


presented to the two eyes that cannot be merged to a single visual

percept, binocular rivalry occurs. Observer’s perception switches

back and forth between the two incompatible pictures, that is, they

compete for perceptual dominance [17]. Some factors could boost

the strength of one rival picture over another, such as high-

contrast, brighter stimulus, moving contours, densely contoured,

and stimuli presented in dominant eye [18]. Accordingly, the

‘stronger’ competitor enjoys an advantage in overall perceptual

dominance. Jiang et al. [19] took advantage of binocular rivalry to

study the effect of invisible images on the distribution of spatial

attention. In their study, high contrast dynamic noise was

presented to the dominant eye, and a meaningful picture was

presented to the non-dominant eye. Because of the strong inter-

ocular suppression by the dynamic noise, subjects were completely

unaware of the meaningful picture. They found that a 800 ms

presentation of invisible pictures could result in attentional bias

and the bias was dependent on subjects’ gender. This experimental

paradigm is also call binocular suppression because of the

imbalance of the strength of the two competing stimuli. In our

study, we will use binocular suppression to render images invisible

for a long presentation and investigate attentional bias at

unconscious level.

We suspect that the failure to find attentional avoidance of

threatening stimuli in many previous studies might be, at least

partially, attributed to data analysis regardless of participants’

gender. Many researches have indicated that there are gender

differences in attention to and appraising of threat, which means

females are more sensitive to threat-related cues than males and

tend to overestimate the level of danger [20,21]. McClure et al.

[22] also found that orbitofrontal cortex and amygdala were

selectively activated to unambiguous threatening stimuli in adult

women but not men. What’s more, some researches interested

in gender differences in anxiety disorders [23–25] have shown

that female suffer anxiety disorder much more frequently than

male [11,26,27]. Waters and Valvoi [28] also proposed that

there might be different ways for anxious and non-anxious girls

to regulate their attention towards threatening faces. Thus, we

proposed that there might be gender differences in the

attentional bias to threatening cues and taking this variable



participants were required to press one of two buttons to indicate

their perceived orientation of the gabor patch regardless of the side

of presentation (see Figure 2).

Total 256 trials were randomized across experimental condi-

tions, including position of face image (left or right to the fixation

point), position of the gabor probe (left or right to the fixation

point), face emotion (fearful or happy), face gender (male or

female) and visibility (visible or invisible). These trials were divided

into four blocks, 64 trials for each block.

Before the experiment, participants practiced 50 trials for the

invisible condition to get familiar with the experimental procedure.

Those who reported seeing face images in the invisible condition

were excluded from the experiment.

Design. For the independent variables, the between-subject

variables were group (high trait anxiety vs. low trait anxiety) and

gender (female vs. male). The within-subject variables were

emotion (fearful vs. happy) and visibility (visible vs. invisible).

The dependent variable was the orientation discrimination

accuracy of the gabor patch. The working hypothesis was that if

there were attentional effects (either bias or avoidance) induced by

the emotional pictures as a cue, the discrimination accuracy would

be increased or decreased. We quantified attentional effect as the

discrimination accuracy of the gabor probe presented at the

position of the intact image minus the discrimination accuracy of

the gabor probe presented at the position of the scrambled image,

following the method in Jiang et al. (2006) [19].

A positive value of attentional effect indicated attentional bias,

which meant that attention was oriented toward emotional images,

and a negative value indicated attentional avoidance, which meant

that attention was oriented away from emotional images.

Attentional effects were analyzed separately for the visible

condition and the invisible condition, and the later one was one

of the focuses of this study.

Results
Visible condition. Attentional effects by happy and fearful

faces in HTA and LTA groups are presented in Figure 3. A

26262 mixed-design ANOVA, with face emotion (happy/fearful)

as within-subject variable, and anxiety state (HTA/LTA) and

gender (female/male) as between-subject variables, revealed only a

marginal effect for state 6 gender (F (1, 44) = 3.75, p = 0.059), no

other significant main effect and interaction.

Invisible condition. Attentional effects by happy and fearful

faces in HTA and LTA groups are presented in Figure 4.

