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ABSTRACT 
 

Aims: Recently, using the fMRI method in a paradigm in which visible word cues were followed by 
masked faces at a completely unconscious level or masked tools at a partially conscious level, Tu, 
Qiu, Martens, & Zhang [31] showed that the top-down modulation effects were in opposite 
directions for the two conditions. Because five different pictures of masked faces/tools were 
displayed in a trial, the authors proposed that the modulation effects could further interact with the 
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conscious component of the partial awareness processing (i.e., awareness of the global contour 
change). In the present event-related potential study, we employed a paradigm similar to that of Tu 
et al.’s [31] except that the masked stimulus was displayed only once to test the effect of category-
selective attention on unconscious processing of picture identity and to try to investigate the above 
hypothesis.  
Study Design: Two semantic category cues (“face” or “tool”) and two types of subliminal stimuli 
(face or tool images) were crossed to generate four conditions: a face cue followed by a masked 
face picture, a face cue followed by a masked tool picture, a tool cue followed by a masked face 
picture, and a tool cue followed by a masked tool picture. 
Place and Duration of Study: Department of psychology, Institute of education, China West 
Normal University, between September 2013 and April 2014. 
Methodology: The technique of event-related potentials (ERP) was used. 
Results: Processing of masked face and tool images both elicited the ERP components of C1, P1, 
N1, and P2. In addition, C1 component between 25 ms and 55 ms was smaller in the valid category 
cue-word condition (face cue-word followed by masked face image & tool cue-word followed by 
masked tool image) than in the invalid cue-words (face cue-word followed by masked tool image & 
tool cue-word followed by masked face image). The other three waves, P1, N1, and P2, were found 
to be unaffected by the top–down modulation. 
Conclusion: Category-selective attention can modulate unconscious processes at an early stage 
of visual processing supporting the interaction hypothesis. 
 

 
Keywords: Top–down attention; category-selective attention; unconscious processes; partial 

awareness; ERP. 
 

1. INTRODUCTION 
 
Some classic theories and approaches show that 
sensory processing is a bottom–up process [1-3], 
and the brain is viewed as a stimulus-driven, 
passive device [4]. However, other studies have 
revealed that perceptual processing heavily 
depends on expectations derived from 
experience and generalized knowledge [4], and 
that visual and perceptual processing is an active 
process sensitive to top–down influence of 
attention and expectation [5]. This top–down 
modulation could allow us to focus our attention 
selectively on relevant stimuli and ignore 
distracting stimuli [6]. Consistent with the top-
down modulation view, numerous studies 
showed that early visual processing in the visual 
cortex could be modulated by top–down 
processing. For example, animal experimentation 
indicated that the top–down process could 
influence the early cortical activation of sensory 
processing [7,8]. Likewise, human studies 
revealed that attention load could modify visual 
cortex activity [9,10]. Moreover, even in the 
absence of visual stimulation, extrastriate cortex 
activation could be modulated by attention [11]. 
 
Unconscious processing is obscure and fleeting 
[12], and the question arises whether subliminal 
processing could also be modulated by top–
down attention. Firstly, the global neuronal 
workspace hypothesis postulates that subliminal 

stimuli are mainly processed in the posterior 
areas of the brain [13]. In accordance with this 
model, single-cell recording studies revealed 
occipital cortex activation [14,15] and temporal 
cortex activation both caused by heavily masked 
stimuli in backward masking paradigms [16,17]. 
Studies with fMRI demonstrated that early visual 
activation could be elicited by subliminal stimuli 
[18-20], and moreover there was evidence that 
the early visual activation elicited by the 
subliminal stimuli could be modulated by top–
down attentional processes such as attention 
load [21], and task contexts [22,23]. Many other 
behavioral studies also demonstrated that the 
top-down attention, such as spatial attention, 
[24,25], temporal attention [26] and attention to 
different stimulus dimensions [27] could 
modulate subliminal processes. ERP evidence 
also suggested that temporal attention [28] and 
task sets [29] could modulate the masked 
semantic priming. 
 
Recently, in a fMRI study, it was found that 
category-selective attention, elicited by a 
category cue word (e.g., face or tool), could 
modulate masked tool processing at a partial 
awareness level [30] and masked face 
processing at a completely unconscious level in 
the middle occipital gyrus (MOG) [31]. However, 
the modulation effects in MOG were in opposite 
directions. That is, the MOG activation 
decreased in the masked faces condition but 
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increased in the masked tools condition under 
the consistent (the masked pictures in a trial 
matched the category cue at the beginning of a 
trial, e.g., Face cue followed by masked Face 
picture or FF for short, and Tool cue followed by 
masked Tool picture, or TT) compared with the 
inconsistent cue-selective-attentional condition 
(TF and FT). In that study, five different masked 
tools or faces were presented successively in a 
trial. According to the predictive coding model 
proposed by Rao and Ballard [32], the 
unconscious components of the partially 
conscious tool processing and of the completely 
unconscious face processing could be modulated 
by the category-selective attention in the earlier 
visual cortex, which should both lead to 
decreased activity in the MOG under the 
consistent relative to the inconsistent condition. 
However, Tu, Qiu, Martens, & Zhang, (2013) 
suggested that the above modulation effects 
could further interact with the conscious 
component of partial awareness of the global 
contour change in the masked tool condition (the 
interaction hypothesis, as we called it in present 
paper). It was the detectable global contour 
change of the five successively presented 
different tools (in contrast to different faces that 
had the similar contour) that must have led to the 
increased activity in the MOG. Further research 
even demonstrated that the interaction effect 
could be continuous [33].  
 
