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Cheadle S, Parton A, Miiller HJ, Usher M. Subliminal gamma
flicker draws attention even in the absence of transition-flash cues. J
Neurophysiol 105: 000—000, 2011. First published December 8,
2010; doi:10.1152/jn.00357.2010. We recently reported evidence in-
dicating that selective attention is deployed to a target location in a
multiobject display, when the target event (a change of one of the
objects) is preceded by subliminal flicker in the gamma range.
However, concerns have been raised regarding the stimuli used in this
study and the possible contribution of an artifactual cue: a “transition
flash” between pretarget flicker offset and target onset. Here, we
report a series of experiments investigating the existence and potential
contribution to selective attention of this transition-flash cue under
different presentation conditions. We find that, although the transition
flash is a real phenomenon (detection rates = 15% > chance), it
cannot, on its own, explain the original effects of gamma flicker on the
response time to target detection. Even after eliminating this flash,
detection was significantly faster, or more accurate, for targets pre-
ceded (vs. not preceded) by flicker. This congruency effect (=15 ms)
demonstrates that gamma flicker on its own is sufficient to engage
selective attention. This interpretation is further strengthened by a
reevaluation of /) experiment 7 reported by van Diepen and col-
leagues and 2) the validity effect experiment reported by Bauer and
colleagues. Possible reasons for the discrepant results are also
discussed.

INTRODUCTION

Increased neural synchronization in the gamma-band has
been proposed to mediate visual attention (Fries et al. 2001;
Niebur et al. 2002; Womelsdorf et al. 2006). Recently, we
reported psychophysical results supporting this proposal
(Bauer et al. 2009). In a series of experiments, we found that a
subliminal 50-Hz flickering Gabor patch, among two nonflick-
ering patches, affects the speed with which one can detect a
subtle spatial-frequency (SF) change in one of the patches:
detection is faster when the target occurs at the flicker, rather
than a nonflicker, location (Fig. 1). Based on the overall pattern
of results, we proposed an unconscious attentional account for
this congruency effect (CE): the 50-Hz flickering patch en-
gages an attentional mechanism, giving rise to faster detection
of subtle changes at its location. We interpreted this as support
for the neural-synchrony attention mechanism.

This interpretation has been challenged by van Diepen et al.
(2010) who carried out a number of experiments using the
same paradigm with some minor variations. Although they

Address for reprint requests and other correspondence: S. Cheadle, Labo-
ratory of Neurobiology, Department of Cell and Developmental Biology,
University College London, London, WC1 E6BT, UK (E-mail: s.cheadle
@ucl.ac.uk).
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replicated the 50-Hz CE, they argued that this effect is due to
a nonsubliminal cue, unrelated to oscillatory neural synchro-
nization: an “illusory transition flash” that occurs at the tran-
sition between the 50-Hz flicker preview and the 100-Hz target
presentation or, simply, due to the fact that the flicker itself was
not truly subliminal. Here we seek to address this important
issue. We agree with van Diepen et al. (2010) that a transition
flash is “perceptible” during the transition between the flick-
ering 50-Hz preview and the 100-Hz target, although this
percept was very weak in our original setup (see DISCUSSION).
However, we disagree with the proposal that this flash, or
supraliminal flicker, completely mediates the CE. To show this,
we report new data, free of influences of such cues and
replicating the 50-Hz flicker CE. Furthermore, we argue that
the results reported by van Diepen and colleagues (2010) are
also consistent with our original interpretation.

As explained by van Diepen et al. (2010) in our original
experimental paradigm, the target Gabor undergoes a transition
from the 50-Hz preview, where the patch is shown at contrast
range 0 to A (= maximum contrast), to 100-Hz, where it is
shown at contrast A/2 (Fig. 1B). This altered contrast range for
the target results in the same perceived contrast as that of the
other patches (always shown at 100 Hz with contrast A/2); at
the transition, however, there are two frames (either side of the
transition) that sum to a value that is different from A/2,
causing an illusory transition flash. The effect is subtle and, in
our original study, it was not noticed by the experimenters or
reported by any participants. In our setup, one can observe it
clearly only by fixating on the critical patch. In this task,
however, observers fixate the center of the display, which is 6°
from each of three patches and therefore randomly fixating on
one of the potential target patches would be a nonoptimal
strategy. Nevertheless, the presence of this flash (albeit weak)
may act as a cue capturing attention. Thus as van Diepen et al.
(2010) point out, to know whether the 50-Hz flicker triggers
attentional selection as a result of gamma-band neural syn-
chrony entrainment (Bauer et al. 2009) it is crucial to ascertain
that the CE we originally reported is observed, even in the
absence of such potentially confounding cues. The study by
van Diepen et al. (2010) is thus important, both for noticing
this illusory transition flash and for motivating further experi-
ments to test whether attentional selection is indeed influenced
by gamma-band flicker.

