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Presenting an image to one eye and a dis-
similar image to the other eye induces a
phenomenon called binocular rivalry, in
which the conscious percept alternates be-
tween the two dissimilar images despite
constant retinal input. This technique has
provided some insight regarding the levels
of visual processing that can take place
outside awareness (for review, see Lin and
He, 2009). To meticulously study the neu-
ral correlates of awareness, binocular ri-
valry has, however, some disadvantages.
Perceptual dominance durations only last
a few seconds and switches are highly un-
predictable. To ensure a long-lasting sta-
ble percept, Tsuchiya and Koch (2005)
introduced a technique called continuous
flash suppression (CFS), in which one of
the eyes is presented with a dynamic noise
pattern changing typically every 100 ms.
Such a mask has proven to effectively dom-
inate over the image presented to the other
eye, rendering it consciously invisible.

It remains unclear whether flash-
suppressed stimuli are processed up to the
semantic level. Originally, Zimba and
Blake (1983) reported that no semantic
priming occurred when prime words were
suppressed from awareness through bin-

ocular rivalry. However, a recent study
showed that participants see a target word
faster through a CFS mask (i.e., break
through suppression) when it was pre-
ceded by a related visible prime word
(Costello et al., 2009). In a recent issue of
The Journal of Neuroscience, Kang et al.
(2011) tried to resolve this debate by com-
bining interocular suppression and EEG
recordings. Specifically, they focused on
N400, a negative peak occurring �400 ms
after an unexpected stimulus, which is as-
sociated with semantic processing (Kutas
and Federmeier, 2011). Previous studies
demonstrated that words elicit smaller
N400 amplitudes when preceded by se-
mantically related primes than when pre-
ceded by unrelated primes (for references,
see Kang et al., 2011). Building on these
results, Kang et al. (2011) used interocular
suppression to render either prime or tar-
get words invisible and investigate how
this affects N400.

In Experiments 1, 2, and 4, Kang et al.
(2011) used CFS to render target words
invisible after a prime word was pre-
sented. Participants had to signal whether
the target word was related or unrelated to
the prime word. Participants did not per-
form better than chance on suppression
trials and did not show an N400 effect.
Thus, there was neither a behavioral nor a
neural priming effect. In contrast, on con-
trol trials (i.e., trials with clearly visible
targets) performance was high and an
N400 effect was observed. These results
were interpreted to mean that suppressed
words are not semantically processed.

To properly interpret the results of
Kang et al. (2011), however, it is impor-
tant to consider three points regarding
N400. Although Kang et al. (2011) found
an N400 effect on control trials, there was
no N400 component observed. Whereas
the former refers to a difference in nega-
tivity �400 ms between two conditions
(Kang et al., 2011, their Fig. 2B), the latter
simply indicates the occurrence of a neg-
ative peak �400 ms after presentation of
an unexpected stimulus (Kang et al., their
Fig. 3B, red line; Kutas and Federmeier,
2011). Given that both primes and targets
were clearly visible in the control condi-
tions, a typical negative peak at �400 ms
would be expected, but none was present.

Regarding the lack of an N400 effect in
the experimental conditions used by Kang
et al. (2011), it is possible that a difference in
negativity occurred later than 400 ms after
presentation of the target word. Most prim-
ing studies investigating the influence
of awareness use subliminally presented
primes and supraliminal targets. To our
knowledge, only a few studies used an ap-
proach like that of Kang et al. (2011), i.e.,
masked targets in combination with ERP
measurements. These studies reveal an
N400 effect, but with delayed latency [e.g.,
812 ms (Wang and Yuan, 2008)]. Visual in-
spection of the ERP waveforms from Kang
et al. (2011) does not show evidence of a
delayed N400 effect, but their time window
was limited to 800 ms, and thus a delayed
effect may not have been detected.

