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Abstract 
 

An arrow marker appearing in a field of view shifts the observer’s attention in its indicated 

direction. On the other hand, the gaze of another individual not only shifts the observer’s 

attention but also increases the likability of objects in the direction of their gaze. These 

effects occur even when arrow markers or gaze cues are presented for very short periods and 

the observer is unaware of them. To expand on the findings of previous studies, we conducted 

two experiments. The first examined the changes in likability and attentional shift induced by 

supraliminal and subliminal arrow markers, using 40 male and 40 female participants. It was 

found, contrary to previous findings, that supraliminal arrow markers not only shifted the 

observer’s attention but slightly increased object likability. On the other hand, subliminal 

arrow markers only shifted the observer’s attention. The attentional shift was stronger for 

female than for male participants in the case of supraliminal, but not subliminal markers. The 

second experiment verified the changes in likability induced by supraliminal arrow markers 

and compared the effects with those of supraliminal gaze cues among 40 female participants. 

It was found that the liking effect was observed for both arrow markers and gaze cues. 

However, both effects were small, and no significant difference was found between them. 

Overall, these results show that gender and individual differences have a considerable impact 

on cueing effects. 

 
Keywords: attention, preference, gender differences, cueing, unconsciousness  
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Gender and Individual Differences in Cueing Effects: Visuospatial Attention and Object 

Likability 

The human visual system can direct humans’ attention toward a part of the 

information projected on their retinas, regardless of their conscious awareness of it. When a 

visual stimulus such as an arrow appears in their visual field, people automatically shift their 

attention toward the direction indicated by the stimulus. This automatic process has been 

verified by the reduction of reaction times to a visual target in the direction indicated by a 

visual stimulus compared to one in the opposite direction (Posner, 1980). 

Visual stimuli that direct the observer’s attention include symbolic markers such as 

arrows, letters, and gaze. The gaze of another individual not only shifts the observer’s 

attention but also increases the likability of objects that are gazed at (e.g., Bayliss, Paul, 

Cannon, & Tipper, 2006; van der Weiden, Veling, & Aarts, 2010). On the other hand, neither 

an arrow marker (Bayliss et al., 2006) nor a pointing hand (Ulloa, Marchetti, Taffou, & 

George, 2015) increases the likability of objects pointed toward by these stimuli. Therefore, 

gaze is thought to be processed by a higher cognitive mechanism. Facial expression (Bayliss, 

Frischen, Fenske, & Tipper, 2007; Bayliss, Schuch, & Tipper, 2010; Becker, 2010; Canadas 

& Mast, 2017; Niedzwiecka & Tomalski, 2015; Ponari, Trojano, Grossi, & Conson, 2013), 

trustworthiness (King, Rowe, & Leonards, 2011; Süßenbach & Schönbrodt, 2014), and 

dominance (Jones et al., 2010) of a gaze sender modulate the cueing effects, which also 
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demonstrates the involvement of a higher cognitive mechanism in processing gaze cues. 

Recently, Mitsuda and Masaki (2017) showed that even when gaze cues were 

presented for a short period of time and the observers remained unaware of them, the gaze 

cues shifted the spatial attention of the observers and increased the likability of objects in the 

direction indicated by the gaze. This shows that the modulation of object likability by gaze 

cueing, which was thought to be processed by a higher cognitive mechanism, is also triggered 

by an automatic, unconscious process. On the other hand, previous studies have shown that 

symbolic markers also shifted an observers’ attention when they were presented subliminally 

(Gabay, Avni, & Henik, 2012; Gayet, Van der Stigchel, & Paffen, 2014; Reuss, Pohl, Kiesel, 

& Kunde, 2011; Sato, Okada, & Toichi, 2007; Serrien, Sovijärvi-Spapé, & Rana, 2012; Xu, 

Zhang, & Geng, 2011). However, no papers have reported whether subliminal symbolic 

markers increase the likability of objects indicated by them. According to a study reporting 

that supraliminal symbolic markers did not modulate the likability of objects (Bayliss et al., 

2006), subliminal symbolic markers may also not modulate likability. However, no other 

papers have verified the modulation of object likability by supraliminal symbolic markers. 

