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Abstract 52 

Research suggests there are sex differences in social cogniIve abiliIes, with females typically performing 53 

beXer on tasks involving emoIon recogniIon and mental state aXribuIon. However, many prior studies 54 

have demonstrated limited replicability, perhaps due to differences in methods employed or samples 55 

studied. Given that social cogniIon is a key determinant of social funcIoning, and that social dysfuncIon 56 

represents a transdiagnosIc issue in neuropsychiatric populaIons, understanding sex differences in 57 

social cogniIon among individuals with varying levels of social funcIoning should broaden our 58 

understanding of the eIology, expression, and treatment of psychopathology. The present study 59 

examined sex differences in gaze percepIon, perceptual theory of mind, and social inference abiliIes in 60 

a sample (n = 212; 58.5% female) of adolescents and young adults (ages 14 to 30) ranging from minimal 61 

to clinical levels of social dysfuncIon. Females performed beXer on tasks involving perceptual theory of 62 

mind, social inferencing, and eye gaze percepIon, and most sex differences remained even aner 63 

accounIng for general cogniIon, age, and psychopathology. The one excepIon is that females and males 64 

did not differ on a complex, dynamic social inferencing task once accounIng for psychopathology. Our 65 

findings suggest that females may generally be more sensiIve to social signals related to the eyes and 66 

may more accurately idenIfy social signals when there is subtle or limited informaIon available. Findings 67 

indicate the importance of recognizing sex differences in the presentaIon of social funcIoning and, by 68 

extension, socially relevant psychopathology. Such differences may have implicaIons for tailoring 69 

treatments for social dysfuncIon. 70 

Keywords: social cogniIon; sex differences; theory of mind; social inference; social dysfuncIon  71 
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IntroducFon 72 

General Sex Differences in CogniFon and Social CogniFon 73 

Extensive research has invesIgated the potenIal role of biological sex in cogniIve abiliIes. 74 

Although studies indicate minimal, if any, sex differences in general cogniIve ability, some dispariIes 75 

have been observed for more specific cogniIve domains (see review by Kheloui et al., 2023). For 76 

instance, males have consistently demonstrated beXer performance on spaIal tasks, parIcularly those 77 

involving mental rotaIon (e.g., Voyer et al., 1995), whereas females tend to perform beXer on tests of 78 

verbal abiliIes (e.g., Hirnstein et al., 2023). Females have also shown superior performance on certain 79 

memory tasks (e.g., Hirnstein et al., 2023), but results have been inconsistent and may depend on how 80 

the task is presented to parIcipants (Huguet & Régner, 2009).  81 

Social cogniIon has emerged as another area of interest in the study of sex differences given its 82 

overlapping, yet disInct, features with general cogniIon (e.g., memory, aXenIon, execuIve 83 

funcIoning). Coupled with findings that males exhibit more direct aggressive behavior toward others 84 

(Archer, 2004) and that females self-report higher levels of empathy (Di Tella et al., 2020), prominent 85 

theories emphasizing the role of biological sex in social behavior (Taylor et al., 2000) suggest females 86 

might perform beXer in cogniIve domains specifically relevant to social interacIon and prosocial 87 

behavior. Indeed, research has suggested some sex differences when it comes to tests of social cogniIve 88 

abiliIes, such as emoIon recogniIon and theory of mind. For example, studies have reported that 89 

females generally perform beXer on tasks involving social processing (Proverbio, 2023), inferring others' 90 

mental states (Baron-Cohen, 2003), and idenIfying facial emoIonal expressions (Kret & De Gelder, 2012; 91 

Hall et al., 2010; McClure, 2000; Hall & Matsumoto, 2004). Moreover, studies examining response Ime 92 

have found that women are both faster and more accurate in discriminaIng between emoIons (e.g., 93 

Hall & Matsumoto, 2004). This advantage may be partly aXributed to women's greater aXenIon to the 94 
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eye region during face percepIon (Hall et al., 2010) and to their lower thresholds for detecIng emoIons 95 

at varying intensiIes (Fischer et al., 2018). 96 

Although many studies suggest beXer social cogniIon in females, other research presents a 97 

more complex picture. Vaskinn et al. (2024) reported limited evidence for sex differences in theory of 98 

mind, but stronger evidence for female superiority in emoIon recogniIon across all examined groups. 99 

AddiIonally, although women onen demonstrate beXer performance in emoIon recogniIon tasks, this 100 

advantage is not uniform across all studies and condiIons (Kret & De Gelder, 2012). Results vary and are 101 

influenced by factors such as age (McClure, 2000) or the specific emoIon being assessed (e.g., Di Tella et 102 

al., 2020; RoXer & RoXer, 1988). For example, Di Tella et al. (2020) found that females exhibited beXer 103 

recogniIon of angry faces specifically. Notably, when emoIons are presented dynamically (e.g., changes 104 

in emoIonal expression) rather than as staIc images, sex differences in emoIon recogniIon accuracy 105 

someImes disappear (e.g., Rahko et al., 2010). Thus, task-presentaIon methods may also play a role in 106 

observed sex differences. AddiIonal research using a variety of methods assessing different domains is 107 

necessary to clarify sex differences in social cogniIon.  108 

Sex Differences in Social CogniFon in Clinical PopulaFons 109 

Although general-populaIon studies of sex differences in social cogniIon have provided 110 

foundaIonal knowledge, understanding sex differences is even more perInent to clinical populaIons. 111 

DifficulIes with social cogniIon have been consistently observed in a variety of diagnoses, such as 112 

schizophrenia and auIsm spectrum disorder (Pinkham et al., 2020), as well as social anxiety disorder 113 

(see review by Alvi et al., 2022). Given the prevalence of social cogniIve deficits in psychopathology, 114 

populaIon-level sex differences in social cogniIon may be further exaggerated in clinical groups. 115 

Nonetheless, examinaIon of clinical data has yielded similarly contradictory evidence regarding sex 116 

differences in social cogniIon.  117 

Pinkham et al. (2017) assessed social cogniIon in individuals with schizophrenia across mulIple 118 
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domains, including emoIon recogniIon, theory of mind, and aXribuIonal style. Despite employing 119 

mulIple tests for each domain, they found no significant sex differences. Research on first-episode 120 

psychosis has produced mixed results, with Labad et al. (2016) finding beXer performance among 121 

females on an emoIonal intelligence test, whereas other groups have found no sex differences across a 122 

variety of other tasks (e.g., Danaher et al., 2018). Studies on sex differences in social cogniIon among 123 

individuals with auIsm spectrum disorders have also yielded inconsistent findings. MaXern et al. (2023) 124 

suggested that girls with auIsm may exhibit beXer social cogniIon and understanding of social causality 125 

than boys. Other studies have at Imes found no sex differences in accuracy on social cogniIon tasks 126 

among people with auIsm (e.g., Baron-Cohen et al., 2015; Hall et al., 2012), although there is evidence 127 

of faster reacIon Imes and different paXerns of brain acIvaIon in females with auIsm (Hall et al., 128 

2012). Lastly, social anxiety is another form of psychopathology that may play a role in sex differences in 129 

social cogniIon. For instance, research has shown that women tend to have higher levels of social 130 

anxiety than men (Asher et al., 2017), leading some to suggest that any observed sex differences in social 131 

cogniIon in general and clinical samples could be more directly explained by differences in social anxiety 132 

