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Heyman and Moors raised concerns about the tools and techniques used in our 

recent study (Kang et al., 2011) in which we tested whether the words were 

semantically processed in the absence of awareness induced by interocular 

suppression. Here, we address those concerns because it is important to clarify 

the issues raised in the commentary and to emphasize what is the theoretical 

issue. We believe that this will help readers who are unfamiliar to the literature to 

be equipped with appropriate background knowledge to interpret our findings. 

We are grateful for the opportunity to clarify how each of these criticisms appears 

to stem from some misunderstandings of what we found and how our findings 

relate to the existing literature. 

Heyman and Moors proposed that the N400 is defined as a negative peak in the 

ERP waveform.  They argued that the N400 was absent across all conditions, 

even when interocular suppression was absent, because there was no clear 

negative peak when the words were presented, even when those words were 

clearly visible and subjects behavioral discrimination was near ceiling. This 

characterization of the N400 component is inaccurate and misrepresents what is 

known from the literature. The N400, as its name implies, is a negative going 

potential that consistently begins around 400msec post-stimulus onset with a 

broad medial distribution. Importantly, as Kutas and Federmeier (2011) specified 

in their authoritative review on the N400 component, this ERP component is 

defined as a relative negativity, such that the ERP waveforms elicited by 

semantically incongruent stimuli are more negative than the ERPs elicited by 

semantically congruent stimuli, beginning around 400msec. However, Heyman 

and Moors misleadingly pointed out that ERP waveforms elicited by unrelated 

target words of our study (Experiment 1, 2, and 4) were positive relative to the 

baseline. This is because the N400 component rides on top of the P3 component 

which is a large positivity that is known to occur in the same time range as the 

N400 and requires the N400 to be defined as a relative negativity between 

semantically related versus unrelated stimuli.  The existence of temporally 

component overlap is widely known in the ERP literature (Luck, 2005) and is 
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consistently observed in studies of the N400 (e.g., see figures of Kutas & Hillyard, 

1984). Thus, this criticism of our findings seems to be due to a fundamental 

misunderstanding of the nature of ERPs in general, and the N400 component in 

particular. 

Heyman and Moors suggested that the N400 might be elicited significantly after 

its typical 400-ms latency (i.e., approximately 800msec post-stimulus) based on a 

previous study (Wang and Yuan, 2008).  In this previous study, the researchers 

made the identity of stimuli difficult to perceive by manipulating the blur of the 

Chinese characters presented. However, the relevance of the ERP findings from 

this previous study to the question of semantic processing in the absence of 

awareness is dubious given that the accuracy of discrimination was considerably 

different from the chance (i.e., 74.4% correct for pseudowords versus 38.2% 

correct for words). This is critical because such levels of behavioral 

discrimination accuracy do not justify the claim that subjects were not aware of 

the identity of the stimuli presented, as discussed further below. In our study, we 

did not find that the N400 was present in the absence of awareness during 

interocular suppression even at longer latencies.  That is, the semantically 

related and unrelated waveforms overlapped even when response-related ERPs 

became evident (e.g., latencies in excess of 1200 ms post-stimulus onset). 

Next, the commentary proposed that manipulating awareness of the second 

stimulus (target words) rather than the first stimulus (prime or context words) is 

rare in the existing literature. This is true in studies of subliminal priming in which 

the visibility of the prime words is manipulated and subjects respond to the 

clearly visible target words. We manipulated the stimulus visibility of the target 

words for two reasons. First, manipulating the stimulus visibility of the target 

words is more relevant for interocular suppression studies that measure the 

suppression time followed by a supraliminal prime stimulus (e.g. Costello et al., 

2009). Second, other than subliminal priming procedure, a greater number of 

studies manipulated the visibility of the target words while recording ERPs to 



 4 

determine whether an N400 is present (e.g., Luck, 1997). Nevertheless, we also 

conducted an experiment in which the visibility of the prime words was 

manipulated with continuous flash suppression to one eye and subjects 

responded to the clearly visible target words, but otherwise identical to 

Experiment 1 of Kang et al. (2011). Although we did not include this experiment 

in the paper because it was not crucial for conclusions we drew, the N400 

modulation was also absent in the suppression condition of this experiment. 

Heyman and Moors opined that we should include data from subjects whose 

accuracy is greater than chance. However, this view neglects what is already 

well known in the literature about how to measure semantic processing in the 

absence of awareness (for a detailed review of this issue see Holender & 

Duscherer, 2004; Kouider & Dehaene, 2007). If a subject can discriminate a 

stimulus significantly above chance that subject is aware of it, by definition. This 

means that analyzing the data from subjects whose performance is above 

chance does not tell us whether semantic analysis occurs in the absence of 

awareness. 

Next, Heyman and Moors raised the possibility that attention can play an 

important role in explaining the results of Experiment 3 in our study. We believe it 

is an important question whether the capacity limits of attention play a role in the 

depth of processing in the absence of awareness. As we discussed in our paper 

(Kang et al., 2011), unattended stimuli are semantically processed in the 

absence of awareness induced by the attentional blink (Luck et al., 1996). 

Nevertheless, this attentional account for the findings of Experiment 3 cannot 

explain the converging evidence we obtained from Experiments 1, 2, and 4.  

Because there was no temporal and spatial uncertainty in the stimulus 

presentation and, thus, no opportunity for subjects to discriminate between the 

different trial types and then volitionally choose to stop processing the task-

relevant stimuli.   
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Heyman and Moors caution that the N400 component is not sensitive to semantic 

analysis in the absence of awareness in the context of the controlled (i.e., 

postlexical) hypothesis of the N400 component. In the literature, there is debate 

about whether the N400 indexes an automatic or controlled process of lexical 

access. Note that we acknowledged this potential problem when interpreting the 

null results (i.e., the absence of an N400 in our study, see p.13543 of Kang et al., 

2011). To reiterate, the nature of the N400 is a limiting factor in the interpretation 

of any study using it as a tool to study cognitive processing. However, according 

to the literature, the view that the N400 indexes a strictly controlled cognitive 

processing is not supported by empirical findings which demonstrate that the 

N400 reflects both the automatic and controlled processing of a stimulus and can 

be used to measure processing in the absence of awareness (Luck et al., 1996; 

see also Kutas and Federmeier, 2011).  

The study of Kang and colleagues was the first to use ERPs to test the idea that 

the human visual system extracts the semantic content of stimuli that are 

suppressed during interocular suppression, an idea recently revived in new 

empirical studies (Lin & He, 2009).  We look forward to subsequent empirical 

work using ERPs that might be able to show that stimuli suppressed beyond 

awareness are semantically processed.  However, currently there is no 

electrophysiological evidence to support this proposal. 
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