A similar 2 (face emotion)62 (anxiety state)62 (gender) mixed-

design ANOVA showed a significant interaction between emotion

and gender (F (1, 44) = 6.59, p = 0.014), which indicated a gender

difference of attentional effect induced by emotional pictures. The

interaction between gender and anxiety state was significant (F (1,

44) = 4.77, p = 0.034), suggesting that the gender difference of

Figure 1. A sample stimulus in the invisible condition. The left image was presented to the non-dominant eye and the right image was
presented to the dominant eye.
doi:10.1371/journal.pone.0020305.g001

Figure 2. A schematic description of the experimental proce-
dure in the invisible condition.
doi:10.1371/journal.pone.0020305.g002
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attentional effect was dependent on anxiety state. Thus, we

performed 2 (face emotion)62 (gender) ANOVA s for the HTA

and LTA groups separately. The interaction between face emotion

and gender reached a significant level in the HTA group (F (1,

22) = 5.35, p = 0.031), but not in the LTA group (F (1, 22) = 1.89,

p = 0.183). In addition, the HTA group also exhibited a marginally

significant gender effect (F (1, 22) = 4.11, p = 0.055). A one sample

t-test was conducted to further confirm the effect of interaction,

and revealed that female participants in the HTA group showed a

significant attentional bias towards fearful faces (t (11) = 2.66,

p = 0.022). It is also worth noting that male participants in the

HTA group showed a marginally significant attentional avoidance

of fearful faces (t (11) = 2.01, p = 0.069).

Experiment 2

In Experiment 1, we found a marginally significant attentional

effect (avoidance) by fearful faces for HTA male participants in the

invisible condition. It might be due to a small sample size (12

participants). Here, we conducted a second experiment employing

a similar procedure with more participants. We also included

neural face pictures as stimuli to examine if there was any

difference between neural faces and emotional (happy or fearful)

faces.

Methods
Participant. The experiment was conducted in accordance

with general ethical guidelines in psychology. We have obtained

written informed consent from all participants and the process was

approved by the ethics committee in Peking University.

Participants were also recruited from the pool of 1200 college

students at Peking University. 18 HTA females and 18 HTA males

participated in the experiment. The range of their age was 19–26

years, and their STAI-TAI scores were in Table 2.

Stimuli and Procedure. Neutral face images were also from

the Chinese Affective Picture System (CAPS) [34] and the

experimental procedure was the same as that in Experiment 1.

Figure 3. Attention bias and avoidance by happy and fearful faces in the visible condition. The results indicated no significant main
effect or interaction. Error bars denote 1 SEM calculated across subjects.
doi:10.1371/journal.pone.0020305.g003

Figure 4. Attention bias and avoidance by happy and fearful faces in the invisible condition. The results indicated a gender difference of



Design. A between-subject independent variable was gender

(female vs. male). Within-subject independent variables were

emotion (fearful vs. neutral vs. happy) and visibility (visible vs.

invisible). Data were analyzed separately for the visible condition

and invisible condition.

Results
Attentional effects by neutral, happy and fearful faces in the

HTA group were presented in Figure 5. A 2 (female/male)63

(happy/neutral/fearful) mixed-design ANOVA was performed for

the visible condition and invisible condition separately.

No significant effects were found in the visible condition. In the

invisible condition, the interaction of gender and emotion was

significant (F (2, 33) = 5.6, p = 0.008), and the main effect of gender

was also significant (F (1, 34) = 8.62, p = 0.006). A one sample t-test

found that, female participants exhibited attentional bias to fearful

faces (t (17) = 2.89, p = 0.01), while male participants exhibited

attentional avoidance of fearful faces (t (17) = 23.75, p = 0.002).

This result supported that there was gender difference in HTA

population. Additionally, we did not find attentional effects by

both neutral and happy faces (see Figure 5).

Discussion

Using binocular suppression to render face images invisible, we

found that invisible fearful faces could alter the distribution of

spatial attention in HTA individuals. The attentional effect was

gender-dependent. Specifically, HTA males showed attentional

avoidance of invisible fearful faces, but HTA females showed

attentional bias towards them. No significant attentional effect was

found in the visible condition, in LTA individuals, and with

neutral and happy face images.

