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Abstract
Eye gaze plays a fundamental role in social interaction and facial recognition. However, interference processing between gaze
and other facial variants (e.g., expression) and invariant information (e.g., gender) remains controversial and unclear, especially
the role of facial information discriminability in interference. A Garner paradigm was used to conduct two experiments. This
paradigm allows simultaneous investigation of the mutual influence of two kinds of facial information in one experiment. In
Experiment 1, we manipulated facial expression discriminability and investigated its role in interference processing of gaze and
facial expression. The results show that individuals were unable to ignore expression when classifying gaze with both high and
low discriminability but could ignore gaze when classifying expression with high discriminability only. In Experiment 2, we
manipulated gender discriminability and investigated its function in interference processing of gaze and gender. Participants were
unable to ignore gender when classifying gaze with both high and low discriminability but could ignore gaze when classifying
gender with low discriminability only. The results indicate that gaze categorization is affected by facial expression and gender
regardless of facial information discriminability, whereas interference of gaze on facial expression and gender depends on the
degree of discriminability. The present study provides evidence that the processing of gaze and other variant and invariant
information is interdependent.
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The face is the most important visual stimulus for human
social and nonverbal interactions because it conveys not only
invariant information (e.g., gender and identity) but also var-
iant information (e.g., expression and gaze; Haxby et al.,
2000). The eyes are the most significant facial features
(Firestone et al., 2007; Henderson et al., 2005; Schyns et al.,
2002; Vinette et al., 2004) because they direct our attention
with the gaze. Numerous studies have shown that gaze plays a
fundamental role in recognizing facial emotion, gender, and
identity (Itier & Batty, 2009, for a review). However, interfer-
ence processing of gaze and other variant or invariant infor-
mation remains inconsistent across studies. Interference pro-
cessing refers to how processing of one facial dimension in-
fluences the perception of the other. In other words, individ-
uals are unable to pay selective attention to one facial dimen-
sion while ignoring the other (Atkinson et al., 2005).

A growing body of studies has focused on the processing of
gaze and expression since expressions are important social
communicative cues and can convey mental state or intention.
According to the distributed neural model for face perception
(Haxby et al., 2000), there is interactive processing of gaze
and expression, which are variant information. The imaging
evidence supports functional overlapping regions (i.e., the su-
perior temporal sulcus) of gaze and expression (Haxby et al.,
2002). However, the nature of the combined processing of
expression and gaze remains unclear in imaging evidence.
More direct behavioral studies using different paradigms
found that the perception of gaze influences the processing
of expression (Adams & Kleck, 2003, 2005; Bindemann
et al., 2008; Rigato et al., 2013), and also the opposite
(Adams & Franklin, 2009; Bayless et al., 2011; McCrackin
& Itier, 2019; Milders et al., 2011).

Notably, the symmetrical interference of expression and
gaze processing was observed using the Garner paradigm
(Ganel et al., 2005; see Experiment 1). This paradigm allows
simultaneous investigation of the mutual influence of two dif-
ferent aspects of facial information in one experiment, manip-
ulating the relevant and irrelevant task information of the same
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stimulus (Garner, 1976; Karnadewi & Lipp, 2011). To assess
this, baseline and orthogonal blocks are used for each set of
categorization tasks. In the baseline block, information rele-
vant to the task (e.g., expression) varies while the irrelevant
information (e.g., gaze) is constant (e.g., happy-direct and sad-
direct). In the orthogonal block, both relevant and irrelevant
information vary so that all possible combinations of the two
are found (e.g., happy-direct, happy-averted, sad-direct, sad-
averted). The logic of this paradigm is that if relevant and
irrelevant information is processed independently, it is easy
to ignore irrelevant information and respond to relevant infor-
mation. Thus, equal performance is observed in the baseline
and orthogonal blocks. Alternatively, the worse performance
of the orthogonal relative to the baseline block (i.e., the Garner
effect) indicates that relevant information has interference
from irrelevant information.

However, not all studies employing the Garner paradigm
found symmetrical interference of expression and gaze.
Asymmetrical interference was observed by Graham and
LaBar (2007); see Experiments 1 and 2). Expression impacted
gaze processing, but not the reverse. Graham and Labar pro-
pose that the asymmetrical interference might result from the
fact that facial expression is more discriminable than gaze, and
expression is processed before gaze has time to interfere. So,
symmetrical interference occurs when the difficulty of judging
the expression increases. This difficulty takes two forms—a
morphed expression and expressions that are often confused
with one another (e.g., fear and surprise; Graham & Labar,
2007; see Experiments 3 and 4). These findings suggest that
relative discriminability might be a contributor to inconsis-
tencies among previous studies. Meanwhile, the asymmetrical
interference of expression and gaze in other studies might also
result from expression discriminability. Different actors were
photographed expressing emotions, so they were expressed
with differing degrees of intensity (Adams & Franklin,
2009; Adams & Kleck, 2005), which may affect discrimina-
bility. Thus, discriminability should be considered in interfer-
ence processing of expression and gaze.

