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Atypical Social Rank Recognition in 
Autism Spectrum Disorder
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Social animals, including humans, structure social groups where social hierarchy exists. Recognizing 
social rank of other group members is a crucial ability to subsist in such environments. Here we show 
preliminary evidence with a relatively small number of samples that children with autism spectrum 
disorder, a neurodevelopmental disorder involving social dysfunction, exhibit atypical, and more robust 
recognition of social rank than normal children, which may be developed to compensate deficits of the 
neural systems processing social information.

Autism spectrum disorder (ASD) is a neurodevelopmental disorder, whose prevalence has substantially been 
increasing recently, yet the reason remains unknown1. A primary symptom of ASD is social communication 
deficits, which could be associated with deficits of social cognition, such as Theory of Mind2. Accordingly, for 
instance, ASD subjects exhibit difficulties in assessments of emotions and thoughts of others from social signals 
such as facial expressions and behavioral intentions3.

Social animals, including humans, that spend their lives in social groups construct social hierarchy within 
the groups. Since social hierarchy is a principal determinant for allocation of limited resources for individuals 
in groups4, precise assessments of social rank of individuals in the groups is a crucial ability to live and behave 
advantageously in such social environments. Given that judging social rank of others is often based on social con-
texts (social signs, such as body languages, gestures and facial features, provoking social rank)5,6, which could also 
be associated with assessments emotional states and thoughts of others that are thought to be disrupted in ASD3, 
it is possible that ASD may also involve impairments of social rank recognition, which in turn, result in social 
communication deficits and maladaptation to the society. However, whether social rank recognition is altered in 
ASD has mostly remained unclear.

Adults, children, and even infants, can similarly recognize social rank of others7,8. Studies have shown that 
normal human subjects exhibit more orientation of visual attention to and better remember faces of higher social 
rank than those of lower social rank9–12. In addition, accumulating evidence from functional imaging studies 
suggests that social rank recognition is mainly divided into one that is based on social contexts and the other that 
is based on physical characteristics (physical characteristics provoking social rank, such as difference of body 
sizes)5. Studies have shown that the neural network centered on the medial prefrontal cortex (mPFC) processes 
social rank recognition with social contexts, whereas the neural network centered on the intraparietal sulcus 
(iPS), the brain region that mediates mathematical and quantity processing5, plays a role in social rank recogni-
tion with physical characteristics5. In ASD, lower mPFC activation in Theory of Mind tests than typically devel-
oping (TD) subjects has been reported13. In contrast, ASD subjects demonstrate superior mathematical abilities 
compared to TD subjects14.

Collectively, we hypothesized that imbalance toward lower socially relevant mPFC activity and facilitated 
mathematically relevant iPS activity, and thereby, disruption of social rank recognition with social contexts, but 
facilitated social rank recognition with physical characteristics, was observed in ASD. To examine this hypothesis, 
in this study, we investigated how social rank recognition was altered in school-aged children diagnosed with 
ASD. Contradicted to the hypothesis, ASD children exhibited similar level of social rank recognition with SC 
compared to TD children. However, it appeared that the process underlying social rank recognition with social 
contexts in ASD children was different from that of TD children.
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Results
Altered social rank recognition in ASD.  To investigate social rank recognition in ASD and TD children, 
we have developed the social rank recognition test, in which social rank recognition was assessed by presenting 
images illustrating two characters, along with signs of relationships implying that one was dominant and the 
other was subordinate. These signs were divided into (i) body languages/gestures as social contexts (SC; Fig. 1a), 
(ii) physical characteristics, such as body sizes (PC; Fig. 1b), and (iii) conflicted social and physical signs (CF; 
Fig. 1c). Participants rated social rank of two characters in each image, and the difference of rating scores (DRS) 
between the characters was considered as social rank recognition, with higher DRS indicating more robust social 
rank recognition.