The main results that led van Diepen et al. (2010) to a
negative conclusion regarding a role of 50-Hz flicker for
attentional selection were the following: /) they found that

observers are able to detect the transition flash at a level higher AQ: A
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Experimental setup used in Bauer et al. (2009). A: the stimulus, 3 Gabors of random orientation, are presented for a 1-s preview, after which one of

the Gabors undergoes a subtle change in spatial frequency (SF) for another 600 ms and observers have to report its location as fast as possible. B: the temporal
modulation (50-Hz flicker) that is applied to one of the 3 Gabors during the 1-s preview (A = maximum contrast); only the last 7 frames of the flicker sequence
are shown, spanning the period 930—1,000 ms. The other 2 Gabors are not modulated (i.e., they are presented at the screen refresh rate of 100 Hz, with constant
contrast = A/2; the monitor is gamma corrected). The target (SF change) can appear either at the same location as the flickering Gabor (congruent) or at a different

location (incongruent).

than chance (54%, with chance level being 33%); 2) they found
that observers were also able to detect the 50-Hz flicker (in the
absence of a transition flash) better than chance (40%; they
suggest that the reason that our observers did not achieve this
level was related to the lack of feedback in our tests and to the
mixing of easy and difficult trials within the same block);
3) they found a null CE (2 ms, nonsignificant) when the
transition flash was prevented by making the 50-Hz flickering
patch continue to flicker (at 50 Hz) during target presentation.
It should be noted, though, that such a null CE was not
obtained in experiment 7 of the same study, when the flicker
was made truly subliminal (70 Hz) and the transition flash was
also prevented. In this case, van Diepen et al. (2010) reported
a reduced but significant CE of 11 ms, which they attributed to
nonattentional processes.

Before examining the existence of a gamma-induced CE in
the absence of flash cues, it is apt to consider the only
discrepancy between the results reported by van Diepen et al.
(2010) and those of Bauer et al. (2009). This concerns exper-
iment 5 of van Diepen et al. (2010), which showed that, with a
100-ms flicker interval preceded by 900 ms of nonflicker
(100-Hz) preview and followed by the (nonflicker) change
target, one obtains a robust CE. For the same condition, Bauer
et al. (2009) reported a null effect. Having retested this con-
dition, we concur that indeed a robust CE effect takes place,
consistent with van Diepen et al. (2010). We have now verified
that the null effect reported in Bauer et al. (2009) was actually
obtained with a preview of a 100-ms flicker interval without
being preceded by a 900-ms static preview, which was erro-
neously reported in Bauer et al. (2009). However, we believe
that neither display procedure is informative regarding the role
of gamma flicker: the large CE reported by van Diepen et al.
(2010) may be due to the presence of a “double transition
flash” (two transition flashes may sum to produce a stronger
signal), whereas our null effect (with the 100-ms preview)
could be due to masking of the flicker by strong onset tran-
sients.

To further examine the nature of the CE, we report here a
number of critical tests. First, we report an examination of
flicker-detection accuracy (experiment 1), with and without the
transition flash, in the same experimental setup we used in our
original experiments, but using the protocol (error feedback

and no mixing of easy/difficult trials) that van Diepen et al.
(2010) suggested as being more stringent for assessing the
ability to detect the flicker. Second, we report tests (experi-
ments 2 and 3) that examine the presence of (50-Hz flicker) CE
effects in two flash-free variants of the task. Some of the
observers who participated in experiment 2 had also partici-
pated in experiment 1, the two experiments being performed
within the same 1-h session. For reasons of clarity, we report
them separately. In all the experiments, we followed van
Diepen et al. (2010) in using paired, two-tailed #-tests to test for
significant differences between conditions.