(CluXerbuck et al., 2023). Indeed, Di Tella et al. (2020) found no sex differences in theory of mind when 133 

males and females sampled from the general populaIon were matched for social anxiety levels. Because 134 

social anxiety is common among clinical populaIons, it may be an uncontrolled factor that has 135 

contributed to conflicIng findings in the literature. Furthermore, general cogniIve abiliIes, which 136 

overlap to some degree with social cogniIon (Udochi et al., 2022) and can also be impacted by varying 137 

levels of psychopathology, have onen gone unaccounted in social cogniIon research and may play a role 138 

in inconsistent findings. Thus, accounIng for neurocogniIon and psychopathology factors may elucidate 139 

the role of sex in social abiliIes specifically.  140 

In sum, although research has revealed differences in social cogniIon between the sexes, only a 141 

limited number of these findings have been consistently replicated, and results may depend upon 142 
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addiIonal factors such as the specific tasks uIlized, general cogniIve abiliIes, and presence of 143 

psychopathology in study parIcipants. This underscores the need for further research to clarify the 144 

nature and extent of sex differences in social cogniIon. Furthermore, the transdiagnosIc nature of social 145 

impairment necessitates examinaIon of sex differences across diagnosIc boundaries; such an 146 

examinaIon may provide clarificaIon of differences that are not simply aXributable to specific 147 

diagnosIc features.  148 

Goals and Hypotheses 149 

The primary goal of the present study was to clarify sex differences in social cogniIon using a 150 

sample selected for varying levels of social dysfuncIon (i.e., mild to severe challenges interpersonal 151 

conflict/avoidance, and in developing and maintaining meaningful interpersonal relaIonships). As noted, 152 

lack of clarity regarding sex differences in social cogniIon may be due to differences in tasks and types of 153 

samples. We aimed to address inconsistencies in findings regarding sex differences in social cogniIon by 154 

comparing males and females from a young, transdiagnosIc sample in their performance on several 155 

social cogniIve tasks that vary in complexity. This sample is ideal, as prominent social difficulIes emerge 156 

or worsen in adolescence and young adulthood, providing an appropriate age range to observe sex-157 

specific effects. Furthermore, selecIon based on social dysfuncIon provided a sample with likely 158 

variable social cogniIon difficulIes (which are known contributors of social dysfuncIon). Lastly, 159 

examining social cogniIon transdiagnosIcally provided a dimensional, nuanced examinaIon of sex 160 

differences that are not merely driven by differences in discrete forms of psychopathology. 161 

Specifically, we examined sex differences in gaze percepIon, mental state aXribuIon, and social 162 

inference abiliIes. These domains were selected because they capture a range of low-level (perceptual) 163 

to higher-level (mentalizing, social inference) social cogniIon. Although there are inconsistencies in the 164 

literature, the general trend suggests female superiority on social cogniIon. Therefore, we hypothesized 165 

that females from a sample spanning the social dysfuncIon spectrum would demonstrate superior 166 
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performance on all tests of social cogniIon. Furthermore, we hypothesized these sex differences would 167 

be robust against (or even stronger aner accounIng for) potenIally confounding variables (i.e., 168 

visuospaIal ability, age, IQ). Lastly, given the transdiagnosIc nature of social dysfuncIon, we examined 169 

in an exploratory fashion whether any sex differences in social cogniIon were impacted by 170 

psychopathology factors.  171 

Methods  172 

ParFcipants 173 

ParIcipants (n = 212; 58.5% female) were recruited via Internet and community adverIsements 174 

and local clinics to complete an ongoing NIH-funded study (Tso et al., 2020) on mechanisms of social 175 

cogniIon and social dysfuncIon. Power analysis was conducted in relaIon to the primary aims of this 176 

parent study, which provided a conservaIvely large sample size for the disInct goals of the present 177 

study. ParIcipants self-reported their biological sex. All parIcipants met the following eligibility criteria 178 

defined for the broader study: 1) between the ages of 14-30; 2) ability and willingness to provide 179 

informed consent; 3) vision equal to or beXer than 20/30 on the Snellen visual acuity test, with 180 

correcIon if necessary; 4) no significant neurological abnormaliIes, such as seizure disorder, mass 181 

lesions, etc.; (5) no known Mendelian disorder; (6) no acIve substance use in the past 30 days; (7) IQ ≥ 182 

80. To sample the full range of social funcIoning, trained interviewers idenIfied parIcipants based on 183 

social dysfuncIon scores as determined by the Mental Illness Research, EducaIon, and Clinical Center’s 184 

Global Assessment of FuncIoning (MIRECC-GAF; Niv et al., 2007) and Global FuncIoning Scale Social 185 

subscale (GFS-Social; CornblaX et al., 2007). The MIRECC-GAF and GFS-Social define social dysfuncIon 186 

based on the degree of difficulty with maintenance of meaningful relaIonships, development of new 187 

relaIonships, and interpersonal conflict or avoidance in the past month. For example, these measures 188 

assess the number of close relaIonships, frequency of social interacIons, and frequency of conflicts, 189 

social avoidance, and social withdrawal. Both measures were included to increase reliable idenIficaIon 190 
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of parIcipants with social dysfuncIon. Cut-offs defined within the scales were used to select 191 

parIcipants. Specifically, parIcipants with a MIRECC-GAF score of 69 (“borderline dysfuncIonal”) or less 192 

or GFS-Social score of 6 (“moderate impairment”) or less were classified as having social dysfuncIon, 193 

whereas scores higher than both these thresholds idenIfied parIcipants with no social dysfuncIon. 194 

ParIcipants idenIfied as having no social dysfuncIon were eligible for the study if they addiIonally had 195 

no history of mental illness diagnoses based on the DiagnosIc and StaIsIcal Manual of Mental 196 

Disorders – 5 and were not currently taking any psychotropic medicaIons. 197 

Although parIcipants were not selected based on clinical or diagnosIc status, this enriched 198 

sample consisted of parIcipants with social anxiety disorder (n=40), auIsm spectrum disorder (n=24), a 199 

psychoIc spectrum disorder (n=23), various comorbidiIes of these diagnoses (n=53), subclinical levels of 200 

these diagnoses (n=25), as well as a comparison group (n=47) idenIfied as having no social dysfuncIon. 201 

Examining across these diagnosIc groups that are defined by the shared feature of social dysfuncIon (as 202 

opposed to splizng by group) offered a meaningful and staIsIcally robust method to determining sex 203 

differences in social cogniIon. See S1 Table and S2 Table for demographic informaIon and descripIve 204 

staIsIcs for the total sample and summarized separately for males and females. 205 

Measures and Procedures 206 

ParIcipants completed all tasks as part of a larger eye-tracking and neuroimaging study (see Tso 207 

et al., 2020 for approved NIH proposal) completed at the University of Michigan (U of M) and The Ohio 208 

State University (OSU). However, the present study specifically examines performance on a variety of 209 

behavioral tasks included in the parent study that capture low-level (perceptual) and higher-level 210 

(mentalizing, social inferencing) social cogniIon. Inclusion of tasks capturing these different levels of 211 

complexity allowed us to discern at which levels sex differences emerge. Note that the present study 212 

collected informaIon on sex assigned at birth; gender idenIty was not assessed as it was not central to 213 

the parent study's research quesIons. The study was approved by each university’s respecIve 214 
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InsItuIonal Review Board. The data collecIon period for this study began at U of M on 17/05/2021 and 215 

at OSU on 18/06/2024. Data collecIon for both sites ended on 16/12/2025 for the present study. 216 