Another controversial issue in the facial perception lit-
erature addressed in this study is interference processing
of invariant and variant information. A large body of ev-
idence demonstrates that they are processed independently
(Abbruzzese et al., 2019; Dores et al., 2020; Hester, 2019;
Li & Tse, 2016; Murphy & Ward, 2017; H. Wang et al.,
2017), but others demonstrate symmetrical or asymmetri-
cal interference (Karnadewi & Lipp, 2011; Schuch et al.,
2012; Yankouskaya et al., 2012). Importantly, Y. Wang
et al. (2013) observed the discriminability effect on inter-
ference processing of facial identity (invariant informa-
tion) and expression (variant information) with the
Garner paradigm. They confirm the previous opinion that
a more discriminated facial dimension interferes with the
processing of a less discriminated dimension, but not vice

versa. This finding suggests that discriminability should
not be neglected when analyzing the processing of invari-
ant and variant information.

Additionally, individuals show sexual dimorphism, an im-
portant classification in an encounter with a new person.
Gender categorization moderates social interactions and leads
to stereotype behaviors (though often inaccurate; Zhang et al.,
2018). However, mixed results were also found regarding
interference processing of gender and gaze. An imaging study
found that assessing gaze and gender evoked a greater activa-
tion of the right superior temporal sulcus and the left fusiform
gyrus, respectively (Cloutier et al., 2008). Behavioral studies
observe that gender categorization is facilitated by direct
(Macrae et al., 2002) or averted gaze (Vuilleumier et al.,
2005). Recently, McCrackin and Itier (2019) examined how
gaze was processed differently as a function of the task being
performed. As a result, gender discrimination was not affected
by gaze direction at the behavioral level, but more positive
amplitudes (220–290 ms) were observed for averted gaze than
for direct gaze at the neural level in the gender discrimination
task. Taken together, these studies show that processing of
gender and gaze is not completely independent. The symmet-
rical or asymmetrical interference of facial gender and gaze is
poorly understood, especially in the Garner paradigm. More
importantly, the effect of discriminability on interference pro-
cessing of gender and gaze is unclear.

The current study manipulates the discriminability of
expression and gender to investigate whether there is
asymmetrical or symmetrical interference processing of
expression and gaze and interference processing of gender
and gaze with the Garner paradigm, especially whether
interference processing is influenced by discriminability.
Specifically, Experiment 1 investigates the role of expres-
sion discriminability in interference processing of expres-
sion and gaze, and Experiment 2 investigates the role of
gender discriminability in interference processing of gen-
de r and gaze . Acco rd ing to p r ev iou s s t ud i e s
(Atkinson et al., 2005; Graham & LaBar, 2007), the
Garner effect and the interaction between two facial di-
mensions (Experiment 1: gaze vs. expression; Experiment
2: gaze vs. gender) have the same results for interference
processing. We hypothesize that a Garner effect or an
interaction effect will be observed if there is interference
processing of expression and gaze and interference pro-
cessing of gender and gaze. According to previous studies
(Graham & Labar, 2007; Y. Wang et al., 2013), we expect
the less discriminable dimension to be affected by the
more discriminable dimension, but not vice versa. In ad-
dition, to examine whether interference of invariant and
variant information on one area of variant information
was modulated by discriminability, we focus on whether
interference in gaze from expression and gender differs as
a function of discriminability.
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Experiment 1: Expression versus gaze

The interactions between expression and gaze have been
widely investigated using the Garner paradigm (Ganel et al.,
2005; Graham & LaBar, 2007). Experiment 1 attempts to
extend the previous results in two directions. First, the dis-
criminability of expression indicates the difficulty of classify-
ing different expressions. Morphed and confusing expressions
were used to manipulate the difficulty of classifying expres-
sions in previous studies (Graham & LaBar, 2007). However,
different actors may display different degrees of intensity
when demonstrating expressions and may influence expres-
sion discriminability. To this end, we define and directly ma-
nipulate the expression discriminability using the assessment
of participants. Second, previous studies indicate that the
approach-related expressions (e.g., happiness and anger) ben-
efit from direct gaze, while the avoidance-related expressions
(e.g., sad and fearful) benefit from averted gaze (Adams &
Kleck, 2003; Ganel et al., 2005). Few studies have used sur-
prise as an expression to investigate interference processing of
expression and gaze. “Surprise” shares many facial features
with “fear” and has ambiguous valence (Fontaine et al., 2007;
Gosselin & Simard, 1999; Lassalle & Itier, 2013). Thus, we
chose the combination of anger and surprise to investigate the
interaction of expression and gaze.

Method

Participants

Using the effect size of η2 p = 0.065–0.084 on Garner effect
(P. Wang et al., 2018), a priori power analysis was conducted
with G*Power 3.1 (Faul et al., 2007) to reveal that at least 24–
31 participants would be required for 80% power to detect the
Garner effect with an alpha level of 0.05. Thirty-two partici-
pants (21 females, 18–22 years old, mean age = 19.4 years)
were recruited. All participants were healthy and right-hand-
ed, with normal or corrected-to-normal vision. The research
protocol was approved by the local Institutional Review
Board (IRB) of the School of Psychology, Shandong
Normal University, and all participants gave written informed
consent before the experiment.