METHODS

Experiment 1: flicker and flash detection in the
original setup

The first detection condition, labeled no-transition, corresponds to
detection of the flicker in our original study, which involves a 1-s
presentation of one of the three Gabors flickering at 50 Hz and the
other two at 100 Hz; this condition is free of a transition flash (because
there is no transition to a subsequent display in which all Gabors
flicker at 100 Hz) and designed to measure detectability of the 50-Hz
flicker on its own. We report this here to test whether, with our
experimental setup [the same apparatus and stimuli as those in Bauer
et al. (2009), but with error feedback as in van Diepen et al. (2010)],
the flicker itself is subliminal. The second condition, labeled transi-
tion, examines detectability with the flash present; this condition
involves the same 1-s preview as that in the previous condition,
followed by a 600-ms period in which all three Gabors flicker at 100
Hz. No spatial-frequency (SF) change of any of the Gabors took place
in this (flicker and flash detection) experiment.

PARTICIPANTS. A group of 26 observers (11 female) with normal, or
corrected-to-normal, vision were tested in both conditions. All ob-
servers (mainly students from Birkbeck and nearby colleges) volun-
tarily signed up for the experiment using the Birkbeck subject recruit-
ment system (https://psyc-bbk.sona-systems.com). Their informed
consent was obtained prior to running the experiment and it was
explained to them that they could withdraw at any time. The experi-
ment was carried out under ethical guidelines approved by the De-
partment of Psychological Science, Birkbeck College (University of
London). All observers were naive as to the purpose of the
experiment.
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FIG. 2. The temporal modulation for the ramp condition. The last 7 frames

of the flicker sequence spanning the period 930-1,000 ms. Note that the
modulation amplitude decreases from 4A/8 through 3A/8 and 2A/8 and to A/8.

APPARATUS AND MATERIALS. All experiments were conducted in a
dimly lit room. Stimuli were presented using a VSG 2/5 system
(Cambridge Research Systems) on a Sony Trinitron Multiscan E450
monitor (gamma corrected; screen resolution 800 X 600 pixels), with
the frame rate set at 100 Hz. Observers maintained their viewing
distance (57 cm) via a chin rest and gave their responses through a
CT3 four-button response box (Cambridge Research Systems).

STIMULL Displays consisted of three Gabor patches (size 3°, spatial
frequency 2 cpd, deviation 0.45°) that were equally spaced on an
invisible circle (radius 6°) around a central black fixation cross
(always visible) on a light gray background of the same mean
luminance as that of the Gabor patches (51.1 cd/m?; Fig. 1). The
luminance range of the 50-Hz flickered (cue) patch ranged from 6.7 X
1073 (black) to 103 cd/m? (white).

PROCEDURE. Two versions of the flicker-detection task were tested:
1) a “no-transition” version, in which one patch maintained a 50-Hz
flicker throughout the (1-s) display time (whereas the others were
presented at 100 Hz); and 2) a “transition” version, which contained
an additional interval (600 ms) displaying all elements at 100 Hz (and
therefore contained the transition flash). The two versions of the task
were blocked, with 180 trials each, and with self-paced breaks every
50 trials. In both tasks, the observers were instructed to indicate which
patch appeared different (in flicker or any other visual property,
except for orientation) in a three-alternative forced-choice (3AFC)
response. Feedback was given in the form of a beep for incorrect
responses. A 50-trial practice block was given to each observer before
starting the tasks. Participants were also told that this task is difficult,
but they could use the error feedback to improve, and they were
instructed to do their best and to guess if they were not sure. The task
was not sped up. This is the same procedure as that used by van
Diepen et al. (2010).

Experiments 2 and 3: congruency effects in flash-free,
flicker-primed change detection

STIMULI AND PROCEDURES. In the SF change-detection task, the
stimulus was the same as that used in experiment 1, with the exception
that following the preview interval, a target was presented, generated
by increasing or decreasing the spatial frequency (SF) of one of the
Gabors by 0.14 cpd; the SF change was done repeatedly in experiment
2 (a change occurred every 100 ms, for a total of 600 ms) and only
once in experiment 3 (followed by 600 ms of static Gabor display).
There were two variations of this general procedure: a “ramped”
condition and a “continuous” condition. In the ramp condition, the
flicker in the 1-s preview was ramped down, smoothing the transition
to the 600 ms of nonflicker, which contained the target SF change
(Fig. 2).