DRS for all of SC, PC, and CF conditions combined was significantly higher in ASD than that in TD children 
(unpaired t-test, t18 = 2.20, p = 0.041, d = 0.99; Fig. 2a). When DRS was separately analyzed for each of SC, PC, 
and CF conditions, ASD children exhibited significantly higher DRS than TD children in the for CF condition 
(two-way ANOVA, F2,54 = 4.41, p = 0.017, η2 = 0.14, for sign types (SC vs. PC vs. CF); F1,54 = 11.1, p = 0.002, 
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Figure 1.  Social rank recognition test. (a–c) Examples of images with body languages/gestures as social 
contexts (a; SC), physical characteristics (b; PC), and conflicts between them (c; CF), used in the test.
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Figure 2.  Social rank recognition in ASD and TS children. (a) A graph showing difference of rating scores 
(DRS) for all images with SC, PC, and CF, combined. (b) A graph showing DRS separately for SC, PC, and CF. 
(c,d) Graphs showing correlations of DRS between for SC and PC in ASD (c) and TD (d) children, respectively.

https://doi.org/10.1038/s41598-019-52211-8


3Scientific Reports |         (2019) 9:15657  | https://doi.org/10.1038/s41598-019-52211-8

www.nature.com/scientificreportswww.nature.com/scientificreports/

η2 = 0.29, for subject types (ASD vs. TD); F2,54 = 1.38, p = 0.261, η2 = 0.05, for interaction; post-hoc Tukey test, 
p = 0.046 for ASD vs. TD in CF; Fig. 2b). A robust correlation was also observed between DRS for the SC and PC 
conditions in ASD children (r = 0.824, p = 0.003; Fig. 2c), which remained statistically significant even after two 
outliers with large DRS compared to others were removed (r = 0.801, p = 0.017). In contrast, such correlation was 
not observed in TD children (r = 0.417, p = 0.230; Fig. 2d), suggesting a possibility that social rank recognition of 
ASD children may be different from that of TD children.

Altered associations between social rank recognition and optical illusion in ASD.  To further 
explore how social rank recognition of ASD and TD children might differ, multiple regression analysis was con-
ducted to evaluate associations between DRS in the social rank recognition test and several factors that might be 
related to ASD, social rank, or both of them. These factors included Autism Spectrum Quotient (AQ15,16), urine 
serotonin (5-HT) concentration, and personality traits for aggression and sociality. In particular, aggression and 
sociality have been show to play some roles in social hierarchy of both humans and animals4,17–19, whereas the 
roles of 5-HT are suggested in both ASD20 and social hierarchy21. In addition, DRS for optical illusion was further 
examined, and included in this analysis, to evaluate whether social rank recognition, especially with PC, was 
literally related to perceived size difference of objects.

Significant difference between ASD and TD children was observed in AQ and urine 5-HT concentration, 
but not other factors (Table 1). However, such difference of urine 5-HT concentration appeared to be primarily 
due to a subset of ASD children exhibiting very high 5-HT concentration within the group (i.e. hyperserotone-
mia; Suppl. Fig. S1a,b). Multiple regression analysis revealed significant associations between DRS in the social 
rank recognition test and that in the optical illusion test (Table 2). In ASD children, associations were observed 
for both SC and PC conditions, whereas such association was found only for the PC condition in TD children 
(Table 2), suggesting that social rank recognition with PC is indeed dependent on perceived size difference of 
objects in both ASD and TD children, whereas, in ASD, consistent with the abnormal correlation between DRS 
for the SC and PC conditions in ASD, but not TD children, social rank recognition with SC appears to involve the 
system that processes perceived size difference.

Discussion
In this study, we found that, (i) somehow contradicted with the hypothesis, ASD children exhibited more robust 
social rank recognition than TD children, especially when SC and PC signs conflicted with each other; (ii) a corre-
lation between social rank recognition in the SC and PC conditions was observed in ASD, but not in TD children; 
and (iii) associations between DRS in social rank recognition with PC and that in the optical illusion test were 
observed both in ASD and TD children. In contrast, association between DRS in social rank recognition with SC 
and that in the optical illusion test was also observed in ASD, but not TD, children. The fist finding is consistent 
with previous studies in healthy human subjects showing that social rank recognition with SC and PC are pro-
cessed in distinct neural systems. Thus, the current finding suggests that these neural systems may compete with 
each other in social rank recognition with conflicted SC and PC in TD children. In contrast, such competition of 
the systems may be absent in ASD. Such difference of social rank recognition between ASD and TD children was 
further supported by the second finding. The absence of correlation between DRS in the SC and PC conditions 
in TD children is again consistent with processing of social rank recognition with SC and PC in distinct systems, 

ASD TD

t-value p(mean ± s.e.m.)