However, there is a need to investigate more 
directly the above interaction hypothesis, which 
was the main purpose of the present study. In the 
present event-related potential (ERP) study, we 
used a paradigm same as that in the Tu et al. [31] 
study, in that category-selective attention was 
elicited by a category cue word (e.g., face or tool), 
except that the masked face or tool appeared 
only once instead of five times. If the opposite 
MOG effect of modulation (see the detail in the 
last paragraph) in the Tu et al. [31] fMRI study 
resulted from the global contour change of the 
five successively presented different tools, then 
when the masked stimulus appeared only once 
as in the present ERP study, the modulation 
results measured in ERP components should be 
in the same direction, i.e., the ERP results should 
be similar for both the masked tool at the partially 
conscious level and the masked face at the 
completely unconscious level condition. The 
expected results will be the same because both 
conditions involve only the selective-attentional 
modulation on the unconscious identity 
processing of the masked stimuli and not the 
detectable global contour change. There is 

evidence that only the detectable global contour 
feature of the masked tool at the partial 
awareness level did not contribute to the 
opposite MOG effect of modulation. That is, 
when the five successively presented tools were 
the same and therefore there was no contour 
change, the MOG activation decreased under the 
consistent compared with the inconsistent 
condition [33]. 
 
In ERP studies about subliminal processing, 
there is evidence that a subliminal stimulus can 
activate P1 and N1 in the early visual cortex 
[34,35]. Moreover, under the visible stimulus 
condition, P1 and N1 are larger for the attended 
stimuli than the unattended stimuli [36]. Another 
ERP component associated with the top–down 
effect is the C1 component, which is the earliest 
ERP component triggered by the stimulus and is 
about 50 ms post-stimulus. Some studies 
revealed that C1 evoked by visual stimuli can be 
modulated by spatial attention [37], emotional 
content [38], and perceptual learning [39]. 
Therefore, in the present ERP study, we 
hypothesized that the early ERP components 
(C1, P1, and N1), which might be elicited by 
subliminal stimuli (e.g., masked face or tool 
pictures) in the early visual cortex, could be 
modulated by top–down influences of different 
category cues (i.e., the word “face” or “tool”). 
Moreover, according to the view stated in the last 
paragraph, the modulation reflected in these 
ERP components could be similar for both the 
masked tool at the partial awareness level and 
the masked face at the completely unconscious 
level. 
 

2. MATERIALS AND METHODS 
 
2.1 Participants 
 
A total of 14 Chinese undergraduates (6 women 
and 8 men between 18 and 26 years of age; 
mean age = 21.5) were paid to participate in this 
study voluntarily. All participants were right-
handed and had normal or corrected-to-normal 
vision. No history of neuralgic or psychiatric 
disorder was reported. This study has been 
approved by the IRB at China West Normal 
University. 
 

2.2 Stimuli 
 
The stimuli included three types of pictures: 40 
images of neutral faces (20 male, 20 female) 
from the Chinese Facial Affective Picture System 
[40], 40 images of tools (e.g., scissors, flashlight, 
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telephone), and 20 images of things of other 
categories (e.g., animals, fruits) from the Internet. 
The mean valence and arousal value of the 
neutral faces, which were adopted from the 
Chinese Facial Affective Picture Norms, were 
4.31 (SD = 0.58) and 3.61 (SD = 0.51), 
respectively, on a 9-point scale. The criterion for 
selecting tools and things of other categories was 
that they be common, familiar objects in our daily 
life. And all the pictures were transformed into 
grey pictures for presentation in the experiment. 
In the formal experiment, the stimuli were 
presented centrally on a computer screen with a 
uniform grey background (RGB = 175, 175, 175) 
and subtended 4.3º (height) × 3.8º (width) of 
visual angle. The refresh rate of the computer 
screen was 60 Hz and the screen resolution was 
1024 × 768. Picture presentation was 
synchronized with the refresh rate of the 
computer screen. 
 

2.3 Procedure 
 

Task programming, stimulus delivery, and 
behavioral response recording were performed 
using the E-prime 2.0 Software (Psychology 
Software Tools Inc. http://www.pstnet.com). 
 

2.3.1 Experiment 1 (ERP test) 
 

Two kinds of materials, a face and a tool, were 
used to test top–down modulation on subliminal 
stimulus perception. Two semantic category cues 
(“face” or “tool”) and two types of subliminal 
stimuli (face or tool images) were crossed to 
generate four conditions: a face cue followed by 
a masked face picture (FF), a face cue followed 
by a masked tool picture (FT), a tool cue followed 
by a masked face picture (TF), and a tool cue 
followed by a masked tool picture (TT). The 
masked face pictures in the FF and TF 
conditions were the same and appeared in both 
conditions an equal number of times as were the 
masked tools in the TT and FT conditions to 
eliminate any difference in the low-level features, 
so that the top–down effects on the masked 
stimulus (see ERP Data Analysis) cannot be 
attributed to stimulus differences between the 
conditions. 
 