ParIcipants provided wriXen informed consent, and for minors who assented to study parIcipaIon, 217 

their parent/guardian provided consent. All parIcipants completed psychopathology assessments and 218 

behavioral tasks (S3 Text). A subset of parIcipants completed addiIonal behavioral tasks administered in 219 

the context of neuroimaging. All parIcipants received compensaIon for their Ime. 220 

A variety of quesIonnaire and clinician-rated measures (S4 Text) were administered to capture 221 

three relevant psychopathology dimensions (psychosis proneness, auIsm, social anxiety) for the 222 

purposes of analyses examining sex differences over-and-above these characterisIcs. To examine 223 

psychosis proneness, parIcipants completed the Peters Delusion Inventory (PDI; Peters et al., 1998), 224 

Cardiff Anomalous PercepIon Scale (CAPS; Bell et al., 2006), and Scale for the Assessment of NegaIve 225 

Symptoms (SANS; Andreasen, 1984). For consistency with other psychopathology measures, the total 226 

number of endorsed items on the PDI and CAPS, and not other subscores (e.g., distress level), were used 227 

for analyses. To examine auIsm traits, parIcipants completed the AuIsm Spectrum QuoIent (AQ; 228 

Baron-Cohen et al., 2001b) and the AuIsm DiagnosIc ObservaIon Schedule Second EdiIon (ADOS; Hus 229 

& Lord, 2014). The revised algorithm for the ADOS (Hus & Lord, 2014) specifically was used for analyses. 230 

To examine social anxiety, parIcipants completed the Social Phobia Inventory (SPIN; Connor et al., 2000) 231 

and Social Anxiety Disorder Dimensional Scale (SADD; LeBeau et al., 2012), and item totals on these 232 

measures were computed. MulIple measures of each trait dimension were included to increase 233 

reliability and comprehensiveness of content coverage. 234 

To examine low-level social cogniIve abiliIes, parIcipants completed several versions of the 235 

Gaze PercepIon Task (Lasagna et al., 2020; Fig 1). This task provided a measure of one’s ability to discern 236 

the direcIon of others’ gaze, which is a fundamental skill that supports higher-level social abiliIes 237 

(Campbell et al., 2006). First, parIcipants completed a behavioral protocol, which included two 238 
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condiIons (Gaze-Forward and Gaze-Deviated) that capture perceptual social cogniIon. For both 239 

condiIons, parIcipants were shown a series of face images and asked to determine if each face was 240 

looking at them (yes/no). For Gaze-Forward, face images were directed toward the center of the screen. 241 

For Gaze-Deviated, face images were directed away from the center of the screen. There were nine 242 

different signal intensiIes for the face sImuli, with eye-contact strength that varied from fully direct to 243 

fully averted in small increments (Fig 1a). ParIcipants completed a total of 108 Gaze-Forward trials in 244 

one block and 108 Gaze-Deviated trials in a second block. 245 

Fig 1. Gaze PercepFon Task   246 

Note. ParIcipants are shown a series of face images with varying signal intensiIes. The nature of the 247 
signal intensity depends on the parIcular task condiIon (a). For the Gaze-Forward, Gaze-Eyes, and Gaze-248 
Deviated condiIons, they are asked to determine if each face is looking at them (yes/no). In these 249 
condiIons, the eye contact signal intensity ranges from weak (i.e., clearly not looking at me) to strong 250 
(i.e., clearly looking at me) in gradual increments. Gaze-Forward (non-scanner) and Gaze-Eyes (scanner) 251 
both had forward-facing head orientaIons, whereas Gaze-Deviated (non-scanner) had deviated-facing 252 
head orientaIons. For the Gaze-Lines condiIon, they are asked whether each set of lines superimposed 253 
over the eye region is verIcal (yes/no). In these condiIons, the “verIcal signal intensity” ranges from 254 
weak (i.e., lines clearly slanted) to strong (i.e., clearly verIcal) in gradual increments. To index 255 
parIcipant’s perceptual precision for each condiIon, their endorsement rates were modeled as a logisIc 256 
funcIon of signal intensity and a “width” metric was computed as the difference between signal 257 
intensiIes at the points where the parIcipant responded “yes” 5% versus 95% of the Ime. A similar 258 
psychophysical precision metric (i.e., the width of the logisIc funcIon between 5% and 95% ‘yes’ 259 
responses) was computed for both the gaze and lines condiIons, allowing us to control for non-social 260 
perceptual processes. (b). Smaller width values reflect greater precision, showing that the parIcipant is 261 
more sensiIve to small changes in gaze or line angles.     262 

A subset of parIcipants went on to complete a neuroimaging protocol, which included two 263 

condiIons of the Gaze PercepIon Task (Gaze-Eyes and Gaze-Lines) and provided addiIonal informaIon 264 

about perceptual social cogniIon. Note again that only behavioral data were examined in this study. 265 

Although administered during neuroimaging, Gaze-Eyes was the same task as Gaze-Forward described 266 

above. For Gaze-Lines, parIcipants viewed a series of face images with sets of lines imposed over the 267 

face’s eye region, and responded whether these lines were verIcal (yes/no). There were six different 268 

signal intensiIes with lines varying from fully verIcal to diagonally Ilted (Fig 1a). The inclusion of Gaze-269 



Running Head: SEX DIFFERENCES SOCIAL COGNITION 12 

Eyes and Gaze-Lines condiIons provided the opportunity to examine gaze percepIon while controlling 270 

for visuospaIal ability. The Gaze-Lines condiIon serves as a control condiIon for Gaze-Eyes, assessing 271 

basic visuospaIal abiliIes with similar difficulty to Gaze-Eyes but without access to gaze informaIon. 272 

ParIcipants completed a total of 108 Gaze-Eyes trials and 72 Gaze-Lines trials, spread over three runs, 273 

each with four gaze and four lines blocks.   274 

Using principles of psychophysics, the Gaze PercepIon Task was analyzed to provide an esImate 275 

of perceptual precision on each condiIon. First, endorsement rates (i.e., proporIon of “yes” responses) 276 

were computed for each signal intensity (i.e., gaze angle or line angle). Then, endorsement rates were 277 

modeled as a logisIc funcIon of signal intensity, using Bayesian esImaIon implemented through the 278 

psignifit 4 toolbox (SchüX et al., 2016) for MATLAB. To index precision, we then computed the widths of 279 

the psychometric percepIon curve of each parIcipant across all condiIons, defined as the difference 280 

between signal intensiIes at the points where the parIcipant responded “yes” 5% versus 95% of the 281 

Ime (Fig 1b). Smaller width values reflect greater precision, showing that the parIcipant is more 282 

sensiIve to small changes in gaze or line angles. More complete details of this fizng procedure are 283 

detailed in S5 Text. A similar psychophysical precision metric (i.e., the width of the logisIc funcIon 284 

between 5% and 95% ‘yes’ responses) was computed for both the gaze and lines condiIons, allowing us 285 

to control for non-social perceptual processes. Perceptual precision on this task was used as a metric of 286 

social cogniIve ability in this study because it has been shown to correlate highly with accuracy on other 287 

social cogniIon measures (Lasagna et al., 2020). 288 

Lastly, parIcipants completed two behavioral tasks capturing different aspects of mental state 289 

aXribuIon abiliIes. These tasks captured more advanced social cogniIon skills beyond those of the Gaze 290 