Apparatus and materials

Forty actors (20 females) were randomly generated by FaceGen
Modeller (Singular Inversions, 2006; https://facegen.com).
Twelve stimuli from each actor were produced, constituted by
the combination of expression (anger, surprise), expression
discriminability (high, low) and gaze direction (direct, right,
left). The averted gaze stimuli were left and right gaze. The
discriminability of expression was modulated by FaceGen.
High expression discriminability was achieved by setting the

expression intensity at 1, while low expression discriminability
was set at 0.4. Thirty people, who did not participate in the
formal experiment, were exposed to a 7-point score (1 = very
low, 7 = very high) test on expression discriminability (i.e.,
intensity) of 480 facial stimuli. To eliminate contamination of
facial identity, only the actor with a significant difference in
discriminability for both anger and surprise was used in the
formal experiment. As a result, only four actors (two females,
two males) were used. The mean difference between high and
low discriminability for the angry expression was significant (5.
52 ± 1.21 vs. 3.35 ± 1.27), t(29) = 9.08, p < .01, Cohen’s d = 1.
75, as was surprise (3.56 ± 1.08 vs. 2.74 ± .97), t(29) = 1.77, p <
.01, Cohen’s d = .80. Thus, a total of 48 pictures (females:
males = 1:1) were used in Experiment 1.

All images were converted to grayscale and cropped to
eliminate background, ears, hair, and neck, using Adobe
Photoshop CS5 software (California, USA). These images
were set against a white background and presented on a 14-
inch monitor (resolution: 1,024 × 768; refresh rate: 60 Hz)
with E-Prime 2.0 software. The viewing distance was 60
cm. The stimulus size was 4° × 5.5° (113 × 156 pixels).

Design and procedure

The experiment adopted a 2 (block: baseline, orthogonal) × 2
(gaze: direct, averted) × 2 (expression: angry, surprise) × 2
(task: gaze, expression) × 2 (expression discriminability: high,
low) within-subjects design. In the baseline block, the task
relevant dimension (e.g., gaze) varies while the task irrelevant
dimension (e.g., expression) is constant (i.e., angry-direct and
angry-averted, Fig. 1a; or surprise-direct and surprise-
averted). In the orthogonal block, both the task relevant and
irrelevant dimensions vary so that all four possible combina-
tions of the two dimensions are contained (i.e., angry-direct,
angry-averted, surprise-direct, and surprise-averted, Fig. 1a).
In the expression task, participants were required to make a
two-alternative judgment of expression (surprise or angry). In
the gaze task, participants were required to make a two-
alternative judgment of gaze direction (direct or averted).
Half of Experiment 1 employed high expression discrimina-
bility faces (Experiment 1a); the other half used low expres-
sion discriminability faces (Experiment 1b).

Each trial began with a fixation cross for 400 ms, immedi-
ately followed by a facial stimulus for 1,500 ms in the center
of the screen. Participants were required to press the keyboard
based on the categorization tasks (e.g., direct gaze press “F”;
averted gaze press “J”) after the onset of the facial stimuli.
Face stimuli disappeared after a response or after 1,500 ms,
and participants were asked to make responses in 1,500 ms.
The interval between the trials was random, from 200 to
300ms (Fig. 1b). Reaction time (RT) and accuracy (ACC)
were recorded, and we handled these data with SPSS 21.0
software (IBM Corp, Armonk, NY). Each condition had 32
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trials, with a total of 1,024. The order of block presentation
was random for each participant. The order of high and low
expression discriminability was counterbalanced across
participants.

Results

High and low expression discriminability

RT and ACC were subjected to a repeated-measures analysis
of variance (ANOVA), with expression discriminability (high
vs. low), task (gaze vs. expression), block (baseline vs. orthog-
onal), gaze (direct vs. averted), and expression (anger vs. sur-
prise) as within-subjects variables. The Expression
Discriminability × Task interaction was significant, RT: F(1,
31) = 36.76, p < .001, η2 p = .54; ACC: F(1, 31) = 28.64, p <
.001, η2 p = .48. Participants made expression judgment faster
than gaze judgment under high expression discriminability (p
< .001). The RT of the gaze task of Experiment 1a and 1b was
551 ± 11.32 and 553 ± 11.02 ms, respectively. The ACC of
the gaze task of Experiment 1a and 1b was 91.6% ± .8% and
93.0% ± .5%, respectively. The RT of the expression task of
Experiment 1a and 1b was 476 ± 8.21 and 538 ± 10.22 ms,
respectively (p < .001). The ACC of the expression task of
Experiments 1a and 1b was 94.5% ± .8% and 89.0% ± 1.1%,
respectively (p < .001). No speed–accuracy trade-off was
found for the gaze and expression tasks. These results suggest
that high expression discriminability has a shorter RT and
higher ACC than low expression discriminability. The
ANOVA also revealed the significant Expression
Discriminability × Task × Gaze × Expression interaction,
RT: F(1, 31) = 8.98, p < .01, η2 p = .23; ACC: F(1, 31) =
12.00, p < .01, η2 p = .28, and the significant Task × Block ×
Gaze × Expression interaction, RT: F(1, 31) = 20.18, p < .001,
η2 p = .39; ACC: F(1, 31) = 13.24, p < .001, η2 p = .30.

To further evaluate the role of discriminability in interfer-
ence processing of gaze and expression, a 2 (block: baseline,
orthogonal) × 2 (gaze: direct, averted) × 2 (expression: anger,
surprise) repeated-measures ANOVA was performed

(Greenhouse–Geisser correction) on Experiments 1a and 1b
for each task. LSD correction was used for multiple-
comparison and post hoc analysis. Table 1 shows the main
effect of block and the Gaze × Expression interaction for gaze
and expression task under high (Exp. 1a) and low (Exp. 1b)
expression discriminability.