Each of the four conditions was repeatedly tested 
100 times. The test was conducted in four blocks. 
Each block had 100 trials, with various conditions 
mixed randomly in each block. The stimulus 
sequence in the trial is shown in Fig. 1. After a 
2000 ms fixation point display, a cue word ( “face” 
or “tool”) was displayed for 500 ms followed by a 
blank screen for a duration varying from 250 ms 

to 500 ms. A backward-masked image (face or 
tool) was then presented centrally for 16 ms 
followed by a 400 ms backward mask. After a 
400 ms blank screen, the last picture (a face, tool, 
animal or fruit) was presented supraliminally for 
1600 ms. The participants were informed that the 
stimuli between the cue word and the last picture 
were distractors. The participants were asked to 
judge as quickly and as accurately as possible 
whether or not the last suprathreshold photo 
matched the category word cue by pressing “1” 
or “2” on the button box with “1” indicating a 
match, and “2” otherwise. This approach insured 
that the participants use the cues and keep their 
spatial attention on the time window. The 
responses of “1” and “2” were counterbalanced 
between the participants. For the 100 trials of 
each condition (FF, FT, TT, TF), 70% (70 trials) 
were cue/final-picture congruent (the last 
supraliminally presented picture was consistent 
with the cue word) and 30% (30 trials) were 
incongruent (the last supraliminally presented 
picture was not consistent with the cue word). 
There were 4 blocks of 100 trials each, with 25 
trials for each condition in a block. The different 
conditions in each block were presented 
randomly. Between blocks, subjects could take a 
rest. Subjects were seated in a quiet room facing 
a screen placed at an approximate 70 cm 
distance from the eyes and were asked to try to 
avoid eye movements and blinks as much as 
possible. 
 

2.3.2 Experiment 2 (behavioral test) 
 

Following the ERP experiment, an objective two-
alternative-forced-choice test was given on the 
masked faces and tools in separate blocks to 
determine whether the participants could 
perceive the masked images. The trial outline is 
presented in Fig. 2. After a 2000 ms fixation, a 
masked picture appeared for 16 ms, followed by 
a backward mask for 400 ms. The subliminal 
pictures used in this experiment were the same 
as those used in Experiment 1. Following a 400 
ms blank screen, two supraliminal images of the 
same kind (two faces of different people or two 
different samples of the same tool type) 
subsequently appeared, one of which was the 
masked picture. The participants were asked to 
decide which of the two pictures had been 
presented in the subliminal display.  
 

In this test, the two supraliminal images in the 
forced choice task were either two faces or two 
tools with similar contours but variations in 
detailed features. However, it was possible that 
in the subliminal display phase, the participants 
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could only sense the contours and know what the 
stimulus was without being able to discern the 
details of the stimuli [31]. To test this possibility, 
another version of two-alternate-forced-choice 
test was given later using the same participants 
in the ERP study, in which the two choices were 
displayed in two words rather than in two pictures 
of the same kind, for example, "flashlight"-"chair" 
in the masked tool condition, and "telephone"-
"face" in the masked face condition. This test 
would determine whether the participants were 
aware of the type of the stimuli in the subliminal 
display phase. 
 

In the word-version-forced-choice test for the 
masked tool, the two words were all of the tool 
type. In theory, participants might be able to 
categorize the masked stimulus as a tool but 
could not tell what the tool was. Therefore, we 
tested 16 additional participants, with another 
two-alternate-forced-choice test in which one of 
the words was a tool type of the masked picture 
and the other word not a tool type ("telephone"-
"hand"). 

 

2.4 ERP Recording and Analysis 
 
Brain electrical activity was recorded from 64 
scalp sites by using Ag/AgCl electrodes mounted 

in an elastic cap (Brain Products), with the left 
and right mastoids as references. The vertical 
electrooculogram was recorded with electrodes 
placed above and below the left eye, and the 
horizontal electrooculogram with electrodes 
placed by right side of right eye and left side of 
left eye. All interelectrode impedance was 
maintained below 5 kΩ. The 
electroencephalogram and the EOG were 
amplified using a bandpass in the range of 0.05 
Hz to 80 Hz and were continuously sampled at 
500 Hz/channel for offline analysis. Trials with 
EOG artifacts (mean EOG voltage exceeding 
±100 μV) and trials contaminated with artifacts 
due to amplifier clipping, bursts of 
electromyography activity, or peak-to-peak 
deflection exceeding ±100 μV were excluded 
from analysis. 
 