Previous studies have shown that repetitive observations of an object increase the 

likability of the object; this is known as the “mere exposure effect” (Bornstein, 1989; Zajonc, 

1968). One of the hypotheses concerning its origin is the misattribution of fluency. Repetitive 

exposure to an object eases the process of perceiving the object, and the resultant perceptual 
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fluency is misattributed to the likability of the object. According to this hypothesis, if 

perceiving an object at the location attended to is easier than perceiving another object at 

another location, the difference in perceptual fluency may cause a difference in the likability 

of these objects. Therefore, this study hypothesized that the spatial attention caused by 

symbolic markers increases the likability of objects at the indicated location. According to 

this hypothesis, symbolic markers, which shift the observer’s spatial attention, must increase 

the likability of the object they indicate, regardless of whether they are supraliminal or 

subliminal. Consequently, the current study examined likability modulation by supraliminal 

and subliminal arrow markers. 

At the same time, the current study aimed to examine gender differences in the 

modulation of spatial attention and object likability by symbolic markers. Previous studies 

showed that female observers shifted their spatial attention under supraliminal visual stimuli 

more strongly than did male observers (Alwall, Johansson, & Hansen, 2010; Bayliss, di 

Pellegrino, & Tipper, 2005; Cooney, Brady, & Ryan, 2017; Deaner, Shepherd, & Platt, 2007; 

Feng et al., 2011; Liu, Hu, Fan, & Wang, 2013; Merritt et al., 2007). On the other hand, no 

study has reported a gender difference in spatial attention under subliminal visual markers, 

except for one study using sexual pictures (Gillath, Mikulincer, Birnbaum, & Shaver, 2007). 

Furthermore, regardless of whether stimuli are supraliminal or subliminal, gender differences 

in the modulation of object likability by gaze cueing or symbolic markers were not reported 
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by previous studies. The study showing an increase of likability induced by a subliminal gaze 

cue reported that female observers were affected by the gaze cue more than male observers, 

but that the difference between genders was not statistically significant (Mitsuda & Masaki, 

2017). Furthermore, a study that reported no modulation of object likability by arrow cues 

(Bayliss et al., 2006) employed an imbalanced male-female ratio of participants (3 male and 

21 female). Accordingly, the examination of gender differences is fundamental to determining 

whether symbolic markers modulate object likability. The current study consequently 

included more participants than did previous studies, in order to investigate such a difference. 

The current study first examined attentional shifts induced by arrow markers by 

gender and stimulus condition (i.e., whether a stimulus was supraliminal or subliminal). Next, 

this study examined the effects of gender and stimulus condition on the modulation of object 

likability by arrow markers. Finally, the study compared the magnitude of the liking effect 

induced by arrow markers with that induced by gaze cues. 

Experiment 1 

In this experiment, we examined attentional shifts induced by arrow markers by 

gender and stimulus condition (i.e., whether a stimulus was supraliminal or subliminal). Next, 

this study examined the effect of gender and stimulus condition on the modulation of object 

likability by arrow markers. 

Method 
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Participants. Eighty students from a Japanese university (40 women and 40 men; 

Mage = 21.2, SD = 1.6) participated in all tasks. We obtained informed consent from all 

participants and they received 1,000 yen for their participation. This experiment was 

approved by the Ritsumeikan University ethics review committee for research involving 

human participants and was conducted in accordance with the Declaration of Helsinki. 

Apparatus. The stimuli were presented on a 24-inch display monitor (XL2411Z; 

BenQ Corp., Taipei, Taiwan) at 120 Hz using a homemade program written in the C 

programming language. 

Stimuli. The stimuli consisted of a bar and two arrows, one pointing right and the 

other left, in black on a white image (H 8.4 × V 8.4 degrees) that could be displayed as 

needed. The bar measures 0.1 × 1.5 cm, and the arrows consist of a bar and arrowheads (0.7 × 

0.7 cm; see Figure 1).  

For the likability evaluation task, we used nonsensical geometrical figures created by 

Endo, Saiki, Nakao, and Saito (2003). All the figures were composed of hand-drawn contours 

in which the lines do not cross each other. We scanned 100 figures from the paper and 

changed their sizes to be equal to that of the arrow images. Ten university students, who did 

not take part in the main experiment, were recruited for the purpose of selecting and testing 

images. These 10 students (Mage = 20.7 years, SD = 1.5) rated their preference for each figure 

on a 7-point scale from 1 (not favorable at all) to 7 (very favorable). We then used 80 figures 
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(preference rating M = 4.00, SD = 0.32) selected from the 100 figures of the initial sample by 

eliminating the 10 highest and 10 lowest-rated figures. These nonsensical geometric figures 

were the same as those used in Mitsuda and Masaki (2017), which examined changes in 

likability induced by subliminal gaze cues. 

