journal
of Neuroscience, Ronconi and Melcher
(2017) provided compelling evidence sug-
gesting that ongoing oscillations, which
were aligned and modified by sensory en-
trainment, play a critical role in temporal
organization of perception. The task pro-

cedure in this study included two main
parts. First was an entrainment period in
which synchronized audiovisual stimuli
running at different frequencies were used
to align participants’ ongoing neuronal
oscillations to those specific frequencies.
In the first experiment, the entrainment
frequency used for each participant was at
either the lower (8.5 Hz) or upper (11.5
Hz) boundary of the alpha rhythm. The
second experiment recruited another
group of participants, and each of them
was entrained not only at the frequencies
already used in the first experiment, but
also at two additional frequencies in the
theta (6.5 Hz) and beta (14.5 Hz) bands.
After entrainment, participants performed a
two-flash integration/segregation behav-
ioral task, in which two flashes separated
by a fixed short delay were presented, and
participants were asked to report whether
they perceived one or two flashes. To char-
acterize perceptual fluctuations resulting
from entrainment, the time duration/in-
terval between the end of the entrainment
sequence and the presentation of the lead-
ing flash in the behavioral task was varied
between �6 and 262 ms in the first exper-
iment and between 25 and 250 ms in the
second. Consequently, the first flash was
presented at different phases of the oscil-
lation (Fig. 1).

Via sorting all trials by the interval be-
tween the entrainment period end and the
first flash presentation and calculating the

two-flash rate (TFR), the proportion of
times the participants reported seeing two
separate flashes in the integration/segre-
gation task, under each interval, a curve
representing how the TFR fluctuated as a
function of interval/time was obtained.
This fluctuation of behavioral perfor-
mance was termed as perceptual oscilla-
tion by Ronconi and Melcher (2017).
Frequency analysis of the perceptual
oscillation strongly suggested that the
frequency of the entrainment could in-
fluence that of perceptual oscillation. Spe-
cifically, the peak frequency in the power
spectrum of the perceptual oscillation de-
pended on the entrainment frequency
(e.g., 9.05 Hz for the 8.5 Hz entrainment
and 10.86 Hz for the 11.5 Hz entrain-
ment). Frequency analysis also showed
that both above entrainment frequencies
yielded a significant phase concentration,
which means the onset points of percep-
tual oscillation at certain frequency range
were concentrated to a small extent across
all participants. Similar findings were exhib-
ited in the second experiment when the en-
trainment frequency was extended to the
high theta rhythm (6.5 Hz), but not to the
beta band (14.5 Hz).

Although a link between the alpha-
band phase and the performance in the
integration/segregation visual perception
task was clearly demonstrated in the study
by Ronconi and Melcher (2017), how the
alpha-band phase determines the tempo-
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ral relationship of two flashes remains un-
clarified. Two possible mechanisms were
proposed by the authors. One explanation
is that the alpha cycle works as a discrete
temporal window, within which two flashes
are bound together as one flash and across
which they are parsed as two flashes (Va-
rela et al., 1981; VanRullen and Koch,
2003) (Fig. 1A). The other interpretation
is built upon the fact that fluctuations of
neural excitability are determined by al-
pha phase and, as a result, the alpha phase
at which the first flash appeared might de-
termine the results. If the first stimulus is
presented in phases associated with lower
neural excitability, it would be difficult to
distinguish the two flashes. In contrast, if

the first flash falls in the phases associated
with higher excitability, processing of both
targets as well as the interval would be im-
proved, leading to a more accurate percep-
tion of them as two distinct events (Milton
and Pleydell-Pearce, 2016) (Fig. 1B).

Notably, the two explanations as stated
above result in contradictory predictions
about the segregation/integration behav-
ior (Fig. 1A,B), and both of them have
some potential problems in explaining the
results of Ronconi and Melcher (2017).
According to the temporal window inter-
pretation, the integration/segregation per-
formance should fluctuate dramatically as
a function of the interval (Milton and
Pleydell-Pearce, 2016), but the observed

deviation of the TFRs across all intervals is
relatively small in the current study. The
concern with the first-flash-perception in-
terpretation is that alpha phase was mainly
demonstrated to modulate the detection of
near-threshold stimuli (Busch et al., 2009;
Neuling et al., 2012). However, the contrast
value of the target flashes was above thresh-
old in the present study, which means that
the target is expected to induce neural excit-
ability sufficient to overcome the inhibitory
effects of certain phases in alpha cycles, in
which case flash detection would not be
modulated by the ongoing alpha rhythm.