The ERP waves were time-locked to the onset of 
the masked face or tool pictures. The averaged 
epoch for ERP, including a 200-ms pre-pictures 
baseline, was 700 ms. EEG of each condition 
(FF/FT/TT/TF) were separately averaged, and at 
least 70 trials were available for each condition of 
each subject. On the basis of the ERPs grand 
averaged potentials (Figs. 3 and 4) and previous 
studies about subliminal processing, we 
analyzed the C1, P1, N1, and P2 waves evoked

Fig. 1. Stimulus sequence of a single trial in ERP experiment 
 
 
 

 
 
 
 

Fig. 2. Example of a single trial in two-alternate-forced-choice task 
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by valid cues (congruent condition) versus invalid 
cues (incongruent condition) for masked face or 
tool pictures, respectively. These comparisons 
allowed us to assess the category-selective 
attentional modulation on unconscious processes. 
Specifically, the mean amplitudes are exported in 
the time course between ±15 ms around the 
peak of each averaged component: C1 (25 to 55 
ms), P1 (90 to 120 ms), N1 (128 to 158 ms), and 
P2 (220 to 250 ms). Statistical analysis of the C1, 
P1, N1, and P2 mean amplitudes was conducted 
using two repeated-measures ANOVA with the 
conditions (FF versus TF, TT versus FT) and 
electrodes in parietal–occipital area (Oz, O1, O2, 
POz, PO3，PO4，PO7, PO8) as factors. In 
addition, because the face pictures were used, 
the N1 should be the N170 component which 
was sensitive to face processing. The N170’ 
positive counterpart VPP (vertex positive 
potential) [41] was also observed at the middle 
electrodes in present study. Therefore, we also 
analyzed the VPP at Cz and Fz electrodes. 

 

3. RESULTS  
 

3.1 Visibility Test 
 

In the first forced choice task, participants 
reported that they could recognize neither the 
masked faces nor the tools but could sense 
some contours in the tool block. All participants 
performed at chance level in the recognition of 
the masked face condition, with a mean 
percentage of correct recognition being 47.80%, 
SD =7.839, t(13) = -1.087, p = 0.295. However in 
the masked tool condition, the mean percentage 
of correct recognition was 44.53%, SD =9.553, 
t(13) = -2.216，p = 0.044 < 0.050. The less than 
chance level mean percentage of correct 
recognition suggested the possibility that the 
sensed contour might have misled participants. 

 

In the second forced choice task, participants 
also reported that they could recognize neither 
the masked faces nor tools but could sense 
some contours in the tool block. Meanwhile, 
discrimination performance did not deviate from 
chance level in both conditions: mean 
percentage of correct recognition for face was 
49.93%, SD = 8.316, t(13) = - 0.032, p = 0.975; 
and mean percentage of correct recognition for 
tool was 50.43%, SD = 8.847, t(13) = 0.181, p = 
0.859. In addition, in the two words test condition 
where one word was a tool type and the other 
was not, the results were similar to those of 
previous forced choice task: mean percentage of 

correct recognition was 49.75%, SD = 9.191, t(15) 
= - 0.109, p = 0.915. The combined results 
suggested that the participants could not 
perceive the masked stimuli, although they could 
sense some contours of the tools. Moreover, the 
d’ values were not significantly different from 
zero in all the three two-words-version forced 
choice tasks, ps> 0.844. 
 

3.2 Behavioral RT Results 
 
Because the combined inconsistent and 
consistent trials (in 30% of the trials, the 
supraliminally presented picture at the end of a 
trial did not match the cue word and in 70% of 
the trials, it did) could mask the RT effects in the 
behavioral analysis (the RT to the conscious 
target might be influenced by the object type of 
targets, the cues, the masked picture and the 
relationship between the cue and masked 
picture), the RTs analysis included only the 
correct trials in the consistent condition to focus 
on the relationship between cues and masked 
stimuli. The mean RTs and the 95% confidence 
intervals were: 580.53 ms and 539.25~621.82 
ms for the FT, 566.62 ms and 526.66~606.59 ms 
for the FF, 672.48 ms and 630.75~714.20 ms for 
the TT, and 645.19 ms and 604.29~686.08 ms 
for the TF condition, respectively. A two-way 
repeated-measures ANOVA, using cue (tool vs. 
face) and masked stimulus (tool vs. face) as 
factors, revealed a main effect of cue, F(1, 13) = 
57.93, p < .05, η

2
 = .82, demonstrating that 

participants exhibited significantly faster RTs to 
face than to tool cues. Moreover, the main effect 
of masked stimulus was also significant, F(1, 13) 
= 12.74, p < .05, η2 = .50, demonstrating that 
participants exhibited significantly faster RTs in 
masked face condition compared to masked tool 
condition. The interaction between the two 
factors was not significant, F(1, 13) = 1.36, 
p> .05, η2 = .10. The main effect of masked 
stimulus across the two cue conditions might 
indicate the different conscious states between 
the masked tool and the masked face, in which 
partial awareness of the masked tool led to a 
slower RT. 
 
3.3 ERP Results 
 
The amplitude difference of C1, P1, N1/VPP and 
P2 were analyzed for the top–down modulation 
on the unconscious face and tool processing, 
respectively (Figs. 3 and 4).  
 
Firstly, for the masked face condition (Fig. 3), the 
ANOVA results showed that FF activated a 
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Fig. 3. Grand average of ERPs at Oz, POz, O1, and O2 for congruent and incongruent 
responses in masked face condition 

 
 

Fig. 4. Grand average of ERPs at Oz, POz, O1, and O2 for congruent and incongruent 
responses in masked tool condition 

 

significantly smaller C1 compared with the TF, 
F(1, 13) = 6.257, p = 0.027. The interaction 
between condition (FF vs. TF) and electrode was 

not significant, F(7, 91) = 0.342, p = 0.932. In 
addition, the differences in P1, N1, and P2 
between FF and TF conditions did not reach 
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significance: P1 [F(1, 13) = 0.980, p = 0.340], N1 
[F(1, 13) = 0.366, p = 0.556], and P2 [F(1, 13) = 
1.866, p = 0.195]. None of the interactions 
between condition and electrode was significant, 
all ps> 0.154.  
 