Task and thus allowed examinaIon of different levels of complexity at which sex differences may occur. 291 

ParIcipants completed the Reading the Mind in the Eyes test (RME; Baron-Cohen et al., 2001a), which 292 

examines perceptual theory of mind. Specifically, the RME builds upon our examinaIon of low-level 293 
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perceptual abiliIes by requiring interpretaIon of social informaIon conveyed by a pair of eyes. This task 294 

consists of 36 pictures of eyes portraying different emoIonal or mental states, and parIcipants select 295 

the appropriate state being exhibited from four mulIple-choice opIons. Accuracy was computed as total 296 

correct answers. ParIcipants addiIonally completed The Awareness of Social Inference Test (TASIT; 297 

McDonald et al., 2006), which provides an addiIonally complex evaluaIon of mental state aXribuIon as 298 

it requires the simultaneous integraIon of social informaIon exhibited across modaliIes 299 

(visual/movements, speech/tonal) to make social inferences. The TASIT is comprised of 18 videos that 300 

range from 15 to 60 seconds in length. Aner each video, parIcipants answered four yes/no quesIons 301 

about the characters’ acIons and mental states. Accuracy was computed as a percentage for overall 302 

performance. 303 

StaFsFcal Analyses 304 

 A series of regression analyses were used to examine the effect of sex (female = 0, male = 1) on 305 

performance for each behavioral task. A visuospaIal control (Gaze-Lines) was included as a covariate in 306 

the model predicIng Gaze-Eyes, but not Gaze-Forward and Gaze-Deviated (as only a subset of 307 

parIcipants completed neuroimaging). Thus, the Gaze-Forward and Gaze-Deviated condiIons provided 308 

an iniIal assessment of sex differences in perceptual social cogniIon, whereas the neuroimaging tasks 309 

(Gaze-Eyes and Gaze-Lines) allowed us to account for visuospaIal abiliIes and provide an esImate 310 

specific to social cogniIve performance. 311 

To examine whether sex-difference results were consistent aner accounIng for other relevant 312 

variables, we reran the same regression analyses with two different sets of covariates in the model. First, 313 

we accounted for IQ and age to ensure that the observed sex differences were not solely due to 314 

differences in intellectual funcIoning or age (given the different developmental periods included in the 315 

age range of this sample). Second, in addiIon to IQ and age, we included psychopathology indicators as 316 

covariates. Because there are both known sex differences and social cogniIve deficits in 317 
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psychopathology, accounIng for these indicators served as addiIonal sensiIvity analyses to examine 318 

whether any observed sex differences were driven by psychopathology. To account for psychopathology, 319 

we conducted a principal components analysis (PCA) based on our seven measures of dimensional 320 

psychopathology (AQ, ADOS, SPIN, SADD, SANS, PDI, and CAPS) and extracted factors to be included as 321 

addiIonal covariates in our regression models. ParIcipants were included in the PCA (n=185) if they 322 

completed at least 80% of the psychopathology measures in order to increase reliability of imputaIon. 323 

Missing values among these parIcipants were imputed using Bayesian PCA (pcaMethods package in R).  324 

Results 325 

Sex Differences in Social CogniFon Tasks 326 

All results from the regression analyses predicIng social cogniIon by sex are displayed in Table 327 

1. Violin plots provide a visual representaIon of observed sex differences (Fig 2). There were significant 328 

sex differences on the RME (β = -.22; p=.002), TASIT (β = -.15; p=.039), and Gaze-Deviated tasks (β = .23; 329 

p=.002), such that females exhibited beXer performance than males. AddiIonally, females showed 330 

greater perceptual precision on Gaze-Eyes both when Gaze-Lines was included as a covariate (β = .25; 331 

p=.005) and when Gaze-Lines was removed as a covariate (β = .20; p=.049; S6 Table). All results were 332 

retained, and several results were stronger, when age and IQ were included as covariates. There were no 333 

significant sex differences on Gaze-Lines (β = -.10; p=.333) or Gaze-Forward (β = .08; p=.287). 334 
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Table 1. Effects of Sex on Social CogniFon 335 

Criterion Variable  No Demographic Covariates  Covarying Age, IQ 

n b β t p  b β t p 

Gaze PercepIon Task – No Scanner           

    Gaze-Forward 184 .07 .08 1.07 .287  .06 .07 1.03 .307 

    Gaze-Deviated 184 .12 .23 3.13 .002**  .12 .22 3.11 .002** 

Gaze PercepIon Task – Scanner           

    Gaze-Eyesa 94 .20 .25 2.86 .005**  .23 .28 3.22 .002** 

    Gaze-Lines 94 -.06 -.10 -.97 .333  -.06 -.09 -.86 .394 

Reading the Mind in the Eyes 195 -1.86 -.22 -3.09 .002**  -1.88 -.22 -3.13 .002** 

The Awareness of Social Inference Test  181 -.03 -.15 -2.08 .039*  -.03 -.15 -2.09 .038* 

 336 
* p < .05 337 

** p < .01 338 

Note. Sex was used as independent variable (females = 0, males = 1). aWhen predicIng performance on Gaze-Eyes, we controlled for 339 

performance on Gaze-Lines (but not vice versa). Lines in bold represent a significant sex difference (favoring females).340 
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Fig 2. Violin Plots Showing Performance on Social CogniFon Tasks by Sex 341 

Note: 0 = female, 1 = male; red bars represent group mean on each task. a) Y-axis represents 342 
parIcipants’ psychophysical width for the task, controlling for the Gaze-Lines condiIon (residualized 343 
variable), y-axis is flipped to represent how lower values indicate greater precision; b) Y-axis represents 344 
parIcipants’ psychophysical width for the task, without controlling for other variables (non-residualized 345 
variable), y-axis is flipped to represent how lower values indicate greater precision. 346 
 347 
Sex Differences Over-and-Above Psychopathology 348 

 PCA provided a useful method of parsimoniously integraIng disInct but overlapping 349 

psychopathology constructs. ExaminaIon of scree plots from parallel analysis indicated there are three 350 

components in the seven measures of dimensional psychopathology. These three components 351 

accounted for 83% of the total variance in a PCA (S7 Table). The first component had the strongest 352 

loadings from the SPIN, SADD, and AQ. Conceptually, the self-report of internal experiences regarding 353 

social situaIons appears to be the shared feature characterizing this component. Namely, the SPIN and 354 

SADD measure self-reported affecIve (i.e., anxious) reacIons to social situaIons. The AQ measures a 355 

variety of auIsm features, but focuses on internal experiences such as social preferences and reacIons 356 

shared with social anxiety. Thus, we conceptualized this component as represenIng self-reported 357 

affecIve experiences in social situaIons and now label it as “Social Affect.” The second component had 358 

the strongest loadings from the CAPS and PDI. Given these measures’ examinaIon of posiIve symptoms 359 

characterisIc of psychosis-spectrum disorders, we now label this component as “Psychosis-Proneness.” 360 

The third component was labeled as “Low Social Reciprocity” given its strongest loadings came from the 361 

SANS and ADOS.  362 

SeparaIon of the two auIsm measures (AQ and ADOS) between Social Affect and Low Social 363 