Procedure. All participants carried out a target detection task (Task 1) followed by a 

likability evaluation task (Task 2). Each task consisted of 160 trials using supraliminal or 

subliminal arrow markers. The participants performed the supraliminal trials (80 trials) and 

subliminal trials (80 trials) serially in each task. The order of supraliminal and subliminal 

trials was counter-balanced across participants. 

After completing the two tasks, all participants were informed about the subliminal 

arrow stimuli and completed a survey asking whether they had noticed the subliminal 

presentation of arrow markers during the two tasks. They then undertook an arrow detection 

task (Task 3), in which the subliminal arrow markers were presented as they were in the 

target detection task, before answering the same survey again. 

Task 1: the target detection task. Figures 2(a) and 2(b) present the time courses of the 

supraliminal and subliminal trials, respectively. A white fixation cross (H 1.6 × V 1.6 

degrees) appeared for 1,000 ms at the center of the screen, followed by the image of the bar. 

After 1,000 ms, the bar changed to an arrow that pointed either right or left. In supraliminal 

trials, the arrow was presented for 1,000 ms followed by a circular target (1.6 degrees in 
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diameter) on the right or left side of the screen. Participants had to report the position of the 

mark as soon as possible by pressing the Z key (left) or X key (right). In subliminal trials, the 

arrow appeared for 8 ms, followed by mask images of the same size as the arrow image for 

192 ms, and then the same arrow for another 8 ms. This sequence was repeated. The same 

arrow image appeared five times interspersed with the mask images for 1,000 ms. After the 

mask images disappeared, a circular target appeared, and participants had to report the 

position of the mark, as in the supraliminal trials. 

During the subliminal arrow presentations for 1,000 ms, the mask images were 

updated every 8 ms. Each mask image was composed of 5,000 white dots (H 0.1 × V 0.1 

degrees) located at a randomized position on a black background. After participants reported 

the position of the circular target, the central fixation cross appeared for the next trial. 

Participants performed 160 trials in which the arrow pointed right or left (80 trials each). The 

arrow pointed at the circular target in 80 trials and pointed in the direction opposite to the 

circular target in 80 trials. The circular target appeared randomly on the right or left side an 

equal number of times. Participants practiced the trials until they became used to the task 

before data collection started. 

Task 2: the likability evaluation task. Figures 2(c) and 2(d) present the time courses 

of the stimuli presentations for the supraliminal and subliminal trials, respectively. The 

presentations of supraliminal and subliminal arrows were the same as in Task 1. In this task, 
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however, a nonsensical image appeared on the right or left of the arrow and mask images. 

Participants then evaluated the likability of the nonsensical image on a 7-point scale, ranging 

from −3 (not favorable at all) to 3 (very favorable), by clicking an image of the number on 

the screen after the mask image had disappeared. The nonsensical image remained present 

until participants had answered. The arrow pointed toward the nonsensical figures (indicated 

targets) or in the opposite direction (averted targets) an equal number of times. The positions 

of the nonsensical figures and the directions of the arrows were counter-balanced. The 

combinations of indicated and averted targets were also counter-balanced. Nonsensical 

figures were presented in a random order. Each of the 80 nonsensical figures appeared only 

once in both the supraliminal and subliminal trials. 

Task 3: the arrow detection task. After performing Tasks 1 and 2, participants 

completed a survey about whether they had noticed that subliminal arrows were interspersed 

with the mask images. After the survey, participants were informed that subliminal arrows 

had been presented. Then they performed an arrow detection task. The subliminal arrows 

were presented in the same fashion as in the target detection task (Task 1). Participants had to 

report the arrow direction by pressing the Z key (left) or X key (right) after the disappearance 

of the mask images. Even when they did not detect the arrow direction, they had to report a 

direction intuitively. They performed 40 trials in which the arrow direction was on the right 

(20 trials) or left (20 trials); the arrow direction was determined in a random order. After the 
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data collection, participants were asked whether they had been able to detect the arrow 

direction. The experiment took about 60 minutes. 

Results 

During inquiries after the recordings, one of the male participants reported that he was 

able to detect the arrow direction even when it was presented subliminally for a short period. 