Secondly, for the masked tool condition (Fig. 4), 
the results were similar to that of the masked 
face condition. TT elicited a significantly smaller 
C1 compared with FT, F(1, 13) = 5.488, p = 
0.036. The interaction between condition (TT vs. 
FT) and electrode was not significant, F(7, 91) = 
0.973, p = 0.456. But again, there was no 
significant effect of the cue word on the P1, N1, 
and P2 components: P1 [F(1, 13) = 1.297, p = 
0.275], N1 [F(1, 13) = 0 .155, p = 0.700], and P2 
[F(1, 13) = 3.372, p = 0.089]. None of the 
interactions between condition and electrode was 
significant, all ps> 0.282. 
 
In addition, at Cz and Fz electrodes, it showed 
no significant effect of VPP in both masked face 
and masked tool conditions, ps> 0.121. 
 
In short, the masked face and tool conditions 
showed similar results: the amplitude of C1 was 
significantly smaller under the valid cues 
compared with under the invalid cues condition, 
whereas the other components (P1, N1/VPP, and 
P2) showed no significant effect. The 
implications of the results are discussed below. 
 

4. DISCUSSION 
 
In the present ERP study, we employed a 
modified paradigm with visible cues followed by 
masked images of faces and tools to test the 
category-selective attentional modulation on 
subliminal processes. Comparing the FF with the 
TF condition, we were able to assess the top–
down modulation effect evoked by valid cues 
versus invalid cues on the processing of the 
masked face pictures at completely unconscious 
level: this effect was indicated in the prominent 
C1 waves in the parietal–occipital area. The 
same analysis of the top–down modulation on 
the processing of the masked tool images at the 
partial awareness level indicated a significant C1 
difference between TT and FT. The C1 effect was 
the same for the masked face and tool conditions: 
the incongruent trials elicited larger C1 waves 
compared with the congruent trials. In contrast, 
P1, N1, and P2 showed no difference between 
the congruent and incongruent conditions in both 
masked face and tool conditions. The results 
support the interaction hypothesis in Tu et al.’s 
[31] study. We believe that the C1 reflects the 

early neural activity of top–down modulation on 
unconscious processing. The findings will be 
discussed in detail below. 
 
The visual P1, N1, and P2 were sensitive to 
specific visual features. The posterior P1 was 
associated with attention, and it was enhanced 
by the attended unilateral stimuli in left or right 
visual fields [42]. Moreover, N1 and P2 were 
affected by the orientation and location of stimuli; 
in particular, P2 was sensitive to selective 
attention to different attributes of stimuli [43]. 
However, in our study, there was no indication of 
significant differences in these components 
between the masked tool and masked face 
conditions, the reason of which might be that the 
stimulus contents were processed subliminally. 
This suggested that the top–down effect cannot 
reach these later stages. Moreover, the N1 might 
be the N170 sensitive to face processing. 
Previous studies found that N170 was a negative 
component at occipito-temporal scalp sites 
between 130 and 200 ms. N170 was larger when 
elicited by faces than by other object categories 
[44] which was obvious from pictures 3 and 4 in 
present study. Therefore, the N1 could be the 
N170. In addition, N170’ positive counterpart 
VPP (vertex positive potential) [41] was also 
observed at the middle electrodes in present 
study, which also had no category-selective 
attentional modulation effect.  
 
The C1 wave is the earliest component of the 
visually evoked potential (onset around 50 ms 
post-stimuli), and its polarity reverses between 
the upper and the lower visual fields [45,46]. 
However, the foveally presented stimulus could 
also trigger a modest C1 [47,48], with an 
amplitude weaker than the one from an unusual 
location [49]. In this study, we presented the 
masked stimuli in the central visual field, which 
also elicited a small C1 in the 25 ms to 55 ms 
time window. This observation indicated that 
masked stimuli could also trigger an earlier C1 
regardless of whether at the partial awareness 
level or completely unconscious level. 
 
An early view proposed that C1 was not 
susceptible to the influence of top–down 
attention [37,50-52]. However, recent studies 
challenged this view. It was found that C1 was 
modulated by spatial attention [53] and 
attentional load [10]. In addition, the C1 was 
found to originate from V1 cortex, and there was 
evidence that human V1 activation to subliminal 
stimuli could be modulated by top-down attention 
(e.g., attentional load) [21]. In the present ERP 
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study, the C1 effect showed that the processing 
of unconscious contents at both the partial 
awareness level and the completely unconscious 
level could be modulated by category-selective 
attention at a very early stage.  
 