AQ 26.9 ± 1.70 11.8 ± 2.25 5.39 <0.001*

Optical Illusion 3.06 ± 0.74 2.03 ± 0.31 1.29 0.21

Aggression 3.78 ± 1.06 1.25 ± 0.53 2.05 0.059

Sociality 5.00 ± 0.99 2.75 ± 1.26 1.42 0.18

Urine 5-HT (μg/ml) 0.111 ± 0.029 0.047 ± 0.001 2.16 0.044*

Table 1.  Comparison of several factors associated with ASD, social rank, or both of them, in ASD and TD 
children. *Statistical significance.

ASD TD

Social contexts Physical characteristics Social contexts Physical characteristics

β p β p β p β p

AQ −0.35 ± 0.38 0.42 −0.37 ± 0.66 0.62 0.83 ± 1.87 0.70 −0.37 ± 0.13 0.099

Optical Illusion 1.31 ± 0.24 0.012* 1.38 ± 0.41 0.045* 0.26 ± 1.10 0.84 0.75 ± 0.10 0.015*

Aggression −0.14 ± 0.45 0.78 −0.37 ± 0.78 0.67 0.61 ± 2.12 0.80 −0.089 ± 0.11 0.51

Sociality −0.39 ± 0.14 0.064 −0.27 ± 0.23 0.33 −0.77 ± 1.48 0.65 0.084 ± 0.11 0.53

Urine 5-HT 0.033 ± 0.21 0.88 −0.088 ± 0.37 0.82 1.02 ± 0.83 0.34 −0.25 ± 0.12 0.16

Table 2.  Multiple regression analysis for associations between social rank recognition and several factors of 
interest. Mean ± s.e.m.; *Statistical significance.
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whereas the abnormal correlation between DRS in the SC and PC conditions in ASD suggests that, in ASD chil-
dren, social rank recognition with both SC and PC may be processed by the mutual neural system. These first and 
second findings were further supported by the third finding, unveiling the abnormal association between DRS 
in the SC condition and optical illusion in ASD, but not TD, children. This suggests that, in ASD children, social 
rank recognition with SC may be processed in the system that processes perceived size difference of objects, such 
as the one for social rank recognition with PC. Collectively, ASD children might perceive social rank of others 
with the signs of SC by developing a compensatory strategy utilizing the system that normally processes social 
rank recognition with PC, which could be as a consequence of impaired social information processing system.

Accumulating evidence suggests that mPFC and iPS are involved in social rank recognition, but distinctly for 
processing of that with SC and PC, respectively, in normal subjects5. Thus, our study expects to observe that both 
ASD and TD children may exhibit iPS activation in social rank recognition with PC. However, TD children may 
exhibit mPFC activation in social rank recognition with SC, whereas ASD children may exhibit iPS activation in 
social rank recognition with SC, instead of mPFC.

This study is rather at a preliminary stage, given a number of subjects participated in the study is relatively 
small. Since no clear age and gender difference in social rank recognition was observed among such a small 
number of participants, gender and age difference was not considered in this study. However, age and gender 
difference may emerge if a study is conducted with larger number of subjects. Age of participants varied from 7 
to 19 years old, with the average ages of 15.4 ± 0.93 and 13.3 ± 0.60 years old in ASD and TD children (t19 = 1.83, 
p = 0.083), respectively. These school-aged children were recruited into this study, since children around at this 
age become more sentient and are exposed to complex social environments, including existence of hierarchy, in 
their daily school life. Whether alterations of social rank recognition alterations observed in this study are similar 
in adult or younger-age ASD subjects remain unknown, and need to be addressed in a future study.

In conclusion, our study suggests that deficits of social information processing could be compensated by other 
neural systems when it comes to social rank recognition in ASD. Thus, ASD subjects may perceive social rank of 
other individuals more strictly, but in a different manner from normal subjects, especially when such recognition 
is based on social signs.

Methods
Subjects.  This study was conducted in accordance with the Declaration of Helsinki, and all experimental pro-
cedures were approved by the Human Research Ethics Committee of Kyoto University Primate Research Institute. 
Written informed consents, and written informed ascents when applicable, were obtained from participants or/and 
their parents. Eleven ASD children who were diagnosed with ASD at clinics (8 males, 3 females; from 7 to 19 years 
old) and 10 TD children (5 males, 5 females; from 11 to 16 years old) were recruited under the Kyoto University 
Kokoro Research Center Collaborative Research Project. The data from one ASD subject was dropped from fur-
ther analysis, due to invariable rating of the maximal score for all images in the social rank recognition test.