Experiment 1a: High expression discriminability

Gaze task

The RT results exhibit significant main effects of block, F(1,
31) = 9.79, p < .01, η2 p = .24; expression, F(1, 31) = 26.30, p
< .001, η2 p = .46; gaze, F(1, 31) = 6.33, p < .05, η2 p = .17.
The RT of the baseline condition was faster than orthogonal
(543 ± 12.43 vs. 560 ± 10.78 ms), indicating a Garner effect
(Fig. 2). Meanwhile, the Gaze × Expression interaction was
significant, F(1, 31) = 71.63, p < .001, η2 p = .70, showing
that the RT of surprise-direct faces was faster than that of
surprise-averted faces (530 ± 10.69 vs. 548 ± 10.55 ms, p <
.001) and angry-averted faces faster than angry-direct faces
(544 ± 12.54 vs. 583 ± 13.48 ms, p < .001; Fig. 3).
Additionally, the three-way Block × Gaze × Expression inter-
action was significant, F(1, 31) = 19.53, p < .001, η2 p = 0.39.
Further analysis showed that the RT of surprise-direct faces
was faster than that of surprise-averted faces (524 ± 10.94 vs.

Fig. 1 Illustration of stimuli in baseline and orthogonal blocks (a) and the experiment procedure (b)

Table 1 p values of the main effect of block and the Gaze × Expression
interaction in Experiment 1

Block Gaze × Expression

RT ACC RT ACC

Gaze task Exp. 1a .004** .005** .001*** .001***

Exp. 1b .009** .901 .001*** .001***

Expression task Exp. 1a .143 .699 .241 .052

Exp. 1b .022* .061 .167 .673

Note. “*” indicates the difference was < .05, “**” indicates the difference
was < .01, “***” indicates the difference was < .001
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533 ± 11.75 ms, p < .029) and angry-averted faces faster than
angry-direct in the baseline block (546 ± 14.38 vs. 570 ±
15.82 ms, p < .009). The RT of surprise-direct faces was faster
than that of surprise-averted faces (538 ± 11.80 vs. 563 ±
10.25 ms, p < .001) and angry-averted faces faster than
angry-direct faces in the orthogonal block (543 ± 11.82 vs.
596 ± 12.07 ms, p < .001).

The ACC results exhibit significant main effect of block,
F(1, 31) = 9.26, p < .01, η2 p = .23; expression, F(1, 31) =
22.15, p < .001, η2 p = .42. The baseline ACCwas higher than
orthogonal (92.8% ± .8% vs. 90.5% ± .9%), indicating a
Garner effect. Meanwhile, the Gaze × Expression interaction
was significant, F(1, 31) = 56.18, p < .001, η2 p = .64, show-
ing that the ACC of surprise-direct faces was higher than
surprise-averted faces (96.6% ± .5% vs. 89.4% ± 1.0%, p <
.001) and that the ACC of angry-averted faces was higher than
angry-direct faces (92.3% ± .9% vs. 88.3% ± 1.3%, p < .01).
Likewise, the three-way Block × Gaze × Expression interac-
tion was significant, F(1, 31) = 29.05, p < .001, η2 p = .48.
Further analysis showed that the ACC of surprise-direct faces
was higher than surprise-averted faces in the baseline block
(95.7% ± .7% vs. 91.9% ± .8%, p < .001), the ACC of
surprise-direct faces was higher than surprise-averted faces

(97.5% ± .6% vs. 86.8% ± 1.4%, p < .001), and angry-
averted faces was higher than angry-direct faces in the orthog-
onal block (92.3% ± 1.0% vs. 85.4% ± 1.7%, p < .002).

Expression task

There were no significant RT results,Fs ≤ 2.71, ps ≥ .110. The
ACC results exhibited significant main effect of expression,
F(1, 31) = 4.56, p < .05, η2 p = .13. The ACC of surprise was
higher than that of anger (95.1% ± .8% vs. 93.9% ± .9%).

Experiment 1b: Low expression discriminability

Gaze task

The RT results exhibit significant main effect of block, F(1,
31) = 7.85, p < .01, η2 p = .20; expression, F(1, 31) = 26.42, p
< .001, η2 p = .46; gaze, F(1, 31) = 13.35, p = .001, η2 p = .30.
The baseline RT was faster than orthogonal (542 ± 11.75 vs.
564 ± 11.60 ms), indicating a Garner effect (Fig. 2).
Meanwhile, the Gaze × Expression interaction was signifi-
cant, F(1, 31) = 67.78, p < .001, η2 p = .69, showing that
the RT of angry-averted faces was faster than angry-direct
faces (543 ± 11.29 vs. 580 ± 12.24 ms, p < .001; Fig. 3).
Also, the three-way Block × Gaze × Expression interaction
was significant, F(1, 31) = 23.28, p < .001, η2 p = .43. Further
analysis showed that the RT of surprise-direct faces was faster
than surprise-averted faces (546 ± 11.93 vs. 564 ± 12.35 ms, p
< .004), and angry-averted faces was faster than angry-direct
in the orthogonal block (547 ± 10.89 vs. 599 ± 13.13 ms, p <
.001).