Moreover, the nature of N400 is still a
point of discussion (Kutas and Feder-
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meier, 2011). Some argue that it is modu-
lated by automatic semantic processes.
Others claim that it merely reflects a
postlexical process whereby the target
word is integrated in the context (for re-
view, see Kutas and Federmeier, 2011).
The latter approach assumes that the
N400 effect disappears when target words
are suppressed from consciousness. De-
pending on which view one adopts, the
results of Kang et al. (2011) can be inter-
preted differently. If one advocates the au-
tomatic process account, the absence of
an N400 effect indicates that interocular
suppression prevents semantic analysis.
Alternatively, these findings could be con-
sidered as evidence in favor of the
postlexical process account, since no
N400 effect was found when participants
were unaware of the target words. Accord-
ing to this explanation, interocular sup-
pression impedes postlexical processes; no
such claim is made about automatic lexical
access. In other words, some semantic pro-
cesses may occur in the absence of aware-
ness induced by interocular suppression.

On a methodological note, it should be
stressed that participants whose semantic
judgment accuracy under suppression
was �60% were removed from the data.
The rationale for this exclusion was that
highly accurate participants probably ex-
perienced incomplete suppression. Such
suppression problems may seem surpris-
ing, given that CFS is often described as a
readymade tool for effectively suppressing
any stimulus, but in fact a CFS mask can
fail if not properly tuned to the suppressed
stimulus. Nevertheless, the finding that
performance for suppression trials was at
chance is not surprising given the 60%-
criterion. It may have been preferable to
include participants with high semantic
judgment accuracy, because nothing in
the setup of Experiments 1 and 2 excludes
the possibility that participants with a
score �60% were actually processing tar-
get words subliminally. An N400 effect in
this group of participants might be the
consequence of an ineffective mask and
thus consciously processing the target word.
Alternatively, it might be the result of un-
consciously processing the target word,

which in turn affected both performance
and ERP signals. Instead of discarding these
subjects, the alternative explanations for
their high scores could be dissociated by us-
ing a response option for stimuli that broke
through suppression, a method which has
been used before (Yang et al., 2010).

In Experiment 3 by Kang et al. (2011),
binocular rivalry was used to suppress
primes instead of targets. Here, participants
had the opportunity to indicate when a
prime word was recognized during suppres-
sion (so-called discard trials). Two points
should be noted when looking at the results.
First, an N400 component seems to be pres-
ent in both dominance and suppression tri-
als. Second, a significant N400 effect was
observed in dominance trials. Surprisingly,
an N400 effect was also observed in suppres-
sion trials for the high-discard group (aver-
age discarded rate of 18% per participant)
and not in the low-discard group (average
discard rate of 7%). The authors attributed
the N400 effect to partial visibility of the
primes; this conclusion was supported con-
vincingly by Experiment 4, in which target
visibility was manipulated. Still, we believe
that attention might also play an important
role, since it has been shown to modulate
N400 priming effects (McCarthy and No-
bre, 1993). Furthermore, Bahrami et al.
(2008) showed that spatial attention can
guide orientation processing of Gabor
patches rendered invisible through CFS.
Therefore, differences in attention might
explain why only some participants showed
an N400 effect (i.e., those who were highly
attentive). Attention might have played a
role in the other experiments as well. Since
participants had to indicate whether two
words were related or unrelated, they may
have developed a strategy of guessing in cer-
tain stimulus contexts because they were
only aware of the meaning of one word, as
the other word was suppressed from con-
sciousness. When participants learn to dis-
criminate early between control (normal)
and suppression (foils) trials, they might
shift their attention away in these latter tri-
als. As a consequence, the N400 priming ef-
fect might be attenuated in the suppression
condition.

In summary, the study of Kang et al.
(2011) used interocular suppression in
combination with EEG in an attempt to re-
solve the issue regarding semantic process-
ing of suppressed stimuli. Throughout four
experiments, no N400 effect was found
when words were reliably suppressed from
awareness. This led the authors to conclude
that suppression thwarts semantic analysis.
However, there is no consensus in the liter-
ature regarding the nature of the N400 ef-
fect. Consequently, the results can be
interpreted as the result of an automatic or a
postlexical process. Furthermore, we raise
the possibility that the N400 effect might in
fact be delayed rather than missing and
point to the unexpected absence of an N400
component in control trials. Despite possi-
ble theoretical and methodological issues,
this paradigm provides a good starting point
for future research.
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