In the continuous condition, the flicker of the Gabor continued
throughout the entire 1,600 ms (i.e., during both the preview and the
SF target change presentation). In all conditions, the target location
was congruent with the flicker cue in 50% of the trials and incongru-

ent in the other 50%. Observers indicated (using a 3AFC procedure)
the location of the SF change by pressing a spatially corresponding
button as quickly as possible. The next trial followed 1,000 ms later.
Each experimental condition consisted of three blocks of 50 trials
(150 trials in total). The main focus of interest was on the CE in SF
change detection for observers who were unable to detect the flicker.
We followed the same method as that used by van Diepen et al. (2010)
for estimating CEs on the basis of (individual observers’) median RT
after elimination of responses faster than 100 ms and slower than 1 s
(Fig. 3).

CHANGE-DETECTION TASK. For the continuous condition group, the
flicker-detection task involved the no-transition condition from exper-
iment 1; for the ramp group, it involved a similar 1 s of flicker
preview, which was ramped out in the last three frames, followed by
600 ms of no-flicker. Both versions did not include SF changes. Each
subject completed 120 trials per condition.

In both experiments 2 and 3, all the participants were tested first on
SF change detection (without flash) and only then in a flicker-
detection task. The flicker-detection task was always performed after
the change-detection task, to ensure (on an individual basis) that the
CEs were not mediated by strategic use of either flash or flicker
detection (as could have been the case if the reverse order was used).

EXPERIMENT 2. Participants. In all, 14 observers (6 female) were
tested under the continuous condition and 17 (9 female) under the ramp
condition. All 14 observers in the continuous condition were also tested
in experiment 1 (both tasks being run within the same session). The
continuous flicker-detection data are, in fact, part of the data (14 of 26
subjects) reported in the no-transition condition of experiment 1. We
report this condition again because our emphasis here is on CE effects
of the observers that were at chance at flash/flicker detection.

EXPERIMENT 3. The continuous stimulus presentation from experi-
ment 2 was used, with the exception that the target consisted of a
single SF change and that the magnitude of the SF change was
individually calibrated (prior to the experiment proper) using a stair-
case procedure.

Participants. In all, 11 observers (4 female) were tested under the
continuous condition.

RESULTS

Experiment 1

We found a detection rate of 37% (range: 21-47%) in the
no-transition condition, which increased to 45% in the transi-
tion condition (range: 33—60%). The difference between the
two conditions is significant [#25) = 3.75, P = 0.001],
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FIG. 3. Scatterplot of congruency effect in reaction times (RTs, in ms) vs.

detection rate for the continuous and ramped conditions.
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providing an estimate of the contribution of the flash to
detection performance. In the no-transition condition, only 4
(of the 26) observers had a detection rate >40%; after elimi-
nating these observers (as was also done in our original study),
the mean detection rate decreased to 35% (not significantly
different from chance). On this basis, we maintain that the
50-Hz flicker of the Gabor patch (without the transition flash)
is subliminal for most of the observers in the setup used in our
original experiments.

We concede, however, that although detection of the flash is
not easy (45% in the transition condition), it is nevertheless
possible and can increase the accuracy with which the critical
Gabor is picked out (12% above chance level on average, with
15 of the 26 observers exhibiting a detection rate >40%).
Because a detection rate of this order could contribute to the
CE (faster response to targets at the location of previous
flicker, compared with targets at nonflicker locations), it is
critical to determine whether the presence of flicker can trigger
the CE even when detection of the flash, or of the flicker, is not
possible. We examine this in experiments 2 and 3.