The ACC results exhibit significant main effect of expres-
sion, F(1, 31) = 9.04, p < .01, η2 p = .23.Meanwhile, the Gaze
× Expression interaction was significant, F(1, 31) = 28.75, p <
.001, η2 p = .48, showing that the ACC of surprise-direct faces
was higher surprise-averted (95.9% ± .5% vs. 92.0% ± .8%, p
< .001). What is more, the three-way Block × Gaze ×
Expression interaction was significant, F(1, 31) = 11.36, p <
.01, η2 p = .27. Further analysis showed that the ACC of
surprise-direct faces was higher than surprise-averted faces

Fig. 2 Mean of the reaction times obtained in Experiment 1 for the
baseline and orthogonal conditions across gaze and expression tasks.
Error bars show the standard error. “*” indicates the difference was <
.05, “**” indicates the difference was < .01

Fig. 3 Mean of the reaction times to angry and surprise faces for gaze task. Error bars show the standard error. “***” indicates the difference was < .001
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(97.1% ± .5% vs. 91.3% ± 1.0%, p < .001) and angry-averted
was higher than angry-direct in the orthogonal block (94.2% ±
.8% vs. 89.4% ± 1.4%, p < .008).

Expression task

The RT results exhibit significant main effect of block, F(1,
31) = 5.84, p < .05, η2 p = .16, showing that the baseline RT
was faster than orthogonal (530 ± 11.54 vs. 547 ± 9.92 ms),
indicating a Garner effect (Fig. 2). The ACC results exhibit
significant main effect of expression, F(1, 31) = 22.70, p <
.001, η2 p = .42. The ACC of surprise was higher than that of
anger (93.2% ± .9% vs. 84.8% ± 1.8%).

Based on these results, the Garner effect was observed in
the gaze task of Experiment 1a (high expression discrimina-
bility) and the gaze and expression task of Experiment 1b (low
expression discriminability), suggesting asymmetrical inter-
ference of expression and gaze processing under high expres-
sion discriminability and symmetrical interference under low
expression discriminability.

Experiment 2: Gender versus gaze

Previous studies show that the direction of gaze affects facial
gender processing (Macrae et al., 2002; Vuilleumier et al.,
2005), suggesting that individuals are unable to ignore gaze
when responding to facial gender. However, it is unclear
whether individuals can ignore facial gender when responding
to gaze. If they cannot, the influence of gaze on facial gender
and of facial gender on gaze would be found, which would
contradict the proposal that facial variant and invariant infor-
mation are processed in parallel mode (Haxby et al., 2000).
Furthermore, we are interested in the role of facial gender
discriminability in interference processing of gender and gaze
because previous studies have observed that the discrimina-
bility affected interference processing of variant and invariant
information (i.e., expression and identity; Y. Wang et al.,
2013).

Method

Participants

Another 32 participants participated in Experiment 2, with one
individual excluded because accuracy was less than 30%.
Hence, 31 participants (21 females, 18–22 years old, mean
age = 19.81 years) were actually employed. All participants
were right-handed with normal or corrected-to-normal vision.
The research protocol was approved by the local Institutional
Review Board (IRB) of School of Psychology, Shandong
Normal University, and all participants gave written informed
consent before the experiment.

Apparatus and materials

Forty actors (20 females) with neutral expressions were ran-
domly generated by FaceGen Modeller (Singular Inversions,
2006). Twelve stimuli were produced from each actor, consti-
tuted by the combination of facial gender (male, female), gen-
der discriminability (high, low), and gaze direction (direct,
right, and left). The discriminability of gender was modulated
by FaceGen. High gender discriminability was determined by
setting gender intensity as verymale/female, while low gender
discriminability was set as male/female. Thirty people, who
did not participate in the formal experiment, were exposed to a
7-point score (1 = very low, 7 = very high) test on the gender
discriminability (i.e., intensity) of 480 facial stimuli. To elim-
inate the contamination of facial identity, only the actor with a
significant difference in discriminability was used for the for-
mal experiment. As a result, four actors (two females, two
males) were used. The mean difference between high and
low discriminability of male facial stimuli was significant
(6.47 ± 1.03 vs. 3.35 ± 1.27), t(29) = 4.33, p < .001, Cohen's
d = .89, as was the female facial stimuli (5.10 ± 1.15 vs. 3.24 ±
1.33), t(29) = 6.09, p < .001, Cohen's d = 1.50. Forty-eight
pictures (females:males = 1:1) were used in Experiment 2.
Stimulus details and apparatus were the same as in
Experiment 1.

Design and procedure

The experiment adopted a 2 (block: baseline, orthogonal) × 2
(gaze: direct, averted) × 2 (gender: male, female) × 2 (task:
gaze, gender) × 2 (gender discriminability: high, low) within-
subjects design. In the baseline block, the task relevant dimen-
sion (e.g., gender) varies while the task irrelevant dimension
(e.g., gaze) is constant (i.e., male-direct and female-direct). In
the orthogonal block, both the task relevant and irrelevant
dimensions vary so that all four possible combinations of the
two dimensions are contained (i.e., male-direct, male-averted,
female-direct, and female-averted). In the gender task, partic-
ipants were required to make a two-alternative judgment of
gender (male or female), and in the gaze task, they were re-
quired to make a two-alternative judgment of gaze direction
(direct or averted). Half of Experiment 2 used high gender
discriminability faces (i.e., Experiment 2a); the other half used
low discriminability faces (i.e., Experiment 2b). Other settings
were the same as in Experiment 1.