In accordance with his report, his correct answer rate for the arrow direction in the arrow 

detection task (Task 3) was .925. This rate is significantly higher than chance (binomial test, 

p < .0001). On the other hand, one female participant reported that she was not able to detect 

the arrow direction; however, her correct answer rate was .825, which is also significantly 

higher than chance (binomial test, p < .0001). Excluding these individuals, the highest and 

lowest correct answer rates among the rest of the participants were .65 (binomial test, p 

= .005) and .3875 (binomial test, p = .0283), respectively, which were not significant when 

the significance level was adjusted for the number of participants (80 participants). 

Consequently, we analyzed the behaviors of 78 participants. The correct answer rate for these 

participants (M = .508) did not differ significantly from chance, t(77) = 1.60, p = .11. There 

was no significant difference in the correct answer rate between genders, t(76) = 0.55, p = .58 

(male: M = .505; female: M = .511). 

For the target detection task (Task 1), a two-way repeated measures analysis of 

variance (ANOVA) of target position (cued or uncued) and stimulus condition 
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(supraliminal/subliminal) showed a significant main effect of the target position, F(1,77) = 

27.70, p < .001, η2
p = .27, and a significant interaction between these variables, F(1,77) = 

6.21, p = .015, η2
p = .08. The main effect of stimulus condition was not significant, F(1,77) = 

0.70, p = .41. The response time to targets that appeared in the direction indicated by a 

supraliminal arrow (M = 372 ms, SEM = 9 ms) was significantly shorter than that to targets 

that appeared in the opposite direction (M = 385 ms, SEM = 10 ms) in a paired sample t-test, 

t(77) = 4.82, p < .0001, dz = 0.55). Even when arrow markers were presented for a short 

period, the response time to the indicated targets (M = 383 ms, SEM = 13 ms) was 

significantly shorter than that to the averted targets (M = 389 ms, SEM = 13 ms), t(77) = 2.91, 

p = .0048, dz = 0.33. The cueing effect (i.e., the reaction time to averted targets minus the 

reaction time to indicated targets) was significantly greater when arrow markers were 

supraliminal (M = 13 ms) than when they were subliminal (6 ms), t(77) = 2.49, p = .015, dz = 

0.28.  

Figure 3 shows histograms of the cueing effects by observer gender and stimulus 

condition (supraliminal/subliminal). A two-way repeated measures ANOVA showed a 

significant main effect of stimulus condition, F(1,76) = 6.56, p = .012, η2
p = .08, and a 

significant interaction between stimulus condition and gender, F(1,76) = 5.36, p = .023, η2
p 

= .07. When arrow markers were supraliminal, the cueing effect was significant for female 

participants, t(38) = 5.31, p < .0001, dz = 0.85 (M = 20 ms, SEM = 4 ms), but not significant 
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for male participants, t(38) = 1.76, p = .087, dz = 0.28 (M = 7 ms, SEM = 4 ms). There was a 

significant difference in the cueing effect between genders, t(76) = 2.47, p = .016, d = 0.57. 

When supraliminal arrow markers were presented, 35 of the 39 female participants (90%) 

responded faster to the indicated targets than to the averted ones. On the other hand, only 20 

of the 39 male participants (51%) responded faster to the indicated targets. When arrow 

markers were presented subliminally, the cueing effect was significant for male participants, 

t(38) = 2.27, p = .029, dz = 0.36 (M = 6 ms, SEM = 3 ms), but not significant for female 

participants, t(38) = 1.83, p = .075, dz = 0.29 (M = 5 ms, SEM = 3 ms) . However, there was 

no significant difference between genders: t(76) = 0.22, p = .83. When arrow markers were 

presented subliminally, the number of participants who responded faster to the indicated 

targets was almost equal for each gender: 24 (62%) for male participants and 25 (64%) for 

female participants. 

Turning to the results of the likability evaluation task (Task 2), a two-way repeated 

measures ANOVA of target position and stimulus condition (supraliminal/subliminal)  

showed a significant interaction, F(1,77) = 4.30, p = .041, η2
p = .05, but no significant main 

effect was observed for target position, F(1,77) = 2.61, p = .11, or stimulus condition, F(1,77) 

= 0.62, p = .43). When supraliminal arrow markers were presented, the likability of indicated 

targets (M = −0.174) was significantly higher than that of averted ones, t(77) = 2.21, p = .030, 

dz = 0.25 (M = −0.279). When arrow markers were presented subliminally, however, there 
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was no significant difference in target evaluation between the target positions, t(77) = 0.82, p 

= .22 (cued: M = −0.255; uncued: M = −0.263). 