I would like to propose an alternative
interpretation by focusing on the percep-
tual detection of the blank interval (i.e.,

Figure 1. Illustrations of three possible explanations for the results of the study by Ronconi and Melcher (2017). A, Time window hypothesis. Alpha cycle works as a discrete temporal window,
within which two flashes are bound together as one flash and across which they are parsed as two flashes. B, First-flash-perception hypothesis. If the first stimulus is presented in a phase associated
with lower neural excitability level (blue), two flashes are perceived as one. If the first flash falls in an excitability phase (red), more accurate perception allows participants to perceive target flashes
as two distinct events. C, Interflash blank perception interpretation. If the interflash blank largely falls in phases with lower excitability, it is less likely to be detected, allowing two flashes to be
perceived as integrated. If the blank mostly falls in phases with higher excitability, the two flashes are perceived as segregated.
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between two flashes) and its involvement
in integration/segregation performance
(Fig. 1C). As stated by the authors, unlike
the contrast value of target flashes, the
time interval between two target flashes
was set at a near threshold value to maxi-
mize perceptual alternations. Given that
there is no difficulty in detecting two tar-
get flashes individually, perceiving them
as simultaneous or asynchronous would
presumably be determined by the ability
to perceive the interval between them.
Successful detection of the blank interval
would lead to a “two flash” perception
(“segregation”), whereas failure to per-
ceive the blank interval would result in
“one flash” perception (“integration”). It
is widely believed that the trough of alpha
oscillation is associated with the strongest
release of neural inhibition, which would
promote the processing of incoming stim-
uli (the blank screen in this case) (Jensen
et al., 2012, 2014; Song et al., 2014; Jia et
al., 2017). Thus, in the study by Ronconi
and Melcher (2017), participants would
be able to discriminate the two flashes
only if a sufficient portion of the interflash
blank interval was detected.

This explanation nicely aligns with the
findings of Ronconi and Melcher (2017)
in several aspects. One particular one is
that the duration of the blank interval be-
tween two target flashes was 44 ms, and
the negative phase duration for 8.5 Hz and
11.5 Hz entrainment conditions was 59.5
ms and 43.5 ms, respectively. Consequently,
there is higher probability that the blank
interval would fall in negative phases of
the oscillations induced by the 8.5 Hz en-
trainment than by the 11.5 Hz. Therefore,
higher averaged TFR across all intervals
would be found in the 8.5 Hz entrainment
condition than in the 11.5 Hz entrain-
ment condition, consistent with the ex-
perimental results. However, based on the
current proposed explanation, theta (6.5

Hz) entrainment with a wider window of
negative phases was supposed to induce
higher averaged TFR than alpha-band en-
trainment conditions, which is incongruent
with the actual results in the Ronconi and
Melcher (2017) study. The main reason
for the absence of better overall discrimi-
nation performance for theta (6.5 Hz)
entrainment is that the inhibitory mecha-
nism is proved mainly specific to alpha-
band oscillations (Romei et al., 2010).

Overall, the study by Ronconi and
Melcher (2017) provides strong evidence
supporting the crucial role of the phase of
the alpha-band oscillations in temporally
organizing sequentially presented flashes.
However, the mechanism underlying this
effect (Fig. 1A–C) remains to be clarified.
To address the issue, one possible approach
could be considered in the future studies
is to sample the integration/segregation at
more temporal points after the entrain-
ment sequence, and then comparing the
performance when targets are presented
in specific time points/phases, as demon-
strated in Figure 1. In addition, a larger
number of entrainment frequencies within
and outside of the alpha range could be used
to estimate whether the critical role of phase
in temporal organization is specific to
alpha-band oscillation or could be extended
to other rhythms. These research direc-
tions would provide a deeper understand-
ing of how the brain processes incoming
information to perceive visual stimuli.
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