Results

High and low gender discriminability

RT and ACC were subjected to a repeated-measures
ANOVA, with gender discriminability (high vs. low), task
(gaze vs. gender), block (baseline vs. orthogonal), gaze (direct
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vs. averted), and gender (male vs. female) as within-subjects
variables. The Gender Discriminability × Task interaction was
significant, RT: F(1, 30) = 117.652, p < .001, η2 p = .79;
ACC: F(1, 30) = 30.842, p < .001, η2 p = .51. Participants
made gender judgment faster than gaze judgment with high
gender discriminability (p < .001). The RT of the gaze task of
Experiments 2a and 2b was 561 ± 12.27 and 546 ± 13.14 ms,
respectively. The ACC of the gaze task of Experiments 2a and
2bwas 91.4 ± .7% and 93.4 ± .6%, respectively. The RT of the
gender task of Experiments 2a and 2b was 431 ± 9.53 and 517
± 8.88 ms, respectively (p < .001). The ACC of the gender
task of Experiments 2a and 2b was 97.2 ± .4% and 93.0 ±
1.0%, respectively (p < .001). No speed–accuracy trade-off
was found for the gaze and gender task. These results showed
that high gender discriminability has shorter RT and higher
ACC than low discriminability. The ANOVA revealed signif-
icant Gender Discriminability × Gaze × Gender interaction,
F(1, 30) = 5.976, p < .05, η2 p = .16), significant Task × Gaze
× Gender interaction on RT, F(1, 30) = 7.720, p < .01, η2 p =
.20, and significant Gender Discriminability × Task × Block ×
Gaze × Gender interaction on ACC, F(1, 30) = 5.315, p < .05,
η2 p = .15.

Consistent with Experiment 1, to evaluate the role of dis-
criminability in interference processing of gaze and gender, a
2 (block: baseline, orthogonal) × 2 (gaze: direct, averted) × 2
(gender: male, female) repeated-measures ANOVA was per-
formed (Greenhouse–Geisser correction) on Experiments 2a
and 2b for each task. LSD correction was used for multiple-
comparison and post hoc analysis. Table 2 shows the main
effect of block and the Gaze × Gender interaction for gaze and
gender task with high (Exp. 2a) and low (Exp. 2b) gender
discriminability.

Experiment 2a: High gender discriminability

Gaze task

The RT results show significant main effect of gender, F(1,
30) = 38.56, p < .001, η2 p = .56. The Block × Gender inter-
action was significant, F(1, 30) = 6.53, p < .05, η2 p = .18;
post hoc analysis indicated the RT of female faces was faster
than that of male faces with both baseline and orthogonal
block (baseline: 540 ± 10.83 vs. 582 ± 16.29 ms, p < .001;
orthogonal: 555 ± 11.50 vs. 577 ± 13.46 ms, p < .001).
Although there was no significant main effect of block, the
Gender × Gaze interaction was significant, F(1, 30) = 19.30, p
< .001, η2 p = .39, indicating that gender affects gaze process-
ing. Further analysis shows that the RT of male-averted faces
was faster than male-direct (569 ± 14.22 vs. 591 ± 15.01 ms, p
< .001; Fig. 4). The ACC results show significant main effect
of gender,F(1, 30) = 24.97, p < .001, η2 p = .45, indicating the
ACC for female faces was higher than for male (93.5% ± .5%
vs. 89.4% ± 1.1%).

Gender task: RT results show significant main effects of
block,F(1, 30) = 6.69, p < .05, η2 p = .18, and gaze, F(1, 30) =
7.45, p < .05, η2 p = .20. The baseline condition was faster
than orthogonal condition (421 ± 7.99 vs. 438 ± 12.19 ms),
indicating a Garner effect (Fig. 5). The ACC results did not
show significant effects, Fs ≤ 4.00, ps ≥ .055.

Experiment 2b: Low gender discriminability

Gaze task

The RT results show significant main effect of gaze, F(1, 30)
= 20.61, p < .001, η2 p = .41. The Gaze × Gender interaction
was significant, F(1, 30) = 4.69, p < .05, η2 p = .14. Post hoc
analysis showed that the RT of averted gaze was faster than
direct gaze for both male and female faces (male: 539 ± 14.23
vs. 560 ± 13.75 ms, p < .001; female: 541 ± 13.04 vs. 554 ±
13.44 ms, p < .01; Fig. 4), indicating that facial gender influ-
enced the processing of gaze. The ACC results did not show
significant effects, Fs ≤ 4.13, ps ≥ .051.

Gender task: the RT and ACC results did not show signif-
icant effects, RT: Fs ≤ 1.95, ps ≥ .173; ACC: Fs ≤ 4.01, ps ≥
.054.

In sum, the Garner effect was observed in the gender task
of Experiment 2a (high gender discriminability). The Garner
effect was not observed in the gaze task of Experiments 2a and
2b (low gender discriminability), but significant interaction
between gaze and gender was revealed, indicating that gender
influences gaze processing under both high and low gender
discriminability. Taken together, the results suggest a sym-
metrical interference of gender and gaze processing with high
gender discriminability and an asymmetrical interference with
low discriminability.