Figure 4 shows histograms of the cueing effects on target evaluation (i.e., the average 

rating of averted targets minus the average rating of indicated targets) by observer gender and 

stimulus condition. A two-way repeated measures ANOVA of stimulus condition and gender 

showed a significant main effect of stimulus condition, F(1,76) = 4.30, p = .042, η2
p = .05. 

Neither the main effect of gender, F(1,76) = 0.23, p = .64, nor the interaction, F(1,76) = 0.96, 

p = .33, was significant. Among the female participants, when supraliminal arrow markers 

were presented, evaluations of the indicated targets (M = −0.246) were significantly higher 

than those of the averted targets (M = −0.390), t(38) = 2.06, p = .046, dz = 0.33. On the other 

hand, among the male participants, the evaluations did not differ according to target position, 

t(38) = 1.02, p = .32, dz = 0.16 (cued: M = −0.103; uncued: M = −0.167). When arrow 

markers were presented subliminally, the target evaluations did not differ according to target 

position in participants of either gender (male: t(38) = 0.27, p = .79; female: t(38) = 0.04, p 

= .97). As shown in Figure 4, the cueing effect of supraliminal stimuli (1.9) was much larger 

for one female participant than for the others. When this participant was excluded from the 

analysis, among the female participants, the evaluations of the targets pointed to by 

supraliminal arrows (M = −0.293) became only slightly higher than those of the other targets 

(M = −0.390), t(37) = 1.82, p = .077, dz = 0.30. 
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Finally, we performed correlation analyses to assess the relationship between the 

effects of cueing on reaction time and target evaluation for each task and stimulus condition 

(supraliminal/subliminal). The cueing effect on reaction times in the target detection task 

(Task 1) did not correlate significantly with that on target evaluations in the likability 

evaluation task (Task 2) for any combinations of stimulus condition or gender (rs < .083, ps 

> .62). The cueing effect on response times for supraliminal arrow markers did not correlate 

significantly with that for subliminal arrow markers either in male, r = .064, p = .70, or 

female participants, r = .26, p = .12. 

Experiment 2 

Experiment 1 revealed that the likability of geometric figures was modulated by 

supraliminal arrow markers, though the effect was enhanced by a participant who showed a 

strong effect. This result is not consistent with a previous study (Bayliss et al., 2006) that 

reported a significant increase of likability by gaze cues but not by arrow markers. On the 

other hand, Tipples and Pecchinenda (2018) recently replicated the experiment by Bayliss et 

al. (2006) using gaze cues among a larger number of participants and reported a gaze cueing 

effect in object likability that was much smaller than that of the original study. Consequently, 

we conducted the second experiment to verify the modulation of the likability of geometric 

figures by both arrow markers and gaze cues. 

In Experiment 1, a greater cueing effect was shown for female compared to male 
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participants. Therefore, we employed only female participants in this experiment. We also 

used the Empathy Quotient (EQ) and the Systematic Quotient (SQ) to examine individual 

differences and their relationship with the cueing effect, for arrow and gaze cues. 

Method 

Participants. Forty female students (Mage = 21.9, SD = 0.7) who did not participate in 

Experiment 1 were employed from the same Japanese university. We obtained informed 

consent from all participants and they received 1,000 yen for their participation. This 

experiment was approved by the Ritsumeikan University ethics review committee for 

research involving human participants and was conducted in accordance with the Declaration 

of Helsinki. 

Apparatus. We used the same display monitor and program used in Experiment 1. 

Stimuli. The arrow markers and nonsensical geometric figures used in Experiment 1 

were also used in this experiment. For the experiment with gaze cueing, we employed the 10 

young East Asian female faces used in our previous study (Mitsuda & Masaki, 2017). Each 

consisted of a face looking ahead and two faces looking to the right or left. All faces were 

created using the FaceGen software (Singular Inversions Inc., Toronto, Canada). All of them 

are attractive and have a smile. The size of the facial images was the same as that of the 

arrow markers.  

Procedure. Half of the participants carried out a likability evaluation task using arrow 
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markers, which is the same as the likeability evaluation task (Task 2) in Experiment 1, 

followed by the same task using gaze cues. The rest of the participants carried out the tasks in 

reverse order. In the gaze cue task, the image of the bar was replaced by a face looking ahead 

and the images of the arrow markers were replaced by faces looking to the right or left. Each 

task consisted of 80 tasks. After the recording, the participants answered a Japanese version 

(Wakabayashi, Baron-Cohen, & Wheelwright, 2006) of the EQ and SQ questionnaires 

(Baron-Cohen, 2003). The experiment took about 75 minutes. 