Consistent with previous studies [5,12,35], we did not find

attentional avoidance of fearful faces in the HTA group in the

visible condition. Such a reliable observation across 800 ms,

1250 ms and 1500 ms presentation duration demonstrates that the

null effect is not likely to be an artifact and this observation cannot

be fully explained by the ‘‘vigilance-avoidance’’ model proposed

by Mogg and Bradley (1998). On the other hand, the attenitonal

effect in the invisible condition and its gender difference support

our hypotheses and make us to re-think about cognitive processes

at unconscious level.

In the invisible condition, HTA male participants exhibited

attention avoidance of fearful faces, which can be considered to

have some positive values. Recent models about attention to threat

[7,8,36] have emphasized the adaptive value of strategic

attentional avoidance in some situations. For example, when

some stimuli need not to be processed immediately, attention

avoidance could be a good strategy to complete current tasks [8],

or regulate mood by avoid processing negative information [37].

HTA female participants exhibited attention bias to fearful faces.

The bias may not indicate attention shift to the threatening images

because of their long presentation. Instead, it might reflect female

participants’ difficulty to disengage their attention from threaten-

ing stimuli. Since the shift of spatial attention could be operated at

a fine temporal scale (e.g. 200–300 ms, see [38]), the 800 ms

presentation time in our study is sufficient for participants to move

attention towards and away from non-prefered stimuli. The

disengage difficulty in HTA female participants may reflect their

excessive processing in threatened materials [39]. This result is

consistent with a previous study that women may tend to

overestimate the potential of threat, and are more anxiety sensitive

than men [40]. This might have some implications for clinical

practice. MacLeod and Hagan [41] had females who were waiting

for gynecology procedure to do a masked Stroop task and told

some of them that they have been diagnosed cervicitis. They

showed that attentional bias induced by subliminal stimuli could

predict the following emotional collapse. Thus, subliminal

attentional bias could reflect one’s vulnerability to stress. The

Table 2. STAI-TAI scores of female and male participants in
HTA group and T-Test between two genders.

Female Male t P

HTA 52.83(9.77) 52.83(6.64) 0.00 1.00

doi:10.1371/journal.pone.0020305.t002

Figure 5. Attention bias and avoidance by neutral, happy and fearful faces in the invisible condition. Female participants exhibited
attentional bias to fearful faces, while male participants exhibited attentional avoidance of fearful faces. This result supported that there was gender
difference in HTA population. Additionally, we did not find attentional effects by both neutral and happy faces. Error bars denote 1 SEM calculated
across subjects.
doi:10.1371/journal.pone.0020305.g005
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HTA females in our study may be vulnerable to fearful faces, so

that they could not direct their attention away from the negative

information.

Our study emphasizes two important issues in psychopatholog-

ical researches. One is consciousness manipulation, the other is

gender difference. Previous studies [8,42,43] have tried different

presentation durations to manipulate consciousness, some of which

were combined with backward masking. Cognitive information

processing at conscious level typically involves both bottom-up and

top-down processes. On the other hand, unconscious processing is

usually considered to a bottom-up process, which might reflect an

instinctive process without top-down cognitive controls [44].

Measuring emotional processing at conscious level usually suffers

the cognitive inferences (e.g. strategies) from top-down processes,

which might prevent a direct measure of the instinctive process.

Using invisible stimuli is a feasible way to overcome this difficulty.

The finding of attentional effect only in the invisible condition

supports our view. What’ more, from the psychodynamic

perspective, our result may also reflect the different unconscious

effect of previous psychological experiences on HTA and LTA

individuals. It should also be noted that binocular suppression has

many advantages for studying unconscious emotional processing

(e.g. the long and complete suppression of stimuli out of awareness,

see the review by Kim and Blake [45]). The technique has been

used to accurately predict sexual orientation [19]. It is worthwhile

to apply this technique to other emotional researches.

We demonstrated the existence of gender difference in anxiety

population and suggested the importance of balancing partici-

pants’ gender in future studies. Previous studies used anxious

participants with different ratios of genders, which generated

distinctive conclusions. Our study adopted equal numbers of

female and male participants and found significant, but different,

attentional effects for each gender. Future studies should consider

gender difference as an important factor in anxiety research.

In conclusion, we found attentional effects induced by fearful

faces at unconscious level, and the effects were distinct for male

and female participants. These findings may contribute to our

understanding of gender difference in anxiety disorder.
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