Comparison of Experiments 1 and 2

To explore whether interference of expression and gender on
gaze processing varies across high and low discriminability, 2

Table 2 p values of the main effect of block and the Gaze × Gender
interaction in Experiment 2

Block Gaze × Gender

RT ACC RT ACC

Gaze task Exp. 2a .361 .121 .001*** .469

Exp. 2b .154 .737 .038* .170

Gender task Exp. 2a .015* .300 .597 .522

Exp. 2b .895 .412 .774 .125

Note. “*” indicates the difference was < .05, “***” indicates the differ-
ence was < .001
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(facial information: expression, gender) × 2 (discriminability:
high, low) × 2 (block: baseline, orthogonal) ANOVA analysis
was performed on gaze task RT and ACC. The Facial
Information × Block interaction was significant on RT, F(1,
30) = 6.33, p < .05, η2 p = .18, showing that there was inter-
ference from expression (baseline: 545 ± 11.65 vs. orthogo-
nal: 565 ± 10.65 ms, p < .001), but not from gender.
Additionally, the Facial Information × Discriminability inter-
action on RT was significant, F(1, 30) = 6.39, p < .05, η2 p =
.18. Further analysis found that the judgment of gaze was
equal with high and low expression discriminability but was
different with high and low gender discriminability (564 ±
12.44 vs. 548 ± 13.33 ms, p < .05). The results indicate that
the effect of expression on gaze processing is relatively stable,
while the effect of gender on gaze is modulated by
discriminability.

General discussion

We investigated the effect of discriminability on interference
processing of expression and gaze and interference processing
of gender and gaze with Garner paradigm, which is a useful

tool for demonstrating how different aspects of facial process-
ing interact. The results of the interference processing of dif-
ferent facial dimensions are reflected in the current study.
There was asymmetrical/unidirectional interference process-
ing of expression and gaze with high expression discrimina-
bility and symmetrical/bidirectional interference with low dis-
criminability. The asymmetric interference with high expres-
sion discriminability indicates that participants are able to fo-
cus on expression while ignoring gaze, but unable to ignore
expression when focusing on gaze. In contrast, a symmetrical/
bidirectional interference processing of gender and gaze with
high gender discriminability and asymmetrical/unidirectional
interference with low discriminability were found. The asym-
metric interference with low gender discriminability indicates
that participants are able to focus on facial gender while ig-
noring gaze, but unable to ignore facial gender when focusing
on gaze. In addition, relative to facial gender, the influence of
expression on gaze processing was not modulated by expres-
sion discriminability. Taken together, interference processing
of fac ia l informat ion depends on the degree of
discriminability.

Interference processing of expression and gaze

The findings of Experiment 1 extend and support those of
previous studies. Using stimuli with high discriminability, ex-
pression interfered with gaze judgment, but gaze did not in-
terfere with expression judgment. However, using stimuli
with low discriminability, expression interfered with gaze
judgment, and gaze interfered with expression judgment.
This is consistent with the model of facial processing, where
there is an interaction between the processing of variant facial
features (Haxby et al., 2000).

These results support the speed-of-processing account,
which demonstrates that the processing of easily discriminable
information occurs before the less discriminable information
interferes, and the less discriminable information interferes
with easily discriminable information (Atkinson et al., 2005;
Graham & LaBar, 2007; Le Gal & Bruce, 2002). The current
study found a faster response for expression judgment than

Fig. 4 Mean of the reaction times to male and female faces for gaze task. Error bars show the standard error. “**” indicates the difference was < .01,
“***” indicates the difference was < .001

Fig. 5 Mean of the reaction times obtained in Experiment 2 for the
baseline and orthogonal conditions across gaze and gender tasks. Error
bars show the standard error. “*” indicates the difference was < .05
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gaze judgment with high expression discriminability, with no
difference between expression and gaze judgment with low
discriminability. Therefore, the unidirectional and bidirection-
al interference of expression and gaze were found with high
and low expression discriminability, respectively.

ERP results may also provide partial support for our obser-
vations. Previous studies observed that expression but not
gaze modulated the P1 and N170 components, and that the
interaction of expression and gaze appears at about 300 ms,
indicating that expression and gaze are processed indepen-
dently before they are processed interactively (Nomi et al.,
2013). In our study, it was easier and faster to distinguish each
expression with high discriminability than with low discrimi-
nability. Therefore, we found symmetrical interference pro-
cessing of expression and gaze with low discriminability since
more time is required to distinguish expression with low dis-
criminability. In addition, previous studies showed that ex-
pressions can be processed automatically (Kreegipuu et al.,
2013; Luo et al., 2010; Zhao et al., 2015). Thus, as task-
irrelevant information, expression interferes with gaze judg-
ment regardless of the degree of discriminability.

In addition, previous studies observed that direct gaze
was processed more quickly and accurately than averted
gaze when coupled with angry faces (Adams & Franklin,
2009; Artuso et al., 2012). The advantage for averted gaze
occurred for angry faces, while the advantage for direct
gaze occurred for surprised faces in current gaze judg-
ment. This discrepancy may be related to the relative
approach-avoidance motivation of the expression.
According to the shared signal hypothesis (Adams &
Kleck, 2003, 2005), anger and direct gaze are associated
with approach motivation, while fear and averted gaze are
associated with avoidance motivation. However, the mo-
tivation of expression might change with context.
Previous studies suggest that the surprise expression was
closely related to reward seeking, which was associated
approach motivation (Murty et al., 2016), and the angry
expression conveyed avoidance motivation (Sass et al.,
2010; Watson, 2009). Thus, our results show that the
averted gaze was processed more quickly and accurately
for angry faces and the direct gaze was processed more
quickly and accurately for surprised faces. The latter was
also observed by Graham and LaBar (2007).