 Results 

The likability of the geometric figures pointed to by arrow markers (indicated targets; 

M = 0.048) was slightly higher than that of those in the opposite direction (averted targets; M 

= −0.131), which was concurrent with the results of Experiment 1. However, the difference 

was not statistically significant, t(39) = 1.68, p = .10, dz = 0.27. The analysis, using the 

combined data of female participants in Experiment 1 and Experiment 2, showed that a 

significant cueing effect was induced by arrow markers, t(78) = 2.54, p = .013, dz = 0.29.  

On the other hand, the likability of geometric figures when gazed at by female faces 

(M = 0.045) was also higher than that of averted targets (M = −0.179), t(39) = 1.73, p = .091, 

dz = 0.27. However, the effect was not statistically significant. In addition, the effect size was 

much smaller than that in the study by Bayliss et al. (2006), dz = 0.94. The effect size 

observed in the present experiment was almost same as that reported by Tipples and 
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Pecchinenda (2018), dz = 0.29. 

The cueing effect induced by arrow markers was correlated with that induced by gaze 

cues (r = .55, p < .001); the magnitude of this effect did not differ significantly when induced 

by arrow markers (M = 0.18) compared to gaze cues (M = 0.22), t(39) = 0.40, p = .70, dz = 

0.06. 

Figure 5 shows the relationship between the individual traits (EQ and SQ) and the 

magnitude of the cueing effects (gaze and arrow) for each participant. EQ did not correlate 

with the cueing effects induced by either gaze (r = −.08, p = .62) or arrow markers (r = .18, p 

= .27). However, EQ was correlated with the cueing effect induced by arrow markers when 

two participants who showed strong cueing effects were eliminated from the data (see Figure 

5(b), r = 0.49, p = .002). SQ did not correlate with the cueing effect induced by arrow 

markers (r = 0.03, p = .88). A correlation (r = 0.48, p = .002) was observed between SQ and 

the cueing effect induced by gaze. However, the correlation was driven by a number of 

participants who were strongly affected by gaze cues, as shown in Figure 5(c). When five 

participants whose cueing effects were larger than 1.0 were eliminated from the analysis, the 

significance disappeared (r = 0.18, p = .30). 

Figure 5 also shows that a number of participants showed a strong liking effect 

induced by gaze and arrow markers. The two participants who showed a strong effect induced 

by arrow markers (2.9 and 1.8) also showed a strong effect induced by gaze (1.9 and 3.5). 
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However, we were unable to find any peculiarities of these participants, such as of their 

relationship with the experimenter. When these two participants were excluded from the 

analysis, the magnitude of the cueing effect became smaller for both gaze cues (gaze: M = 

0.09; arrow: M = 0.06). In addition, the analysis using the combined data of female 

participants in Experiment 1 and Experiment 2, excluding participants who showed strong 

liking effect induced by arrow markers (i.e. one participant in Experiment 1 and two 

participants in Experiment 2), showed that the cueing effect was not significant, t(75) = 1.83, 

p = .071, dz = 0.21. Accordingly, we conclude that the liking effect induced by arrow markers 

was small, except for a small number of participants who were strongly affected. 

Summary and Concluding Discussion 

This study first verified the shifts of spatial attention caused by supraliminal and 

subliminal arrow markers and compared the shifts by participant gender. As a result, in 

accordance with previous studies, the response times to targets indicated by supraliminal and 

subliminal arrow markers were shorter than to targets in the opposite direction. When the 

supraliminal markers were presented, the cueing effect was greater for female than male 

participants. This trend has been observed across different countries (Alwall et al., 2010; 

Bayliss et al., 2005; Cooney et al., 2017; Deaner et al., 2007; Feng et al., 2011; Liu et al., 

2013; Merritt et al., 2007). Therefore, the gender difference in the cueing effect might be due 

to some biological differences rather than specific cultural differences. On the other hand, this 
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study showed that, for subliminal arrow markers, there was no significant gender difference 

in the cueing effect or the ratio of participants who responded faster to the indicated targets. 