Experiments 2 and 3

In the two experiments that follow, we examined whether
the 50-Hz flicker preview of one of the Gabors generates a
congruency effect (CE) in spatial frequency (SF) change de-
tection when the transition flash is eliminated. Elimination of
the transition flash was achieved in two ways, with different
groups of observers. In the first, continuous condition (group
1), the flickering patch continues to flicker at 50 Hz during
target presentation (i.e., the condition does not involve a
transition from 50 to 100 Hz); this approximately replicates the
“continuous” procedure for eliminating the transition flash,
introduced by van Diepen et al. (2010) (but see experiment 3).
The second, ramped condition (group 2) involves a gradual
decrease in 50-Hz flicker amplitude during the last three frames
at the end of the preview (before the presentation of the target),
to remove the abrupt transition (see Fig. 2). We introduced this
additional condition (in experiment 2 only) to distinguish
between potential effects of the flicker before and after target
presentation (also see the piscussion on methodological differ-
ences between experiments 2 and 3).

The difference between experiments 2 and 3 concerns a
minor variation to target presentation, which relates to a subtle
difference between our original experimental setup [used in
most of the experiments reported in Bauer et al. (2009)] and the
one used by van Diepen (2010)." In our original setup, we
presented a repeated SF change (increase and decrease every
100 ms) for a total time of 600 ms, in which a single SF change
was subtle. This allowed us to make the SF change difficult to
detect, with a single presentation, so that the task was attention
dependent, while at the same time maintaining high accuracy
and avoiding a more complex analysis based on two dependent
variables, reaction time (RT) and accuracy (with possible
trade-offs), both of which could show attention effects. With
this setup, accuracy was high (observers had more opportuni-
ties to detect the change) and the attentional CE was effectively
collapsed in the RTs.

! Having reexamined our METHODS section (Bauer et al. 2009), we realize
that this procedural detail was not clearly set out. Thus, van Diepen et al.
(2010) were well justified when they interpreted our methods in this way.

In van Diepen et al. (2010) the SF change occurred only
once. If the change is subtle (i.e., detection is attention depen-
dent), this could result in both RT and accuracy effects [van
Diepen et al. (2010) did not report the accuracy effects]. In one
of the experiments reported in Bauer et al. (2009) we did
actually use a single (nonrepeated) SF change; the detection
response was not sped up and we used an accuracy, rather than
RT, measure (SF thresholds for 71% correct detection). This
experiment revealed a CE effect of 50-Hz flicker; that is,
observers’ discrimination thresholds were significantly lower
for the incongruent compared with those of the congruent
presentations [#(6) = 4.01, P < 0.01]. Given this, we believe
that the difference between the single and the repeated versions
is not critical for the results, as long as the change remains
subtle enough for detection to be attention dependent. Given
this, we believe that the difference between the single and the
repeated versions is not critical to the results, as long as the
change remains subtle enough—involving a form of time-
limited processing—for the detection to be attention depen-
dent; time-limited presentation would probe early perceptual,
rather than later response-related, processes (Santee and Egeth
1982), and thus be more likely to disclose attentional effects in
this paradigm.

However, since the accuracy experiment of Bauer et al.
(2009) was not flash-free and to obtain more uniformity with
the procedure used by van Diepen et al. (2010), we carried out
experiment 3. This used the same procedures as those used by
van Diepen et al. (2010; the SF change applied only once),
except that the magnitude of the change introduced was indi-
vidually predetermined, for each participant using a staircase
(with nonflickering Gabors), before the actual change-detec-
tion experiment (with congruent/inconcongruent flicker), to
permit a detection rate of about 71% to be achieved. Both
accuracy and RT effects were measured for the SF change-
detection task with congruent/incongruent flicker.

The flicker-detection rates were 38% (n = 17) for the ramp
condition and 37% (n = 14) for the continuous condition (the
average detection rate for these 14 observers happens to be the
same as the detection rate of the larger group (n = 26), which
includes these 14 observers, reported in experiment 1). Of the
17 observers who performed the ramp (flicker detection) con-
dition, 4 reached a detection level exceeding 40%. When these
observers are eliminated, the detection rate decreased to 35%
(not significantly different from chance; P = 0.14). The aver-
age CE effect for these 13 observers was 16 ms and is
significantly larger than zero [#(12) = 2.5, P = 0.03]. Of the 14
observers who performed the continuous condition, 3 exhibited
detection rates that exceeded 40%. When these 3 observers
were eliminated, the detection rate (of the remaining 11 ob-
servers) became 35% (not significantly different from chance;
P = 0.39). The CE effect for these 11 observers, in the
continuous condition, averaged 15 ms and was also signifi-
cantly larger than zero [#(10) = 2.2, P < 0.05].