Reciprocity may reflect measurement similariIes with other indicator variables (i.e., quesIonnaire 364 

versus clinician raIngs). Furthermore, the composite variable for the ADOS, which was calculated using 365 

the recommended revised algorithm (Hus & Lord, 2014), emphasizes social communicaIve skills over 366 

other features of auIsm. These experiences can be phenotypically similar to negaIve symptoms of 367 
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psychosis, which include indicators of diminished social communicaIon. Thus, this data-driven approach 368 

of reducing psychopathology dimensions appears appropriate for parsimoniously accounIng for the 369 

shared and disInct features across socially relevant psychopathology (e.g., in contrast to accounIng for 370 

group status, which may obscure experiences that cut across disorders). Notably, there were significant 371 

sex differences in the psychopathology factors (S8 Table), with females scoring higher on Social Affect 372 

and males more strongly exhibiIng Low Social Reciprocity. There were no sex differences in Psychosis 373 

Proneness in this sample.  374 

Results from adding these psychopathology components as covariates (S9 Table) in the 375 

regression analyses were mostly consistent with results when only age and IQ were included in the 376 

model. That is, females sIll exhibited beXer performance on RME (β = -.19; p=.019), Gaze-Eyes (β = .32; 377 

p=<.001), and Gaze-Deviated (β = .20; p=.014) tasks. Thus, sex differences exhibited in these tasks do not 378 

appear to be solely aXributable to assessed forms of psychopathology. However, sex no longer predicted 379 

TASIT performance (β = -.02; p=.278), suggesIng that psychopathology may play a role in sex differences 380 

in higher-level social cogniIve tasks.  381 

Discussion 382 

The goal of the present study was to examine whether there are sex differences in social 383 

cogniIon in individuals with varying levels of social funcIoning. Although females generally 384 

outperformed on social cogniIon tasks of varying complexity, females more consistently exhibited beXer 385 

performance on tasks in which social informaIon is communicated via the eyes. Specifically, females 386 

more accurately idenIfied internal states associated with eyes, and results favored females in the ability 387 

to precisely discern whether a pair of eyes is looking at them. These results appear consistent with 388 

findings that females aXend more to the eye region when processing faces (Hall et al., 2010), which may 389 

enhance social processing among females. Most significant sex differences held when controlling for 390 

potenIally confounding variables such as intellectual ability, age, and psychopathology.  391 
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First, females exhibited strengths in a relaIvely basic, perceptual-based social cogniIve task—392 

eye-gaze processing. Females completed the Gaze PercepIon Task’s forward-facing eyes condiIon both 393 

during neuroimaging (Gaze-Eyes; for which a visuospaIal control was also completed) as well as outside 394 

of the scanner (Gaze-Forward; for which no control was completed). InteresIngly, the scanner-based 395 

Gaze-Eyes task revealed a significant sex effect favoring females regardless of whether visuospaIal ability 396 

was controlled, whereas the behavioral Gaze-Forward task showed no significant sex effect despite a 397 

larger sample. This paXern may reflect contextual factors: the controlled scanner environment likely 398 

reduces extraneous variance (e.g., movement, distracIon), potenIally enhancing detecIon of subtle 399 

perceptual differences. AddiIonally, the inclusion of a visuospaIal control task in the scanner session 400 

may have oriented parIcipants toward fine-grained visual discriminaIon. Importantly, controlling for 401 

visuospaIal ability strengthened the sex effect in the Gaze-Eyes condiIon, suggesIng that females’ 402 

superior performance on eye-gaze processing is not simply aXributable to differences in basic visual 403 

processing. These findings highlight both the robustness of sex-related differences in gaze percepIon 404 

precision and the importance of measurement context in detecIng small effects. Furthermore, females 405 

exhibited greater perceptual precision than males on a more challenging condiIon of the Gaze 406 

PercepIon Task, in which the presented faces were deviated from the center of the screen. Thus, 407 

females were shown to exhibit strengths in a basic social-percepIon skill that supports more complex 408 

social cogniIon and communicaIon (Emery, 2000). 409 

One such form of complex social cogniIon that may be supported by gaze-percepIon precision 410 

is mental state aXribuIon, and results from the present study converged for two tasks varying in 411 

complexity. Specifically, we observed significant female superiority in performance on both the RME and 412 

TASIT. Whereas the RME uses staIc sImuli (images of the eye region of faces) to probe idenIficaIon of a 413 

mental state or emoIon, the TASIT uses dynamic sImuli (videos) and requires integraIng social 414 

informaIon exhibited across modaliIes (visual/movements, speech/tonal) over Ime to make social 415 
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inferences. Thus, females appear beXer able to discern mental states both from a pair of eyes when 416 

isolated from other social informaIon, and possibly also when integraIng a variety of social informaIon 417 

simultaneously.  418 

Our significant findings for the TASIT contrast with prior findings that the TASIT is not associated 419 

with sex differences (MarIn, Ceslis, & Robinson, 2022) as well as research suggesIng there are no sex 420 

differences on accuracy for social cogniIve tasks that use dynamic sImuli (e.g., Rahko et al., 2010). 421 

However, the sex effect in the current study was no longer significant once accounIng for 422 

psychopathology that is defined by social difficulIes, suggesIng that psychopathology may beXer 423 

explain sex differences in social inferencing. The challenge of compleIng a high-level task may thereby 424 

be beXer determined by the specific features of psychopathology rather than sex. Notably, the different 425 

social cogniIon tasks examined in this study vary in degrees of ecological validity, with the TASIT being 426 

the most representaIve of everyday social interacIons. Thus, males and females generally may perform 427 

comparably when a variety of social informaIon is present (as in most real-world social interacIons), 428 

which could reflect the ability to call upon mulIple sources of informaIon to compensate for deficits in 429 

specific social areas and thereby increase accuracy. Yet, accuracy for males may diminish when less 430 

informaIon is available, as observed on tasks that isolate processing of eyes presented in staIc images. 431 

The combinaIon of results that females outperform males on both eye-gaze perceptual precision and a 432 

mental state aXribuIon task involving the eyes could indicate that females are overall more sensiIve to 433 

subtle social cues, especially on tasks that aXend to the eyes.  Future research may benefit from isolaIng 434 

other types of social signals (e.g., body movement, speech) to determine whether other specific 435 

mechanisms contribute to sex differences in social cogniIon. 436 

Furthermore, inconsistent evidence of sex differences in social cogniIon in prior research may 437 

be related to differences in the focus or complexity of the social sImuli used across studies. Complex 438 

tasks that recruit mulIple cogniIve processes (e.g., memory, aXenIon, basic visual percepIon) offer 439 
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beXer ecological validity, as performing well socially in real life likely also involves these other cogniIve 440 

abiliIes. However, complex tasks may also mask the contribuIon of discrete social cogniIve skills, 441 

making it difficult to isolate which specific abiliIes drive performance. For example, the TASIT requires 442 

retrospecIve recall to answer quesIons following each video sImulus (e.g., “Is she trying to say she’s 443 

happy to help out with a salad?”). Thus, the difference in results on the TASIT once accounIng for 444 

psychopathology may be related to memory biases or deficits that occur in clinical populaIons that can 445 

affect performance, whereas performance on the RME and Gaze PercepIon Task require less 446 