Previous studies have shown that the gender difference in the shift of spatial attention 

differs by the type of visual stimulus (Bayliss et al., 2005; Merritt et al., 2007). Arrow 

markers cause endogenous attentional shifts, in which the observers shift their attention 

according to the content of the visual stimuli. On the other hand, exogenous attentional shifts, 

in which the observers shift their attention toward a salient visual stimulus that appears in 

their peripheral field of view, are caused regardless of the content of the visual stimulus. 

These two experiments have shown that there is a gender difference for the endogenous 

attentional shift but not for exogenous attentional shift. Furthermore, endogenous attentional 

shift occurs differently according to the gender of observers. Female observers responded 

more slowly to the target when the arrow markers pointed in the direction opposite to that of 

the target than when no arrow markers appeared. In contrast, male observers responded faster 

to averted targets than to targets that did not follow any arrow markers (Merritt et al., 2007). 

These results indicate that the gender difference in endogenous attentional shift is not a 

quantitative difference, but a qualitative one. 

One possible factor for the gender difference in the current study is an obedience to 

visual stimuli. Women have higher EQ than men, and people with higher EQ show greater 

attentional shift under the gaze of other individuals (Alwall et al., 2010). Therefore, female 
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participants might respond more obediently to the arrow markers than male participants, 

which might lead to the significant difference between genders found in previous studies and 

in the current study. On the other hand, finding no significant gender difference for 

subliminal arrow markers implies that the obedience to symbolic markers affects the 

observer’s behavior only when the markers are perceived consciously. 

Previous studies (Gayet et al., 2014; Reuss et al, 2011) have shown that the cueing 

effect on response time to subliminal symbolic markers was significant only when the visual 

markers were informative (i.e., markers pointed to the targets at a frequency that was higher 

than chance). However, the current study showed a significant shortening of the response 

time even when arrow marker direction was determined randomly, which contradicts 

previous studies. There are several possible explanations for this contradiction. 

First, if obedience also modulates the cueing effect for subliminal symbolic markers, 

individual differences in participants of each study could have led to these different results. 

However, in the current study, the cueing effect on response times to subliminal arrow 

markers was not correlated with the effect of supraliminal arrow markers, which does not 

support the existence of an effect of obedience for subliminal markers. A study by Gayet et al. 

(2014) showed that the shortening of reaction times by non-informative arrow markers was 

about 10 ms, which was longer than that observed in the current study (6 ms). Therefore, in 

the current study, a larger number of participants or controls for participants’ gender might 
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increase the significance level of the effect in the non-informative visual markers condition. 

Another possible reason for the inconsistency between the current study and previous ones 

lies in their different ways of presenting visual stimuli. The study by Gayet et al. exploited 

the phenomenon of binocular rivalry by presenting a cue image for one eye and a mask image 

for the opposite eye simultaneously, to mask the cue image. The study by Reuss et al. (2011) 

presented a mask image after the image of an arrow marker. In contrast, the current study 

presented a marker image five times, interspersed among mask images. Therefore, the 

different methods of presentation might change the magnitude of the visual input to the brain 

or lead the obedience effect to produce different results.  

Next, the current study measured the change in the likability of objects that were 

indicated by an arrow marker. As a result, the likability of objects pointed to by supraliminal 

arrow markers was higher than that of objects in the opposite direction, even though the 

magnitude of the effect was small. One reason for the inconsistency between the current 

study and that by Bayliss et al. (2006), in which they did not observe a change in likability 

depending on the direction of supraliminal arrow markers, may be differences in target 

stimuli in addition to those in participant characteristics, such as culture. The study by Bayliss 

and colleagues used household items as target stimuli, while the current study used 

nonsensical figures; household items may be more affected by individual preferences than 

nonsensical figures. The smaller effect of individual preference in the current study might 
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have enhanced the sensitivity of the study to likability, thereby enabling us to detect a change 

in likability induced by the arrow markers. 

On the other hand, when arrow markers were presented subliminally, there was no 

significant cueing effect on target evaluation. The results of the target detection task (Task 1) 

show that subliminal markers affected observer behavior. Therefore, information on the 

subliminal markers must be transmitted to the observers’ brains without their awareness, 

thereby shifting their attention in the likability evaluation task (Task 2). Thus, this result is 

not in accordance with our hypothesis. It implies that the increase in object likability induced 

by supraliminal arrow markers observed in the current study was caused by another higher 

cognitive function, regardless of the attentional shift. The absence of a significant correlation 

between the cueing effects in Task 1 (i.e., attentional shift) and 2 (i.e., object likability) also 

indicates that the attentional shift was unrelated to the increase in object likability. 