Social rank recognition test.  We have conceived the social rank recognition test to evaluate recognition 
of social rank of other individuals. This test consisted of 18 images presented on the computer monitor, with 
each of image including two persons, puppets, or personificated animals, and positioning one on the left side and 
the other on the right side of the image. In each image, these two characters exhibit a sign of their relationship 
implying that one was dominant and the other was subordinate. The signs were divided into 3 categories; (i) body 
languages/gestures as social contexts, e.g. one character is scolding the other character (SC; Fig. 1a), (ii) physical 
characteristics, e.g. substantially different body sizes of two characters (PC; Fig. 1b), and (iii) conflicted social and 
physical signs, e.g. a smaller character is scolding a larger character (CF; Fig. 1c). The test included 7 images with 
SC, 6 images with PC, and 5 images with CF. Participants were asked to rate rank of two characters on the left and 
right sides, respectively, in each image, by dividing (to the first decimal place, if necessary) a total of 10 points 
allotted to each of the left and right characters, such that the difference of rating scores (DRS) given between 
two characters was considered as social rank recognition, with higher DRS indicating more robust recognition. 
Although images used in the conflict condition contained both SC and PC signs at the same time, DRS was not 
scored separately for each of them, but scored as a whole, in this condition.

Optical illusion test.  The optical illusion test was similar to the social rank recognition test, but in this 
test, 10 optical illusions (Ebbinghaus, Delboeuf, Jastrow, Müller-Lyer, Ponzo, Vertical–horizontal, Oppel–Kundt, 
Sander, Checker shadow, and Bezold) were presented. Participants were asked to rate perceived difference (in 
length, size, or color strength) of two objects in each illusion by dividing a total of 10 points allotted for each 
image, such that the DRS given between two objects was considered as recognition of size difference, with higher 
DRS indicating more robust recognition.

Personality questionnaire.  Personality traits of participants were evaluated using the paper-based Japanese 
questionnaire, TS-type Infant and Child Personality Diagnostic Test22. This test included 139 questions regarding 
personality traits of infants and children, which were evaluated by their parents with an answer “yes” or “no”. The 
test assessed 10 personality traits (self-assertion, nervousness, emotional instability, self-control, dependency, 
regression, aggression, sociality, adaptation in family environments, and adaptation in school environments), of 
which aggression and sociality were evaluated in this study. The number of the answer “yes” in each personality 
trait was calculated as a raw score, with the higher score indicating the more problematic trait, i.e., higher scores 
in aggression and sociality indicate more aggressive and less social personality, respectively. Although raw scores 
are normally converted into a percentile rank ranging from 1 to 99% of population level using a conversion table 
included in the test kit, raw scores were used to evaluate associations with DRS in the social rank recognition test 
in this study.
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Urine 5-HT assay.  5-HT concentrations in urine samples obtained from participants were measured using 
enzyme-linked immunosorbent assay (ELISA). Urine collection kits were distributed to participants in advance 
before psychological tests, and urine were sampled by the participants themselves in the morning of the day that 
psychological tests were conducted. All urine samples were collected within 6 hours, at which 10 ml of urine was 
mixed with the equal amount of 6 M acetic acid, and stored at −20 °C in the freezer until the day of processing 
for ELISA. Sample processing was conducted using a commercially available human 5-HT ELISA kit (Catolog 
#ARG80480; Arigo Biolaboratories, Taiwan, ROC) according to the manual. After processing, ELISA plates were 
read using iMark microplate Reader (Bio-rad, Hercules, CA).

Data analysis.  Statistical analysis of the data was conducted using unpaired t-test or ANOVA with post-hoc 
Tukey test. Multiple regression analysis was employed to examine associations between social rank recognition 
and other factors of interest. Statistical analysis was conducted using the statistical analysis software, Statistica 
(StatSoft, Tulsa, OK, USA).

Data availability
The datasets generated and analysed during the current study are available from the corresponding author on 
reasonable request.