recruitment of other cogniIve abiliIes due to the simultaneous presentaIon of sImulus and 447 

measurement of response. Future studies should directly evaluate whether sex differences in social 448 

cogniIon are moderated by the complexity or type of task sImuli.  449 

LimitaFons 450 

 Although our results align well with the literature examining sex differences in social cogniIon, 451 

our sample differs from those of previous research. Specifically, our sample contains more females than 452 

males (58.5% versus 41.5% of sample) and contains parIcipants selected based on varying levels of 453 

social dysfuncIon (thus represenIng a broad range of psychopathology). The reliability and 454 

interpretaIon (and therefore generalizability) of our results may be obscured by differences in precision 455 

of esImates in males versus females as well as the heterogeneity of psychiatric condiIons. However, 456 

psychopathology research (parIcularly psychosis and auIsm) has disproporIonately examined males 457 

and has typically restricted study inclusion to non-clinical controls and parIcipants with a specific 458 

diagnosis. Although inconsistencies between the literature and the results of the present study may be 459 

reflecIve of differences in sample characterisIcs, we emphasize that our sample characterisIcs are an 460 

advantage of the current study. Namely, prior studies with clinical samples may have offered less precise 461 

esImates of female performance. Furthermore, although social anxiety, psychosis-spectrum disorders, 462 

and auIsm represent disInct condiIons, transdiagnosIc examinaIons following recruitment based on 463 
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social dysfuncIon levels provides variability in performance and thus could enhance detecIon of sex 464 

differences if present. Examining sex differences in discrete diagnosIc categories or in alternate PCA 465 

configuraIons (e.g., using the ADOS and AQ alone to create an auIsm component) may be important to 466 

researchers or clinicians who are working with a specific paIent populaIon and wish to understand how 467 

social cogniIon differs by sex in that populaIon (e.g., for treatment modificaIon purposes).  468 

The present study specifically asked parIcipants to report their biological sex yet did not inquire 469 

about gender idenIty. It can be challenging to compare the present study to prior “sex difference” 470 

research given inconsistencies in operaIonalizaIon; that is, prior research examining sex differences has 471 

onen conflated sex and gender (NaIonal Academies of Sciences, Engineering, and Medicine, 2022). 472 

Future research could aXempt to separately measure sex and gender (either categorically or 473 

dimensionally), to elucidate any possible dissociable contribuIons to social cogniIon. Lastly, it is 474 

important to note that different developmental periods (adolescence and young adulthood) do play a 475 

role in sex differences in social cogniIon. For example, pubertal Iming has been related to maturaIon of 476 

social brain structures (Klapwijk et al., 2013). Although we controlled for the impact of age given the 477 

span of our sample across different developmental periods, we are unable to examine the trajectory of 478 

sex differences in social cogniIon across the lifespan. Future research may benefit from examining 479 

whether sex influences the development or deterioraIon of social cogniIve abiliIes at different points in 480 

development, including mid and late life (which were not captured in this study). Relatedly, the current 481 

sample spans a developmental window during which social cogniIve abiliIes are sIll maturing, which 482 

may influence the magnitude or direcIon of observed sex differences. 483 

 Note that we conceptualized accuracy (or perceptual precision) on tasks as our primary indicator 484 

of social cogniIve performance in the present study. However, this may be a limitaIon as there are other 485 

metrics indicaIve of social cogniIve ability, such as reacIon Ime and bias. For example, two parIcipants 486 

may respond accurately to a sImulus, yet one parIcipant may respond immediately whereas the second 487 
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parIcipant requires addiIonal Ime. An accuracy metric would indicate that these two parIcipants are 488 

equally adept at the task, but reacIon Ime would suggest more efficient social cogniIve processing in 489 

the former parIcipant. ComputaIonal models integraIng relevant performance metrics (e.g., Lasagna et 490 

al., 2024) would offer further insight into social cogniIve abiliIes between sexes. 491 

Future ImplicaFons and Conclusions 492 

Research has suggested there may be sex differences in social cogniIon, which play an important 493 

role in social funcIoning. Thus, examining sex differences in social cogniIon may provide a frui�ul area 494 

of study to beXer understand disease processes and facilitate treatment for disorders that are both 495 

characterized by social dysfuncIon and exhibit sex differences in prevalence and expression. For 496 

example, given the finding that females are consistently more accurate with limited social informaIon, 497 

females may benefit more from coaching that focuses on very specific social informaIon, whereas males 498 

may benefit from incorporaIon of a variety of social and broader cogniIve/perceptual informaIon in 499 

treatments targeIng social difficulIes. The present study adopted a transdiagnosIc approach to 500 

examining sex differences in social cogniIon by enriching the sample based on social dysfuncIon levels 501 

rather than diagnosIc status. Given the connecIon between social cogniIon and social funcIoning, 502 

these sampling procedures provide more informaIon for invesIgaIng sex differences in social cogniIon 503 

compared to recruiIng based on staIc, categorical, and straIfied diagnoses within our current 504 

diagnosIc system that rely on arbitrarily defined symptom counts. Yet, this invesIgaIon may also extend 505 

our understanding of specific disorders onen characterized by social cogniIve and funcIoning deficits, 506 

such as schizophrenia, auIsm, and social anxiety. All in all, our results provide support that, even when 507 

both males and females are selected for varying levels of social difficulIes, females exhibit beXer skills in 508 

some domains of social cogniIon. Nevertheless, future studies may benefit from inclusion of more 509 

severe clinical presentaIons and incorporaIon of more nuanced computaIonal models of social 510 

cogniIon.511 



Running Head: SEX DIFFERENCES SOCIAL COGNITION 23 

Acknowledgements 

This work was supported by the NaIonal InsItute of Mental Health (NIMH) (grant numbers 

5K23MH108823, R01MH122491, R01MH135117 [to IFT], and K23MH131967 [to AMM]) and the 

NaIonal Science FoundaIon Graduate Research Fellowship (grant number DGE-1841052 to [CAL]). This 

work was parIally supported by RC grant, Italian Ministry of Health. The funding sources had no 

involvement in the study design, analysis, or manuscript wriIng. The content is solely the responsibility 

of the authors and does not necessarily represent the official views of any funding agencies. 

  



Running Head: SEX DIFFERENCES SOCIAL COGNITION 24 

References 

Alvi T, Kumar D, Tabak BA. Social anxiety and behavioral assessments of social cogniIon: A systemaIc 

review. J Affect Disord. 2022;311:17-30. doi:10.1016/j.jad.2022.04.130 

Andreasen NC. Scale for the assessment of negaIve symptoms (SANS). Iowa City: University of Iowa; 

1981. 

Archer J. Sex differences in aggression in real-world sezngs: A meta-analyIc review. Rev Gen Psychol. 

2004;8(4):291-322. doi:10.1037/1089-2680.8.4.291 

Asher M, Asnaani A, Aderka IM. Gender differences in social anxiety disorder: A review. Clin Psychol Rev. 

2017;56:1-2. 

Baron-Cohen S. The essenIal difference: Men, women and the extreme male brain. London, UK: 

Penguin; 2003.   