The results were also consistent with those of Tu 
et al.’s [31] fMRI experiment in which the masked 
tool at the partial awareness level and masked 
face at the completely unconscious level were 
found to be modulated by the category-selective 
attention in the MOG. However, the modulation 
results in MOG were in the opposite directions in 
the masked face and tool conditions (see the 
detail in the introduction). In that study, five 
different masked tools or faces were presented 
successively in order to get a better BOLD signal. 
The opposite modulation effects were supposed 
to reflect not only that the unconscious 
component (unawareness of the identity of the 
tool) of the partial awareness of the tool stimulus 
and the complete unawareness of the identity of 
the face could be modulated by the category-
selective attention in the earlier visual cortex but 
that the modulation effects could further interact 
with the conscious component of partial 
awareness of the global contour change of 
different tools. However, in the present ERP 
study in which the masked face or tool appeared 
only once, the C1 effect was the same for the 
masked face at the completely unconscious level 
and the masked tool at the partial awareness 
level. They both showed that the incongruent 
trials elicited larger C1 waves than the congruent 
trials. Therefore, the similar C1 effects support 
the interaction hypothesis proposed by the Tu et 
al. [31].  
 

Conceptually, the results of the present study are 
in accordance with the expectation-driven 
processing model and the predictive coding 
model [32]. Grossberg [54] has proposed that the 
brain can learn to generate a top–down 
prediction by estimating the visual input 
according to contextual information from the past 
and to match these predictions against bottom–
up processes. These processes improve the 
effectiveness of our perceptive processes and 
hence our adaptation to the environment. 
Consistent with this idea, in the present study, we 
found that category-selective attentional 
modulation may activate an expectation which 
directs / modulates subliminal processes. In 
addition, other studies showed that different 
unconscious processes could interact with or 
influence each other [55-57]. Considering the fact 
that most information our brains receive is 

processed unconsciously and that unconscious 
processes could influence the conscious task 
processing, the relationship between conscious / 
top-down and unconscious processes might form 
a cognitive mechanism which serves the function 
of information integration [58,59]. 
 
5. CONCLUSION 
 
In summary, the present results showed that 
category-selective attention could modulate 
unconscious processing in the visual areas at a 
very early stage. Furthermore, the similar C1 
effects observed in the masked face and tool 
conditions support the interaction hypothesis 
proposed by the Tu et al. [31]. However, the 
present ERP study did not include a condition 
with contour changes, therefore, the effects of 
such changes could be further investigated in 
future ERP studies. 

 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 

 
REFERENCES 
 
1.  Hubel DH, Wiesel TN. Receptive fields and 

functional architecture in two nonstriate 
visual areas (18 and 19) of the cat. J 
Neurophysiol. 1965;28(2):229-289. 

2.  Biederman I. Recognition-by-components: 
A theory of human image understanding. 
Psychol Rev. 1987;94(2):115-147. 

3.  Thorpe S, Fize D, Marlot C. Speed of 
processing in the human visual system. 
Nature. 1996;381(6582):520-522. 

4.  Engel AK, Fries P, Singer W. Dynamic 
predictions: Oscillations and synchrony in 
top-down processing. Nat Rev Neurosci. 
2001;2(10):704-716. 

5.  Gilbert CD, Sigman M. Brain states: Top-
down influences in sensory processing. 
Neuron. 2007;54(5):677-696. 

6.  Gazzaley A, Cooney JW, McEvoy K, 
Knight RT, D'Esposito M. Top-down 
enhancement and suppression of the 
magnitude and speed of neural activity. J 
Cognitive Neurosci. 2005;17(3):507-517. 

7.  Ito M, Gilbert CD. Attention modulates 
contextual influences in the primary visual 
cortex of alert monkeys. Neuron. 1999; 
22(3):593-604. 

8.  Li W, Piech V, Gilbert CD. Perceptual 
learning and top-down influences in 



 
 
 
 

Liu et al.; BJESBS, 7(3): 220-231, 2015; Article no.BJESBS.2015.086 
 
 

 
229 

 

primary visual cortex. Nat Neurosci. 2004; 
7(6):651-657. 

9.  Kelley TA, Lavie N. Working memory load 
modulates distractor competition in primary 
visual cortex. Cereb Cortex. 2011;21(3): 
659-665. 

10.  Rauss KS, Pourtois G, Vuilleumier P, 
Schwartz S. Attentional Load Modifies 
Early Activity in Human Primary Visual 
Cortex. Hum Brain Mapp. 2009;30(5): 
1723-1733. 

11.  Kastner S, Pinsk MA, De Weerd P, 
Desimone R, Ungerleider LG. Increased 
activity in human visual cortex during 
directed attention in the absence of visual 
stimulation. Neuron. 1999;22(4):751-761. 

12.  Atas A, Vermeiren A, Cleeremans A. 
Repeating a strongly masked stimulus 
increases priming and awareness. 
Consciousness and Cognition. 2013;22(4): 
1422-1430. 

13.  Dehaene S, Changeux JP, Naccache L, 
Sackur J, Sergent C. Conscious, 
preconscious, and subliminal processing: 
A testable taxonomy. Trends Cogn Sci. 
2006;10(5):204-211. 

14.  Bridgeman B. Correlates of metacontrast 
in single cells of the cat visual system. 
Vision Res. 1975;15(1):91-99. 

15.  Lamme VA, Zipser K, Spekreijse H. 
Masking interrupts figure-ground signals in 
V1. J Cognitive Neurosci. 2002;14(7): 
1044-1053. 

16.  Kovacs G, Vogels R, Orban GA. Cortical 
correlate of pattern backward masking. P 
Natl Acad Sci Usa. 1995;92(12):5587-
5591. 