As for the gender difference in the increase of object likability, this study did not 

detect a statistical significance. In contrast, a significant gender difference was observed in 

the attentional shift induced by supraliminal markers. This result also did not concur with the 

hypothesis that attentional shift increases the preference rating of objects at the location to 

which the observers attended. Based on these results, we conclude that the increase of object 

likability induced by arrow markers was not due to attentional shift but rather to a higher 

cognitive process, such as obedience.  
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This result also implies that the increase of object likability by subliminal gaze, which 

was observed in a previous study (Mitsuda & Masaki, 2017), was not driven by attentional 

shift but by a higher cognitive mechanism. As for supraliminal gaze, many previous studies 

have shown a significant gaze cueing effect on object likability and its modulation by the 

facial properties of the gaze sender, as described in the introduction. These results also 

suggest that the increase in object likability induced by gaze cueing is driven by a higher 

cognitive process. Manera, Elena, Bayliss, and Becchio (2014) showed that gaze cueing 

caused an attentional shift, but did not affect the affective evaluation, when target objects 

appeared immediately after the gaze was interrupted by a barrier. In accordance with the 

current study, their results also showed that attentional shift is not the source of the liking 

effect induced by gaze cueing. 

Recently, Tipples and Pecchinenda (2018) replicated the study by Bayliss et al. (2006) 

with a larger number of participants and reported a gaze cueing effect in object likability 

much smaller than that of the original study. Our results also showed that the gaze cueing 

effect was small and that the magnitude of the effect size was almost same as that observed 

by Tipples and Pecchinenda. Furthermore, the liking effect induced by gaze cue was not 

significantly different from that induced by the arrow cue. These results were unexpected 

because many other studies have shown a significant liking effect induced by gaze cue (King 

et al., 2011; Strick, Holland, & van Knippenberg, 2008; Treinen, Corneille, & Luypaert, 
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2012; Ulloa et al., 2015; van der Weiden et al., 2010).  

This study also showed that not all participants, but a small number of them, showed a 

strong liking effect, which could be a source of inconsistency between studies. However, the 

strong cueing effects observed among these participants were not the result of random noise 

but were driven by individual differences in certain traits. At the same time, in the current 

study, SQ was correlated with the liking effect induced by gaze cue, and EQ was correlated 

with the liking effect induced by arrow cues, when the two participants showing 

exceptionally strong effects were excluded. Therefore, individual differences should be given 

more attention in future studies of the cueing effect. 

Assessment of individual differences is also important for studies about subliminal 

stimuli. The current study presented arrow markers with a duration of 8 ms, which is shorter 

than in previous studies. Most participants were not able to detect the arrow direction; 

however, one participant was able consciously to detect it correctly. Another participant did 

not notice it but was nonetheless able to detect the arrow direction at a significantly high rate. 

In most previous studies, the judgment of the supraliminal or subliminal condition was 

performed through inquiries and perception tests, as in this study. However, these tests are 

time-consuming and are not able to show the magnitude of the visual input to the brain of the 

observers. In future studies, a method to determine the magnitude of subliminal perception 

should be developed. 
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All data and video clips of trial sequence in this study are available at the Open 

Science Framework (https://osf.io/f4d3c/).  
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Figure 1. The bar and the arrows to indicate an item presented on one side of the screen. 
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Figure 2. Illustration of the time course of (a) the target detection task with supraliminal 

arrows and (b) with subliminal arrows (Task 1), and of (c) the likability evaluation task with 

supraliminal arrows and (d) with subliminal arrows (Task 2). 
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Figure 3. Histograms showing cueing effects in response time (i.e., reaction time to an averted 

target minus reaction time to an indicated target) by gender of the observer and stimulus 

condition (supraliminal or subliminal). Bell-shaped curves represent the best-fit normal 

distributions.  
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Figure 4. Histograms showing cueing effects in target evaluation (i.e., average rating of averted 

targets minus average rating of indicated targets) by gender of the observer and stimulus 

condition (supraliminal or subliminal). Bell-shaped curves represent the best-fit normal 

distributions.  
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Figure 5. Scatter plots of the individual traits (Empathy Quotient or Systematic Quotient; EQ 

or SQ) and the cueing effects in object likability induced by gaze and arrow. 
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