Baron-Cohen S, Bowen DC, Holt RJ, Allison C, Auyeung B, Lombardo MV, Smith P, Lai MC. The “Reading 

the Mind in the Eyes” Test: Complete absence of typical sex difference in~ 400 men and women 

with auIsm. PloS One. 2015;10(8):e0136521. doi:10.1371/journal.pone.0136521 

Baron-Cohen S, Wheelwright S, Hill J, Raste Y, Plumb I. The “Reading the Mind in the Eyes” test revised 

version: A study with normal adults, and adults with Asperger syndrome or high-funcIoning 

auIsm. J Child Psychol Psychiatry. 2001a;42(2):241-51. doi:10.1111/1469-7610.00715 

Baron-Cohen S, Wheelwright S, Skinner R, MarIn J, Clubley E. The auIsm-spectrum quoIent (AQ): 

Evidence from asperger syndrome/high-funcIoning auIsm, males and females, scienIsts and 

mathemaIcians. J AuIsm Dev Disord. 2001b;31(1):5–17. doi:10.1023/a:1005653411471  

Bell V, Halligan PW, Ellis HD. The Cardiff Anomalous PercepIons Scale (CAPS): a new validated measure 

of anomalous perceptual experience. Schizophr Bull. 2006;32(2):366–77. 

doi:10.1093/schbul/sbj014  



Running Head: SEX DIFFERENCES SOCIAL COGNITION 25 

Campbell, R, Lawrence, K, Mandy, W, Mitra, C, Jeyakuma, L, & Skuse, D. Meanings in moIon and faces: 

developmental associaIons between the processing of intenIon from geometrical animaIons 

and gaze detecIon accuracy. Devel Psychopathol. 2006;18(1):99-118. 

doi:10.1017/S0954579406060068 

CluXerbuck RA, Callan MJ, Shah P. Socio-demographic and poliIcal predictors of Theory of Mind in 

adulthood. PLoS One. 2023;18(5):e0284960. doi:10.1371/journal.pone.0284960  

Connor KM, Davidson JR, Churchill LE, Sherwood A, Weisler RH, Foa E. Psychometric properIes of the 

Social Phobia Inventory (SPIN): New self-raIng scale. Br J Psychiatry. 2000;176(4):379–86. 

doi:10.1192/bjp.176.4.379  

CornblaX BA, Auther AM, Niendam T, Smith CW, Zinberg J, Bearden CE, et al. Preliminary findings for two 

new measures of social and role funcIoning in the prodromal phase of schizophrenia. Schizophr 

Bull. 2007;33(3):688–702. doi:10.1093/schbul/sbm029  

Danaher H, AlloX K, Killackey E, Hester R, CoXon S. An examinaIon of sex differences in neurocogniIon 

and social cogniIon in first-episode psychosis. Psychiatry Res. 2018;259:36–43. 

doi:10.1016/j.psychres.2017.09.053  

Di Tella M, MiI F, Ardito RB, Adenzato M. Social cogniIon and sex: Are men and women really different? 

Pers Individ Dif. 2020;162:110045. doi:10.1016/j.paid.2020.110045  

Emery NJ. The eyes have it: The neuroethology, funcIon and evoluIon of social gaze. Neurosci Biobehav 

Rev. 2000;24(6):581–604. doi:10.1016/s0149-7634(00)00025-7  

Fischer AH, Kret ME, Broekens J. Gender differences in emoIon percepIon and self-reported emoIonal 

intelligence: A test of the emoIon sensiIvity hypothesis. PLoS One. 2018;13(1):e0190712. 

doi:10.1371/journal.pone.0190712  

Hall JA, Matsumoto D. Gender differences in judgments of mulIple emoIons from facial expressions. 

EmoIon. 2004;4(2):201–6. doi:10.1037/1528-3542.4.2.201  



Running Head: SEX DIFFERENCES SOCIAL COGNITION 26 

Hall J, Philip RCM, Marwick K, Whalley HC, Romaniuk L, McIntosh AM, et al. Social cogniIon, the male 

brain and the auIsm spectrum. PLoS One. 2012;7(12):e49033. 

doi:10.1371/journal.pone.0049033  

Hall JK, HuXon SB, Morgan MJ. Sex differences in scanning faces: Does aXenIon to the eyes explain 

female superiority in facial expression recogniIon? Cogn Emot. 2010;24(4):629–37. 

doi:10.1080/02699930902906882  

Hirnstein M, Stuebs J, Moè A, Hausmann M. Sex/gender differences in verbal fluency and verbal-episodic 

memory: A meta-analysis. Perspect Psychol Sci. 2023;18(1):67–90. 

doi:10.1177/17456916221082116  

Huguet P, Régner I. Counter-stereotypic beliefs in math do not protect school girls from stereotype 

threat. J Exp Soc Psychol. 2009;45(4):1024–7. doi:10.1016/j.jesp.2009.04.029 

Hus V, Lord C. The auIsm diagnosIc observaIon schedule, module 4: revised algorithm and 

standardized severity scores. J AuIsm Dev Disord. 2014;44:1996–2012. doi:10.1007/s10803-014-

2080-3 

Kheloui S, Jacmin-Park S, Larocque O, Kerr P, Rossi M, CarIer L, et al. Sex/gender differences in cogniIve 

abiliIes. Neurosci Biobehav Rev. 2023;152:105333. doi:10.1016/j.neubiorev.2023.105333 

Klapwijk, ET, Goddings, AL, Heyes, SB, Bird, G, Viner, RM, Blakemore, S-J. Increased funcIonal 

connecIvity with puberty in the mentalising network involved in social emoIon processing. 

Horm Behav. 2013;64:314–322. doi: 10.1016/j.yhbeh.2013.03.012 

Kret ME, De Gelder B. A review on sex differences in processing emoIonal signals. Neuropsychologia. 

2012;50(7):1211–22. doi:10.1016/j.neuropsychologia.2011.12.022 

Labad J, GuIerrez-Zotes A, Creus M, Montalvo I, Cabezas A, Sole M, et al. Hypothalamic-pituitary-adrenal 

axis measures and cogniIve abiliIes in early psychosis: Are there sex differences? 

Psychoneuroendocrinology. 2016;72:54–62. doi:10.1016/j.psyneuen.2016.06.006 



Running Head: SEX DIFFERENCES SOCIAL COGNITION 27 

Lasagna CA, McLaughlin MM, Deng WY, WhiIng EL, Tso IF. DeconstrucIng eye contact percepIon: 

Measuring perceptual precision and self-referenIal tendency using an online psychophysical eye 

contact detecIon task. PLoS One. 2020;15(3):e0230258. doi:10.1371/journal.pone.0230258 

Lasagna CA, Tso IF, Blain SD, Pleskac TJ. CogniIve mechanisms of aberrant self-referenIal social 

percepIon in psychosis and bipolar disorder: Insights from computaIonal modeling. Schizophr 

Bull. 2024; sbae147. doi:10.1093/schbul/sbae147 

LeBeau RT, Glenn DE, Hanover LN, Beesdo-Baum K, WiXchen HU, Craske MG. A dimensional approach to 

measuring anxiety for DSM-5. Int J Methods Psychiatr Res. 2012;21(4):258–72. 

doi:10.1002/mpr.1369 

MarIn AK, Ceslis A, Robinson GA. Social inference from middle to older adulthood. Arch Clin 

Neuropsychol. 2022;37:1653–61. doi:10.1093/arclin/acac027 

MaXern H, Cola M, Tena KG, Knox A, Russell A, Pelella MR, et al. Sex differences in social and emoIonal 

insight in youth with and without auIsm. Mol AuIsm. 2023;14(1):10. doi:10.1186/s13229-023-

00541-w 

McClure EB. A meta-analyIc review of sex differences in facial expression processing and their 

development in infants, children, and adolescents. Psychol Bull. 2000;126(3):424–53. 

doi:10.1037/0033-2909.126.3.424 

McDonald S, Bornhofen C, Shum D, Long E, Saunders C, Neulinger K. Reliability and validity of The 

Awareness of Social Inference Test (TASIT): a clinical test of social percepIon. Disabil Rehabil. 