17.  Rolls ET, Tovee MJ, Panzeri S. The 
neurophysiology of backward visual 
masking: Information analysis. J Cognitive 
Neurosci. 1999;11(3):300-311. 

18.  Green MF, Glahn D, Engel SA, 
Nuechterlein KH, Sabb F, Strojwas M, et 
al. Regional brain activity associated with 
visual backward masking. J Cognitive 
Neurosci. 2005;17(1):13-23. 

19.  Haynes JD, Driver J, Rees G. Visibility 
reflects dynamic changes of effective 
connectivity between V1 and fusiform 
cortex. Neuron. 2005;46(5):811-821. 

20.  Tse PU, Martinez-Conde S, Schlegel AA, 
Macknik SL. Visibility, visual awareness, 
and visual masking of simple unattended 
targets are confined to areas in the 
occipital cortex beyond human V1/V2. P 
Natl Acad Sci Usa. 2005;102(47):17178-
17183. 

21.  Bahrami B, Lavie N, Rees G. Attentional 
load modulates responses of human 
primary visual cortex to invisible stimuli. 
Curr Biol. 2007;17(6):509-513. 

22.  Nakamura K, Dehaene S, Jobert A, Le 
Bihan D, Kouider S. Task-specific change 
of unconscious neural priming in the 
cerebral language network. P Natl Acad 
Sci Usa. 2007;104(49):19643-19648. 

23.  Watanabe M, Cheng K, Murayama Y, 
Ueno K, Asamizuya T, Tanaka K, et al. 
Attention but not awareness modulates the 
BOLD signal in the human V1 during 
Binocular Suppression. Science. 
2011;334(6057):829-831. 

24.  Marzouki Y, Grainger J, Theeuwes J. 
Exogenous spatial cueing modulates 
subliminal masked priming. Acta 
Psychologica. 2007;126(1):34-45. 

25.  Sumner P, Tsai PC, Yu K, Nachev P. 
Attentional modulation of sensorimotor 
processes in the absence of perceptual 
awareness. P Natl Acad Sci Usa. 2006; 
103(27):10520-10525. 

26.  Naccache L, Blandin E, Dehaene S. 
Unconscious masked priming depends on 
temporal attention. Psychological Science. 
2002;13(5):416-424. 

27.  Spruyt A, De Houwer J, Everaert T, 
Hermans D. Unconscious semantic 
activation depends on feature-specific 
attention allocation. In. 2012;91-95 

28.  Kiefer M, Brendel D. Attentional 
modulation of unconscious "Automatic" 
processes: Evidence from Event-related 
Potentials in a Masked Priming Paradigm. 
J Cognitive Neurosci. 2006;18(2):184-198. 

29.  Kiefer M, Martens U. Attentional 
sensitization of unconscious cognition: task 
sets modulate subsequent masked 
semantic priming. Journal of Experimental 
Psychology: General. 2010;139(3):464. 

30.  Kouider S, de Gardelle V, Sackur J, 
Dupoux E. How rich is consciousness? 
The partial awareness hypothesis. Trends 
Cogn Sci. 2010;14(7):301-307. 

31.  Tu S, Qiu J, Martens U, Zhang Q. 
Category-Selective attention modulates 
unconscious processes in the middle 
occipital gyrus. Consciousness and 
Cognition. 2013;22(2):479-485. 

32.  Rao RPN, Ballard DH. Predictive coding in 
the visual cortex: A functional interpretation 
of some extra-classical receptive-field 
effects. Nat Neurosci. 1999;279-87. 

33.  Tu S, Jou J, Cui Q, Zhao G, Hitchman G, 
Wang K, et al. Category-Selective 



 
 
 
 

Liu et al.; BJESBS, 7(3): 220-231, 2015; Article no.BJESBS.2015.086 
 
 

 
230 

 

Attention Interacts with Partial Awareness 
Processes in a Continuous Manner. 
2015;Submitted. 

34.  Del Cul A, Baillet S, Dehaene S. Brain 
dynamics underlying the nonlinear 
threshold for access to consciousness. 
PLos Biology. 2007;5(10):e260. 

35.  Sergent C, Baillet S, Dehaene S. Timing of 
the brain events underlying access to 
consciousness during the attentional blink. 
Nat Neurosci. 2005;8(10):1391-1400. 

36.  Gonzalez CMG, Clark VP, Fan S, Luck SJ, 
Hillyard SA. Sources of attention-sensitive 
visual event-related potentioals. Brain 
Topograhy. 1994;7(1):41-51. 

37.  Martinez A, Anllo-Vento L, Sereno MI, 
Frank LR, Buxton RB, Dubowitz DJ, et al. 
Involvement of striate and extrastriate 
visual cortical areas in spatial attention. 
Nat Neurosci. 1999;2(4):364-369. 

38.  Pourtois G, Grandjean D, Sander D, 
Vuilleumier P. Electrophysiological 
correlates of rapid spatial orienting towards 
fearful faces. Cereb Cortex. 2004;14(6): 
619-633. 

39.  Pourtois G, Rauss KS, Vuilleumier P, 
Schwartz S. Effects of perceptual learning 
on primary visual cortex activity in humans. 
Vision Res. 2008;48(1):55-62. 

