Supplemental Material

Supplemental Methods
One hundred and forty-three young Japanese adults participated. Each participant gave written informed consent after being apprised of the procedure, which had been approved by the Committee of Ethics, Research Center for Advanced Science and Technology, The University of Tokyo. The procedure was made in accordance with Declaration of Helsinki.
As the focus of this study was to examine behavior in the normal population, the following exclusion criteria were set. Data from 8 participants were not used because they scored too high (>32) on the AQ [1]. Seven participants were excluded because they did not correctly perform the task (their performance did not reach the 50% level). Data from the remaining 128 participants (64 males, 64 females; mean age: 20.9 years; for details, see Table S1) were analyzed. All participants had normal or corrected-to-normal vision and none reported a history of neurological or developmental disorders.
Participants viewed stimuli on a 17-inch CRT monitor at a distance of 57 cm with their heads on a chin-rest. All stimuli were presented on a black background. Face images were taken from 6 models (3 males, mean age = 24.0 years; 3 females, mean age = 27.0 years) photographed by the authors. The images were gray-scaled and subtended approximately 17 by 24° of the visual angle. The mean brightness was normalized across images. The backgrounds of geometric stimuli were generated by phase-scrambling the corresponding face images. The mask stimulus was generated from mosaic of an averaged image of the face stimuli. Thus, the mean brightness of the gaze, geometric control, and mask stimuli were identical.
For the analysis, responses from left- and right-averted gaze/geometric stimuli were pooled for each absolute angle. Each angle was presented 12 times, except for 0° stimuli, which were presented 24 times, for each of the three ISI conditions for both tasks (576 trials in total). The two tasks were performed in four separate blocks, each containing 144 trials, with the order counterbalanced across participants. The main experiment was preceded by 30 practice trials.


Table S1. Participant characteristics
	Mean (±1 SD)
	Male
	Female
	Group comparison

	N
	64
	64
	-

	Age
	21.0 (±1.9)
	20.7 (±1.8)
	p = .418, d = .144

	Age range
	18-28
	18-30
	-

	Handedness (L:R)
	3:61
	4:60
	p = .697, φ = .049

	AQ
	20.9 (±6.5)
	19.4 (±5.2)
	p = .145, d = .259

	Social skill†
	4.2 (±2.7)
	3.8 (±2.2)
	p = .429, d = .140

	Attention switching†
	5.0 (±1.8)
	4.6 (±1.9)
	p = .181, d = .238

	Attention to detail†
	4.0 (±2.0)
	4.5 (±2.1)
	p = .209, d = .223

	Communication†
	3.8 (±2.3)
	3.4 (±1.8)
	p = .250, d = .204

	Imagination†
	3.9 (±1.7)
	3.1 (±1.7)
	p = .009 **, d = .471


† Sub-scales of the AQ; ** p < .01; d indicates Cohen’s d, φ indicates the phi coefficient.

Supplemental Results and Discussion
Psychometric functions
A repeated-measures ANOVA on participants' direct/center responses with angle (0°, 10°, 20°, 30°) as a within-subject factor and sex (male, female) as a between-subject factor was separately performed with gaze and geometric conditions (Fig. S1). The main effect of the angle was significant in both gaze (F(1.770,223.057) = 2528.861, p < .0001,  = .953) and geometric (F(1.656,208.617) = 2165.630, p < .0001,  = .945) conditions, which indicated a decrease in direct/center responses with an increase in the angle (df = Greenhouse-Geisser corrected). The main effect of sex (F(1,126) = 7.095, p = .009,  = .053) and the interaction between the angle and sex (F(1.770,223.057) = 3.537, p = .036,  = .027) were significant in the gaze task. Multiple comparisons revealed that males showed greater ‘direct’ responses at angles between 10 and 30° than females (F(1,126) values > 5.206, p values < .024,  values > .040), and similar responses at an angle of 0° (F < 1,  = .002) in the gaze task. Neither the main effect of sex (F(1,126) = 1.158, p = .284,  = .009) nor the interaction between the angle and sex (F < 1,  = .004) was significant in the geometric task.
The sharper psychometric function of females than males under the gaze condition was consistent with previous studies that reported the superiority of females in gaze processing tasks [2, 3]. These results may stem from the relatively higher levels of social ability in females [e.g., empathizing, see 4].

Correlation between the AQ score and magnitude of the maximum ‘direct’ response
One may argue that a significant correlation may exist between the AQ score and magnitude of the maximum ‘direct’ response at an angle of 0° because individuals with high AQ scores may feel less ‘directly stared at’ from a direct-gaze face and vice versa. However, a significant correlation was not observed between the AQ score and response at an angle of 0° (males, r = .095, p = .458; females, r = -.124, p = .328), which indicated that the effect of autistic traits is confined to the gaze threshold rather than the magnitude of ‘direct’ response.