Both of these results indicate that the detection of a subtle
change in a property (SF) of one of the Gabors is sped up when
the same Gabor had flickered at 50 Hz, compared with when
another Gabor had flickered at 50 Hz, even for observers who
were unable to detect the flicker. Because the detection crite-
rion of 40% that we introduced for observer elimination is
somewhat arbitrary, we inspected (for the 11 observers in the
continuous condition and the 13 observers in the ramp condi-
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tion) the correlation between the change-detection CEs and the
flicker-detection rates. If residual flicker detection contributes
to the congruency effect in change-detection RTs, we should
expect a positive correlation: observers exhibiting larger flick-
er-detection scores should show larger congruency effects. The
result of the correlation was »(22) = —0.14, P = 0.52, which
suggests that the 50-Hz flicker CE in these participants is not
mediated by a residual ability to detect the flicker and use it as
a cue.

The average flicker-detection rate over the 11 observers was
38%. Of these observers, 3 exhibited detection rates that
exceeded 40%. When these 3 observers were eliminated, the
detection rate (of the remaining 8 observers) became 34.9%
(not significantly different from chance; P = 0.14). For accu-
racies, the average CE for these 8 observers was 3.3%, which
was significantly larger than zero [#(7) = 2.0, P = 0.05]. For
the response time data, although RTs were numerically faster
(8 ms) for congruent than for incongruent stimuli, this differ-
ence was nonsignificant. The results, however, demonstrate a
CE in accuracy without a speed—accuracy trade-off. Further-
more, a scatterplot of the CE against detection scores (Fig. 4)
shows no consistent relationship between the variables, indi-
cating that the effect is not attributable to a few observers that
were able to detect the flicker slightly better than chance.

DISCUSSION

We agree with van Diepen et al. (2010) that our original test
(Bauer et al. 2009) was subject to a transition-flash “cue.”
Although detectability of this flash is lower in our setup than
that in their setup, it was nevertheless essential to examine
whether the expedited response to the spatial-frequency (SF)
change at the flicker (relative to a nonflicker) location remains
when this potentially confounding cue is eliminated. Using two
procedures (ramped and continuous conditions), we found this
to be the case. In experiment 2, we showed that although the
congruency effects (CEs) measured using reaction times (RTs)
were slightly smaller compared with those of our original
condition (15 and 16 ms, compared with 21 ms), the effect
remains significant, in both protocols, after the elimination of
the transition flash. In experiment 3, we showed similar CE
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FIG. 4. Scatterplot of congruency effects in accuracy vs. flicker-detection
rates for the 8 observers included in the continuous condition.

effects using an accuracy measure. Although we reported CEs
in terms of RT in experiment 2 and in terms of accuracy in
experiment 3, we argue that both measures reflect perceptual
limitations in the detectability of the target; that is, they are
both accuracy dependent because they are obtained under
time-limited viewing conditions and the target change is subtle.
With regard to experiment 2, the repeated target presentation
will result in RT measures across trials reflecting detection of
the SF change at each of several discrete presentations. Previ-
ous research has shown that there are tasks that dissociate
between accuracy measures in time-limited viewing paradigms
versus RT measures in time-unlimited paradigms (Santee and
Egeth 1982), the former tapping into early perceptual processes
and the latter more into response selection processes. Thus if
anything, compared with our accuracy-based measures, the
pure RT measure used by van Diepen et al. (2010) is more
likely to reflect influences of response-related processes due to
the higher visibility of their (single) change target.

Our results differ from those reported by van Diepen et al.
(2010) who obtained a nonsignificant CE, albeit in the pre-
dicted direction, in their continuous condition, which elimi-
nates the transition between the 50-Hz preview and the 100-Hz
target display. One possible source of this discrepancy may be
the procedural difference previously discussed. When the SF
change is made only once, one has to examine both RT and
accuracy costs (unless the SF change is so large as to be easily
detectable, without requiring attentional processing). As shown
in our experiment 3, where we used a subtle SF change, a CE
effect is found in accuracy, with a nonsignificant effect in RT
(again, though, in the predicted direction, indicating that the
accuracy CE is free from a speed—accuracy trade-off). Impor-
tantly, van Diepen and colleagues (2010) did not report the
accuracy data, so we cannot tell whether their pattern of results
was indeed similar to ours. Furthermore, we maintain that
accuracy-based measures are in any case more sensitive be-
cause they better tap into the perceptual (rather than response-
related) processes that are enhanced by selective attention.