2006;28(24):1529–42. doi:10.1080/09638280600646185 

NaIonal Academies of Sciences, Engineering, and Medicine. Measuring sex, gender idenIty, and sexual 

orientaIon. Washington (DC): NaIonal Academies Press; 2022. doi:10.17226/26424 

Niv N, Cohen AN, Sullivan G, Young AS. The MIRECC version of the Global Assessment of FuncIoning 

scale: reliability and validity. Psychiatr Serv. 2007;58(4):529–35. doi:10.1176/ps.2007.58.4.529 



Running Head: SEX DIFFERENCES SOCIAL COGNITION 28 

Peters E, Joseph S, Day S, Garety P. Measuring delusional ideaIon: the 21-item Peters et al. Delusions 

Inventory (PDI). Schizophr Bull. 2004;30(4):1005–22. doi:10.1093/oxfordjournals.schbul.a007116 

Pinkham AE, Morrison KE, Penn DL, Harvey PD, Kelsven S, Ludwig K, et al. Comprehensive comparison of 

social cogniIve performance in auIsm spectrum disorder and schizophrenia. Psychol Med. 

2020;50(15):2557–65. doi:10.1017/s0033291719002708 

Pinkham AE, Kelsven S, Kouros C, Harvey PD, Penn DL. The effect of age, race, and sex on social cogniIve 

performance in individuals with schizophrenia. J Nerv Ment Dis. 2017;205(5):346–52. 

doi:10.1097/nmd.0000000000000654 

Proverbio AM. Sex differences in the social brain and in social cogniIon. J Neurosci Res. 

2023;101(5):730–8. doi:10.1002/jnr.24787 

Rahko J, Paakki JJ, Starck T, Nikkinen J, Remes J, HurIg T, et al. FuncIonal mapping of dynamic happy and 

fearful facial expression processing in adolescents. Brain Imaging Behav. 2010;4(2):164–76. 

doi:10.1007/s11682-010-9096-x 

RoXer NG, RoXer GS. Sex differences in the encoding and decoding of negaIve facial emoIons. J 

Nonverbal Behav. 1988;12(2):139–48. doi:10.1007/bf00986931 

SchüX HH, Harmeling S, Macke JH, Wichmann FA. Painfree and accurate Bayesian esImaIon of 

psychometric funcIons for (potenIally) overdispersed data. Vision Res. 2016;122:105–23. 

doi:10.1016/j.visres.2016.02.002 

Taylor SE, Klein LC, Lewis BP, Gruenewald TL, Gurung RA, Updegraff JA. Biobehavioral responses to stress 

in females: Tend-and-befriend, not fight-or-flight. Psychol Rev. 2002;107(3):411–29. 

doi:10.7551/mitpress/3077.003.0048 

Tso, I. F., Lasagna, C. A., Fitzgerald, K. D., Colombi, C., Sripada, C., PelIer, S. J., ... & Thakkar, K. N. (2020). 

Disrupted eye gaze percepIon as a biobehavioral marker of social dysfuncIon: An RDoC 

invesIgaIon. J Psychiatr Brain Sci., 5, e200021. 



Running Head: SEX DIFFERENCES SOCIAL COGNITION 29 

Udochi AL, Blain SD, Sassenberg TA, Burton PC, Medrano L, DeYoung CG. AcIvaIon of the default 

network during a theory of mind task predicts individual differences in agreeableness and social 

cogniIve ability. Cogn Affect Behav Neurosci. 2022;22(2):383–402. doi:10.3758/s13415-021-

00955-0 

Vaskinn A, Ueland T, Melle I, Sundet K. Sex differences in social cogniIon among individuals with 

schizophrenia and in healthy control parIcipants: A secondary analysis of published data. Arch 

Womens Ment Health. 2024;27(5):1–7. doi:10.1007/s00737-024-01422-8 

Voyer D, Voyer S, Bryden MP. Magnitude of sex differences in spaIal abiliIes: A meta-analysis and 

consideraIon of criIcal variables. Psychol Bull. 1995;117(2):250–70. doi:10.1037/0033-

2909.117.2.2



 

SupporFng InformaFon 

S1 Table. Demographic CharacterisFcs. Note. aDiagnosIc assessment not completed; SAD = Social 

Anxiety Disorder; ASD = AuIsm Spectrum Disorder; PSD = PsychoIc Spectrum Disorder; Percentages are 

calculated as the proporIon of the respecIve sample reported. 

S2 Table. DescripFve StaFsFcs by Sex. Note. Sex was coded as female = 0, male = 1; FSIQ2 = Full Scale 

Intelligence QuoIent (Verbal and Matrix Reasoning from the Wechsler Abbreviated Scale of Intelligence, 

McCrimmon & Smith, 2013*; possible range: 45-160); SES = Socioeconomic Status (Self-Report based on 

the following guidelines – 1: Family of wealth, educaIon, top-rank social presIge; 2: Professional or high 

level managerial posiIon; adults hold college or advanced degrees; 3: Small businessperson, white collar 

and skilled workers, high school graduates; 4: Semi-skilled workers, laborers, educaIon below secondary 

level; 5: Unskilled and semi-skilled workers, elementary educaIon); AQ =AuIsm Spectrum QuoIent; 

ADOS = AuIsm DiagnosIc ObservaIon Schedule; SADD = Social Anxiety Disorder Dimensional Scale; 

SPIN = Social Phobia Inventory; CAPS = Cardiff Anomalous PercepIon Scale; SANS = Scale for the 

Assessment of NegaIve Symptoms; PDI = Peters Delusion Inventory; WSAS = Work and Social 

Adjustment Scale; MIRECC = Mental Illness Research EducaIon and Clinical Center; GFS = Global 

FuncIoning Scales 

* McCrimmon AW, Smith AD. Review of the Wechsler abbreviated scale of intelligence, (WASI-II). 

S3 Text. Study Protocol. 

S4 Text. DescripFon of Psychopathology Measures. 

S5 Text. Gaze Task Psychometric Curve Fi_ng. 

S6 Table. Effects of Sex on Gaze PercepFon – Model without Covarying CondiFon. Note. Sex was used 

as independent variable (females = 0, males = 1). This model did not include the Lines condiIon as a 

covariate.  



 

S7 Table. Factor Loadings for the Principal Components Analysis of Dimensional Psychopathology 

Measures. 

S8 Table. Psychopathology Factors by Sex. 

* p < .05 

** p < .01 

S9 Table. Effects of Sex on Social CogniFon Over-and-Above Psychopathology. 

* p < .05 

** p < .01 

Note. Sex was used as independent variable (females = 0, males = 1). 1. When predicIng performance on 

Gaze-Eyes, we controlled for performance on Gaze-Lines (but not vice versa). All three psychopathology 

factors were entered simultaneously as covariates. Lines in bold represent a significant sex difference 

(favoring females). 

 