Received: 20 June 2019; Accepted: 15 October 2019;
Published: xx xx xxxx

References
	 1.	 Baxter, A. J. et al. The epidemiology and global burden of autism spectrum disorders. Psychol Med, 1–13, https://doi.org/10.1017/

S003329171400172X (2014).
	 2.	 Frith, U. Why we need cognitive explanations of autism. Quart J Exp Psychol 65, 2073–2092, https://doi.org/10.1080/17470218.201

2.697178 (2012).
	 3.	 Altschuler, M. et al. Measuring Individual Differences in Cognitive, Affective, and Spontaneous Theory of Mind Among School-Aged 

Children with Autism Spectrum Disorder. J Autism Dev Disord 48, 3945–3957, https://doi.org/10.1007/s10803-018-3663-1 (2018).
	 4.	 Koski, J. E., Xie, H. & Olson, I. R. Understanding social hierarchies: The neural and psychological foundations of status perception. 

Soc Neurosci 10, 527–550, https://doi.org/10.1080/17470919.2015.1013223 (2015).
	 5.	 Mason, M., Magee, J. C. & Fiske, S. T. Neural substrates of social status inference: roles of medial prefrontal cortex and superior 

temporal sulcus. J Cogn Neurosci 26, 1131–1140, https://doi.org/10.1162/jocn_a_00553 (2014).
	 6.	 Karafin, M. S., Tranel, D. & Adolphs, R. Dominance attributions following damage to the ventromedial prefrontal cortex. J Cogn 

Neurosci 16, 1796–1804, https://doi.org/10.1162/0898929042947856 (2004).
	 7.	 Thomsen, L., Frankenhuis, W. E., Ingold-Smith, M. & Carey, S. Big and mighty: preverbal infants mentally represent social 

dominance. Science 331, 477–480, https://doi.org/10.1126/science.1199198 (2011).
	 8.	 Charafeddine, R. et al. How preschoolers use cues of dominance to make sense of their social environment. J Cogn Dev 16, 587–607 

(2015).
	 9.	 Zitek, E. M. & Tiedens, L. Z. The fluency of social hierarchy: the ease with which hierarchical relationships are seen, remembered, 

learned, and liked. J Pers Soc Psychol 102, 98–115, https://doi.org/10.1037/a0025345 (2012).
	10.	 Foulsham, T., Cheng, J. T., Tracy, J. L., Henrich, J. & Kingstone, A. Gaze allocation in a dynamic situation: effects of social status and 

speaking. Cognition 117, 319–331, https://doi.org/10.1016/j.cognition.2010.09.003 (2010).
	11.	 Breton, A., Cheylus, A., Baudouin, J. & Van der Henst, J. Status lies in the eye of the beholder: Evidence from eye-tracking data. 

PsyArXiv, https://doi.org/10.31234/osf.io/r31234q31233c. (2018).
	12.	 Ratcliff, N. J., Hugenberg, K., Shriver, E. R. & Bernstein, M. J. The allure of status: high-status targets are privileged in face processing 

and memory. Personality & social psychology bulletin 37, 1003–1015, https://doi.org/10.1177/0146167211407210 (2011).
	13.	 Gallagher, H. L. & Frith, C. D. Functional imaging of ‘theory of mind’. Trend Cogn Sci 7, 77–83 (2003).
	14.	 Iuculano, T. et al. Brain organization underlying superior mathematical abilities in children with autism. Biol Psychiatry 75, 223–230, 

https://doi.org/10.1016/j.biopsych.2013.06.018 (2014).
	15.	 Baron-Cohen, S., Wheelwright, S., Skinner, R., Martin, J. & Clubley, E. The autism-spectrum quotient (AQ): evidence from Asperger 

syndrome/high-functioning autism, males and females, scientists and mathematicians. J Autism Dev Disord 31, 5–17 (2001).
	16.	 Wakabayashi, A., Baron-Cohen, S., Wheelwright, S. & Tojo, Y. The Autism-Spectrum Quotient (AQ) in Japan: A cross-cultural 

comparison. J Autism Dev Disord 36, 263–270, https://doi.org/10.1007/s10803-005-0061-2 (2006).
	17.	 Morgan, D. et al. Predictors of social status in cynomolgus monkeys (Macaca fascicularis) after group formation. Am J Primatol 52, 

115–131, doi:10.1002/1098-2345(200011)52:3<115::AID-AJP1>3.0.CO;2-Z (2000).
	18.	 Kalma, A. P. & Visser, L. Sociable and aggressive dominance: Personality differences in leadership style? Leadersh Q 4, 45–64 (1993).
	19.	 Cook, J. L., den Ouden, H. E., Heyes, C. M. & Cools, R. The social dominance paradox. Curr Biol 24, 2812–2816, https://doi.

org/10.1016/j.cub.2014.10.014 (2014).
	20.	 Gabriele, S., Sacco, R. & Persico, A. M. Blood serotonin levels in autism spectrum disorder: a systematic review and meta-analysis. 