40.  Luo YJ, Huang YX, Li XY, Li XB. Effects of 
Emotion on cognitive processing: Series of 
event-related potentials study. Advances in 
Psychological Science (Chinese). 2006; 
14(4):505-510. 

41.  Joyce C, Rossion B. The face-sensitive 
N170 and VPP components manifest the 
same brain processes: The effect of 
reference electrode site. Clin Neurophysiol. 
2005;116(11):2613-2631. 

42.  Luck SJ, Heinze HJ, Mangun GR, Hillyard 
SA. Visual event-related potentials index 
focused attention within bilateral stimulus 
arrays. II. Functional dissociation of P1 and 
N1 components. Electroencephalography 
and Clinical Neurophysiology. 1990;75(6): 
528-542. 

43.  O'Donnell BF, Swearer JM, Smith LT, 
Hokama H, McCarley RW. A topographic 
study of ERPs elicited by visual feature 
discrimination. Brain Topogr. 
1997;10(2):133-143. 

44.  Sadeh B, Podlipsky I, Zhdanov A, Yovel G. 
Event�related potential and functional MRI 
measures of face�selectivity are highly 
correlated: A simultaneous ERP�fMRI 
investigation. In. 2010;1490-1501. 

 

45.  Jeffreys DA, Axford JG. Source locations 
of pattern-specific components of human 
visual evoked potentials. I. Component of 
striate cortical origin. Exp Brain Res. 1972; 
16(1):1-21. 

46.  Jeffreys DA, Axford JG. Source locations 
of pattern-specific components of human 
visual evoked potentials. II. Component of 
extrastriate cortical origin. Exp Brain Res. 
1972;16(1):22-40. 

47. Giard MH, Peronnet F. Auditory-visual 
integration during multimodal object 
recognition in humans: A behavioral and 
electrophysiological study. J Cognitive 
Neurosci. 1999;11(5):473-490. 

48.  Molholm S, Ritter W, Murray MM, Javitt 
DC, Schroeder CE, Foxe JJ. Multisensory 
auditory-visual interactions during early 
sensory processing in humans: A high-
density electrical mapping study. Cognitive 
Brain Res. 2002;14(1):115-128. 

49.  Rauss K, Schwartz S, Pourtois G. Top-
down effects on early visual processing in 
humans: A predictive coding framework. 
Neuroscience &Biobehavioral Reviews. 
2011;35(5):1237-1253. 

50.  Handy TC, Soltani M, Mangun GR. 
Perceptual load and visuocortical 
processing: Event-related potentials reveal 
sensory-level selection. Psychological 
Science. 2001;12(3):213-218. 

51.  Heinze HJ, Mangun GR, Burchert W, 
Hinrichs H, Scholz M, Munte TF, et al. 
Combined spatial and temporal imaging of 
brain activity during visual selective 
attention in humans. Nature. 1994;372 
(6506):543-546. 

52.  Noesselt T, Hillyard SA, Woldorff MG, 
Schoenfeld A, Hagner T, Jancke L, et al. 
Delayed striate cortical activation during 
spatial attention. Neuron. 2002;35(3):575-
587. 

53.  Kelly SP, Gomez-Ramirez M, Foxe JJ. 
Spatial attention modulates initial afferent 
activity in human primary visual cortex. 
Cereb Cortex. 2008;18(11):2629-2636. 

54.  Grossberg S. The link between brain 
learning, attention, and consciousness. 
Consciousness and Cognition. 1999;8(1): 
1-44. 

55.  Reber TP, Henke K. Integrating unseen 
events over time. Consciousness and 
Cognition. 2012;21(2):953-960. 

56.  Tu S, Martens U, Zhao G, Pan W, Wang T, 
Qiu J, et al. Subliminal faces with different 
valence: Unconscious mismatch detection 
indicates interactions between 



 
 
 
 

Liu et al.; BJESBS, 7(3): 220-231, 2015; Article no.BJESBS.2015.086 
 
 

 
231 

 

unconscious processing. World Journal of 
Neuroscience. 2013;3(4). 

57.  van Gaal S, Naccache L, Meuwese JD, 
van Loon AM, Leighton AH, Cohen L, et al. 
Can the meaning of multiple words be 
integrated unconsciously? Philosophical 
Transactions of the Royal Society B: 
Biological Sciences. 2014;369(1641): 
20130212. 

58.  Tu S, Zhao G. A way of integration: The 
relationship between conscious and 

unconscious processes. Advances in 
Psychology. 2014;4(3):373-384. 

59.  Tu S. The relationship between conscious 
and unconscious processes - The 
interactions between unconscious 
processes and the top-down continuous 
modulations on partial awareness 
processes. Saarbrücken, Germany: 
LAMBERT Acedemic Publishing; 2014. 

 

_________________________________________________________________________________ 
© 2015 Liu et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sciencedomain.org/review-history.php?iid=1025&id=21&aid=8500 
 


	University of Texas Rio Grande Valley
	ScholarWorks @ UTRGV
	3-17-2015

	Category-selective Attention Modulates Unconscious Processing: Evidence from ERP
	Chengzhen Liu
	Zhiyi Sun
	Jerwen Jou
	Ulla Martens
	Qinlin Yang
	See next page for additional authors
	Recommended Citation
	Authors


	