Interference processing of gender and gaze

Experiment 2 had a Garner effect in the gender task with high
discriminability. Garner effects are not found in the gaze task,
but significant interactions between gender and gaze were
found both with high and low gender discriminability.
Together, these results indicate that when using stimuli with
high discriminability in facial gender, gaze interfered with
gender judgment, and gender interfered with gaze judgment.

However, using stimuli with low gender discriminability, gaze
did not interfere with gender judgment, but gender did inter-
fere with gaze judgment. These findings are not consistent
with the notion of independence between processing of vari-
ant and invariant facial features (Haxby et al., 2000).

Note that these results cannot be attributed to speed of
processing. According to this theory, no interference
should be observed in the gender task with high discrim-
inability, because there was an overall reaction time ad-
vantage for gender judgment relative to gaze judgment.
An alternative explanation for the present findings is that
classifying gender mainly relies on parts of the faces,
especially the eye and eyebrow regions (Dupuis-Roy
et al., 2009; Yamaguchi et al., 2013). The eye region
might be more salient with high gender discriminability,
resulting in symmetrical interference processing of facial
gender and gaze. Correspondingly, the eye region was
less salient with low gender discriminability, in which
individuals could not effectively classify gender based
on the eye region. Meanwhile, interference of gaze on
gender weakened or even disappeared. However, there
was an interference of gender on gaze with low gender
discriminability. The reason might come from the neural
mechanism of gender and gaze processing. Previous stud-
ies showed that gender categorization is highly automatic
and can be reflected on N170 component (around 130 ms;
Hügelschäfer et al., 2016; Reddy et al., 2004), while gaze
processing occurs later (220–350 ms; McCrackin & Itier,
2019; Schweinberger et al., 2007). Taken together, facial
gender could affect gaze categorization, but gaze could
not affect gender categorization with low discriminability.

In addition, we observed that the averted gaze was
processed more quickly than direct gaze, especially when
coupled with male faces. This was partially consistent
with Vuilleumier et al. (2005), who used a gender task
and found this effect for faces of the opposite gender to
participants, because most of our participants are female.
It is well known that direct gaze, which activates the ap-
proach motivational brain systems, has an important role
in social communication and behavior (Hietanen et al.,
2008). As mentioned by Vuilleumier et al. (2005), this
importance might underline the prolonged analysis for
direct gaze, resulting in a faster response for averted than
direct gaze. Alternatively, our results might be attributed
to the facial gender classification mechanism. Potential
cues that allow individuals to discriminate male faces
from female involve the eye and eyebrow regions, such
as the distance between the eyelid and eyebrow (Burton
et al., 1993). The smaller distance between the eyelid and
eyebrow is a salient feature of male faces (Campbell,
1996). In contrast to direct gaze, averted gaze seems also
to be affected by the distance between the eyelid and
eyebrow, which should be investigated further.
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Effects of expression and gender discriminability on
gaze

Comparing Experiments 1 and 2, we found that the influence
of expression on gaze was relatively stable and was not mod-
ulated by expression discriminability, while the effect size of
gender on gaze was modulated by gender discriminability.
This may be related to the neural mechanism of facial infor-
mation processing. Expression had a similar neural mecha-
nism to gaze. The superior temporal sulcus, which is sensitive
to the changes of gaze, could also be activated by expression
(Furl et al., 2007). The amygdala, which is responsible for
expression processing, is also sensitive to gaze processing
(Dumas et al., 2013). However, gender and gaze processing
are located in the fusiform gyrus and superior temporal sulcus,
respectively (Cloutier et al., 2008). Together, these results
suggest that expressions are more closely associated with gaze
than gender information.

Limitations

To eliminate the contamination of facial identity, only the
actor who had significant differences in discriminability for
both anger and surprise expressions was used in the formal
experiment. This manipulation resulted in the fact that our
stimuli number is low and that our surprise expression has
lower discriminability than anger. However, we found that
identification of surprise has a higher accuracy than anger in
the expression task. This might be related to the salient fea-
tures of the surprise expression, such as eye widening
(Bayless et al., 2011). In spite of this, the unbalanced discrim-
inability of anger and surprise should be considered in further
work. The other issue is the imbalance between males and
females in the sample tested, since previous studies reported
that females outperform males on the recognition of expres-
sion and gender (Herlitz & Lovén, 2013, for a review;
Olderbak et al., 2019).

Conclusion

Using the Garner paradigm, the current study confirmed that
gaze affects the categorization of expression and gender ac-
cording to expression and gender discriminability, whereas
expression and gender affect the categorization of gaze re-
gardless of expression and gender discriminability. The results
provide further evidence that the processing of gaze and other
facial variant and invariant information is interdependent and
depends on the degree of discriminability. Relative to gender,
expression steadily affected the categorization of gaze, sug-
gesting a unitary system underlying the processing of gaze
and expression. What remains to be delineated is the time
interval with regard to interference processing of gaze, expres-
sion and gender.
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