Eur Neuropsychopharmacol 24, 919–929, https://doi.org/10.1016/j.euroneuro.2014.02.004 (2014).
	21.	 Shively, C. A., Register, T. C., Higley, J. D. & Willard, S. L. Sertraline effects on cerebrospinal fluid monoamines and species-typical 

socioemotional behavior of female cynomolgus monkeys. Psychopharmacol (Berl) 231, 1409–1416, https://doi.org/10.1007/s00213-
013-3329-9 (2014).

	22.	 Takagi, S., Sakamoto, R. & Sonoyama, S. TS Personality Inventory Manual. (Kaneko Shobo Publishing Co. Ltd., 1997).

Acknowledgements
We thank participants and their families whose participations enabled us to conduct this study. This 
study was supported by Daiko Foundation, Kyoto University, National Research Foundation of Korea 
(2017R1D1A1B03028486), and JSPS Grant-in-Aid for Challenging Exploratory Research (16K12446), 
and conducted under the Kyoto University Kokoro Research Center Collaborative Research Project, along with 
use of the Collaborative Cognitive Science Laboratory in Kokoro Research Center.

Author contributions
S.O., S.Y. and Y.G. designed research; S.O., M.I. and Y.A.L. performed research; S.O., M.I., Y.A.L. and Y.G. 
analyzed data; Y.A.L. and Y.G. wrote the paper.

https://doi.org/10.1038/s41598-019-52211-8
https://doi.org/10.1017/S003329171400172X
https://doi.org/10.1017/S003329171400172X
https://doi.org/10.1080/17470218.2012.697178
https://doi.org/10.1080/17470218.2012.697178
https://doi.org/10.1007/s10803-018-3663-1
https://doi.org/10.1080/17470919.2015.1013223
https://doi.org/10.1162/jocn_a_00553
https://doi.org/10.1162/0898929042947856
https://doi.org/10.1126/science.1199198
https://doi.org/10.1037/a0025345
https://doi.org/10.1016/j.cognition.2010.09.003
https://doi.org/10.31234/osf.io/r31234q31233c.
https://doi.org/10.1177/0146167211407210
https://doi.org/10.1016/j.biopsych.2013.06.018
https://doi.org/10.1007/s10803-005-0061-2
https://doi.org/10.1016/j.cub.2014.10.014
https://doi.org/10.1016/j.cub.2014.10.014
https://doi.org/10.1016/j.euroneuro.2014.02.004
https://doi.org/10.1007/s00213-013-3329-9
https://doi.org/10.1007/s00213-013-3329-9


6Scientific Reports |         (2019) 9:15657  | https://doi.org/10.1038/s41598-019-52211-8

www.nature.com/scientificreportswww.nature.com/scientificreports/

Competing interests
The authors declare no competing interests.

Additional information
Supplementary information is available for this paper at https://doi.org/10.1038/s41598-019-52211-8.
Correspondence and requests for materials should be addressed to Y.G.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2019

https://doi.org/10.1038/s41598-019-52211-8
https://doi.org/10.1038/s41598-019-52211-8
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Atypical Social Rank Recognition in Autism Spectrum Disorder

	Results

	Altered social rank recognition in ASD. 
	Altered associations between social rank recognition and optical illusion in ASD. 

	Discussion

	Methods

	Subjects. 
	Social rank recognition test. 
	Optical illusion test. 
	Personality questionnaire. 
	Urine 5-HT assay. 
	Data analysis. 

	Acknowledgements

	Figure 1 Social rank recognition test.
	Figure 2 Social rank recognition in ASD and TS children.
	Table 1 Comparison of several factors associated with ASD, social rank, or both of them, in ASD and TD children.
	Table 2 Multiple regression analysis for associations between social rank recognition and several factors of interest.