Males with high AQ
Although males with high AQ scores had a smaller gaze threshold than those with low AQ scores, their performances were almost similar to those of females (Fig. 1b), which suggests that the higher the autistic traits, the more the males exhibited female-like behaviors. In support of this hypothesis, a recent study demonstrated that, in terms of neuroanatomical volume differences, males with ASD exhibited a shift toward typically-developing females [5, 6]. Although its causal effect on behavior remains to be established, it appears reasonable to assume that sex differences in neural substrates affect sex differences in the phenotypic manifestation of ASD. As a result of this effect, males with high AQ scores may exhibit direct-gaze processing performance similar to that of females.
[bookmark: _GoBack]Furthermore, these results are also consistent with the finding that individuals with autism are more likely to depend on local features in gaze processing than individuals without autism [7, 8]. The higher dependency on low-level visual information in gaze processing may lead to a lower direct gaze threshold in males with high AQ scores [see also 9, 10]. Further research is needed to address this issue.

Detailed statistical analyses on the correlation in the gaze condition
We conducted 4 types of analysis in addition to that reported in the main text for the following purposes: to confirm the individual contribution of the gaze and geometric processing, and the interaction effect between the gaze and geometric processing (using a multiple regression model), to directly compare differences between males and females (using Fisher’s z-transformation), to assess correlations with a distribution-free, non-parametric test (using Spearman’s rank-order correlation coefficients), and to assess the influences of an outlier.
In summary, all analyses supported the main finding of our study. Significant correlations were found between the AQ scores and gaze threshold in males, but not in females, while correlations between the AQ scores and geometric threshold were not significant in either sex. However, the relationship between the AQ scores and gaze threshold in males was attenuated by a contribution from the interaction between the gaze and geometric processing. Given that individuals with autism were likely to use low-level featural, not configural, information to detect a direct gaze [8], male individuals may depend more on low-level visual information to process a direct gaze than females. Furthermore, the resemblance between the shape of the eye gaze and geometric stimuli used in our study may render male participants to process geometric stimuli similar to the eye gaze. Gaze-like objects or configurations have been shown to trigger responses that are almost identical to the human gaze [11, 12]. Indeed, we found a significant correlation between the gaze and geometric threshold in male (r = .516, p < .0001), but not in female participants (r = .183, p = .148). Thus, although geometric processing may play a limited role, it does not fully explain the significant correlation between the AQ score and gaze threshold in males.
We used a multiple regression model with AQ scores as a dependent variable and assessed the interaction term between the gaze and geometric threshold. This analysis not only confirmed the significant effect of the gaze threshold (β = -.290, t = 2.098, p = .040), but also revealed a significant interaction effect on the AQ scores in males (β = -.329, t = 2.079, p = .042). The effect of the geometric threshold was not significant in males (β = .142, t =.877, p = .384). No significant effects were observed in females for the gaze (β = .028, t =.215, p = .831), geometric threshold (β = -.090, t = .683, p = .497), or the interaction term (β = -.002, t = .015, p = .988). These results suggest the existence of the combined effects of gaze and geometric processing in males, but not in females.
In addition, we directly compared correlation coefficients between males and females. We used Fisher’s z-transformation and tested the significance of differences in correlations between males and females. A correlation between the AQ score and gaze threshold was greater in male than in female participants (z = 2.260, p = .024). The correlation between the AQ score and geometric threshold was similar between male and female participants (z = .809, p = .407). A partial correlation (controlling for the geometric threshold) between the AQ score and gaze threshold was marginally greater in male than in female participants (z = 1.938, p = .052). 
We also assessed correlations with a distribution-free, non-parametric test (Spearman’s rank-order correlation coefficient). A significant correlation was observed between the AQ score and gaze threshold in male (ρ = -.262, p = .037), but not in female participants (ρ = .092, p = .468). Significant correlations were not found between the AQ score and geometric threshold in male (ρ = -.130, p = .306) or female participants (ρ = -.087, p = .497). A partial correlation (controlling for the geometric threshold) between the AQ score and gaze threshold was marginally significant in male (ρ = -.230, p = .069), but not in female participants (ρ = .113, p = .377).
Finally, we assessed the influences of an outlier. We excluded data from a participant whose gaze threshold was approximately 25 in the gaze condition, and examined the relationship between the AQ score and gaze/geometric threshold in males. A significant correlation was observed between the AQ score and gaze threshold (r = -.320, p = .011), and marginally significant correlation was found between the AQ score and geometric threshold was (r = -.224, p = .077). A partial correlation (controlling for the geometric threshold) between the AQ score and gaze threshold was marginally significant (r = -.238, p = .063).
These results not only revealed a significant correlation between the AQ score and gaze threshold in males, but not in females, but also suggest that low-level geometric discrimination acuity may contribute to the correlation observed in males to some degree. However, this low-level visual processing is not sufficient to explain the significant correlation between the AQ score and gaze threshold in males.
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Fig. S1. Angle Psychometric Functions. (a) Percentage of responses in which participants reported as ‘direct’ under the gaze condition, plotted as a function of gaze angle. (b) Percentage of responses in which participants reported as ‘center’ under the geometric control condition. P values indicate group differences between males and females.
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Fig. S2. Correlation in the Geometric Control Condition. Correlation between the AQ score and geometric threshold (angle of 50% reported as ‘center’, which was estimated from the psychometric function) for males and females. A significant correlation was not observed in both sexes. Note that, controlling for this geometric threshold, the partial correlation between the AQ score and direct-gaze threshold was significant.
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