The conclusion that the 50-Hz flicker-induced CE is not an
outcome of a supraliminal flicker cue is further supported by
the results of the validity effect experiment in our original
article (Bauer et al. 2009), which was designed to directly
address this issue. In that experiment (which van Diepen and
colleagues did not address), the flicker “‘cue” and the target (SF
change) were set in opposition to each other, such that in 80%
of the trials the target appeared on the side opposite to the
flicker; this experiment was performed with only two Gabor
patches, one positioned to the left and the other to the right of
fixation, and with two types of flicker: 25-Hz (supraliminal)
and 50-Hz (subliminal). Furthermore, participants were in-
formed at the start of the experiment that either an easy (25-Hz)
or a hard (50-Hz) flicker cue was present in one patch on each
trial and that the SF change would most likely occur in the
opposite patch. They also received error feedback. We rea-
soned that if observers can detect the flicker, they should be
able to reorient attention to the other side, showing a positive
validity effect (and a negative CE); by contrast, if they are
unable to do so and attention is automatically attracted toward
the 50-Hz flicker without conscious detection, strategic rede-
ployment of attention would not take place and a negative
validity effect (positive CE) would be found (cf. McCormick
1997). The results were clear-cut: a strong positive (154 ms)
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validity effect for the supraliminal 25-Hz flicker and a smaller
but significant negative validity effect (—19 ms) for the 50-Hz
flicker. Together with the results reported here, we believe that
this dissociation strongly supports the conclusion that the CE
we reported is not mediated by conscious detection of the
flicker cue.

Furthermore, we believe the conclusion—that truly sublim-
inal flicker (free of any visible cues) speeds up SF change
detection—is further supported by the results of experiment 7
reported by van Diepen et al. (2010), where a subliminal
flash-free 70-Hz flicker (continuous condition) enhanced RTs
to SF change targets at congruent locations. This effect was
somewhat smaller (11 ms) than that in our original paradigm
(21 ms), but highly significant [#9) = 3.96; P = 0.005]. van
Diepen et al. (2010) took the diminished magnitude of this
effect as one argument against the role of gamma-band entrain-
ment for attentional selection. We concede that the diminished
effect magnitude might indicate that the detection of a transi-
tion flash partially contributed to the larger CE in our original
studies. However, there are two other factors that may have
resulted in a diminished CE with the 70-Hz flicker, which
relate to the considerations that led us to select the 50-Hz
flicker frequency in our experiments. Although the 70-Hz
flicker falls within the frequency range of gamma-band atten-
tional modulations in humans (Vidal et al. 2006), maximum
power has been reported at 50 Hz (Figs. 1 and 2 in Fries et al.
2001). Due to the low-pass filtering properties of the visual
system, a 70-Hz flicker is predicted to generate a lower mag-
nitude of response modulation in visual cortex. This predicts a
diminished effect of the 70-Hz flicker. Arguably, the existence
of this smaller-magnitude effect at a gamma-band frequency
therefore provides further support for our original proposal.
Finally, we note that significant RT effects of this magnitude
have often been found and interpreted in studies of visuospatial
attention (for a review, see Wright and Ward 2008).

As an alternative to an attentional account of their (70-Hz
flicker) CE, van Diepen et al. (2010) suggest that the RT
facilitation observed with subliminal flicker results from an
enhancement of perceptual/motor processing. However, van
Diepen and colleagues (2010) do not provide an explanation of
how such a perceptual/motor enhancement would differentially
influence responses to targets at flickered versus nonflickered
locations (resulting in a CE). Furthermore, it is difficult to see
how a perceptual/motor enhancement would explain the fact
that flicker-induced CEs were obtained not only in terms of
reaction times (sped up response task), but also in signal
detectability (i.e., detection thresholds) in a task that did not
require sped up responses (Bauer et al. 2009). Nevertheless, in
an attempt to positively establish that the CE is nonattentional
in nature, van Diepen et al. (2010) carried out a similar SF
change-detection experiment with a single element presented at
fixation—the question being whether, in the absence of dis-
tractors (where there may be less need for selective attention),
detection would still be sped up by a flickering of the target
patch prior to the relevant change. The result, contrary to their
perceptual/motor-enhancement account, was now negative:
targets preceded by a 70-Hz flicker were responded to 9 ms
more slowly, rather than faster, than those preceded by a
140-Hz flicker. This negative CE is interesting, but requires
further work to be understood.

Two possibilities need to be considered. First, as suggested
by van Diepen et al. (2010) with a single patch presented at
fixation, attentional processes may play only a minor role; this
should be the case if the change-detection task is easy, as
indicated by the high accuracy (94%) reported on this task (see
experiment 8 in van Diepen et al. 2010). In this case, the most
plausible interpretation of the negative CE might be in terms of
interference of the flicker with the detection of the SF change.
However, this would imply that the 11-ms CE obtained with
three patches is an underestimation of the true CE (observers
are faster to detect targets at the flickering patch, despite the
interference).

Second, even if the central task is attentionally engaging, we
believe that it is difficult to predict exactly what impact the
70-Hz flicker would have. In the multiple-Gabor-patch task
(unlike the task with a single, centrally presented patch), the
endogenously generated (top-down) attentional activity pro-
duced in accordance with the “attention-by-synchrony” hy-
pothesis (Fries et al. 2001) should be fairly weak because there
is no single location to which attention can be advantageously
directed. Consequently, externally elicited flicker-related
gamma activity (at either 50 or 70 Hz) will tend to dominate
induced endogenous activity in multiple-Gabor-patch tasks. By
contrast, in a central-fixation single-patch task, previous stud-
ies indicate there will be increased power induced across a
wide range of gamma frequencies from 40 to 80 Hz (Vidal et
al. 2006). The interaction of endogenous activity with that
elicited by the stimulus flicker at 50 and 70 Hz (and occurring
at random phase to the endogenous synchronization) means
that it is hard to make simple behavioral predictions of their
effects. It thus appears that, although the positive 70-Hz—flicker
CE, with multiple-patch displays, is consistent with the “atten-
tion-by-synchrony” hypothesis, no firm conclusions (either for
or against it) can be derived from the central-patch task. We
thus believe that the attentional explanation offers the best
account for the flicker-induced CE with multiple patches.
Accordingly, the entrained synchronous gamma oscillations
may promote a type of “winner-takes-all” dominance of one
cell coalition, representing the attended location, over compet-
ing assemblies, representing to-be-ignored locations (Lee et al.
1999; Niebur et al. 1993). Nevertheless, alternative explana-
tions should be examined, such as the idea that the flicker,
rather than engaging the attentional system, sets in place some
type of location or object priming, making the system more
sensitive to the detection of subsequent targets.”

To conclude, we agree that an illusory transition flash
occurred in our original experiments. The report by van Diepen
et al. (2010) is important for noting this phenomenon and
raising critical questions. However, we believe that the data we
report here, as well as data from the 70-Hz flicker experiment
in van Diepen et al. (2010), provide support for the claim that
detection of this flash (or of the flicker itself) does not account
for all of the CE, in either RT or accuracy measures. We
believe that attentional selection via neural entrainment re-
mains the most plausible explanation for these data, which are

2 The existence not only of significant costs but also of benefits (Bauer et al.
2009) suggests that priming is unlikely to explain the results of Bauer et al.
(2009): priming is likely to result in a significant benefit component only.
Future studies are needed to examine costs—benefits for (transition-flash)
cue-free stimuli.

J Neurophysiol « VOL 105 « FEBRUARY 2011 + WWW.jn.org

Fn2



| tapraid4/29k-neurop/z9k-neurop/z9k00211/29k0587d11z | xppws | S=1 | 12/28/10 | 19:29 | MS: J00357-10 | Ini: wsc | |

SUFFICIENCY OF GAMMA FLICKER TO ENGAGE SELECTIVE ATTENTION 7

consistent with neurophysiological data (Fries et al. 2001;
Womelsdorf et al. 2006).
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