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Abstract23

Background: Social impairment is a defining phenotypic feature of autism. The present study24

investigated whether individuals with autistic traits exhibit altered perceptions of social25

emotions.26

27

Methods: Two groups of participants (High-AQ and Low-AQ) were recruited based on their28

scores on the autism-spectrum quotient (AQ). Their behavioral responses and event-related29

potentials (ERP) elicited by social and nonsocial stimuli with positive, negative, and neutral30

emotional valence were compared in two experiments. In Experiment 1, participants were31

instructed to view social-emotional and nonsocial-emotional pictures. In Experiment 2,32

participants were instructed to listen to social-emotional and nonsocial-emotional audio33

recordings.34

35

Results: More negative emotional reactions and smaller amplitudes of late ERP components (the36

late positive potential in Experiment 1 and the late negative component in Experiment 2) were37

found in the High-AQ group than in the Low-AQ group in response to the social-negative stimuli.38

In addition, amplitudes of these late ERP components in both experiments elicited in response to39

social-negative stimuli were correlated with the AQ scores of the High-AQ group.40

41

Limitations: Although the influence of autistic traits on reactions to social or nonsocial emotional42

stimuli was assessed in an experimental setting, whether and how these reactions are related to43

real-world behavior requires further investigation. In addition, filler trials should be used to44
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evaluate whether participants focused sufficiently on the emotional stimuli.45

46

Conclusion: These results suggest that individuals with autistic traits have altered emotional47

processing of social-negative emotions.48

49

Keywords50

Autism; Autistic traits; Social emotion; Perception; Event-related potentials51

52

53

54

Introduction55

Autism spectrum disorder (ASD) is a neurodevelopmental disorder that affects 1 – 2% of children56

globally. ASD is commonly characterized by functional deficits in social behavior, difficulties in57

social communication, and restricted and repetitive interests (DSM-5) [1]. Such social impairment58

is a defining phenotypic feature of ASD [2, 3]. Previous studies of individuals with ASD have found59

diminished motivation to engage in social activities [4], deficits in reciprocal social60

communication [5], and deficits in the ability to understand the beliefs and intentions of others [6,61

7]. It has been suggested that the core social impairment of ASD may involve impaired social62

motivation [8, 9]. This “social motivational theory” of ASD has suggested that a lack of reward63

feelings from social stimuli (i.e. social motivation deficit or social anhedonia) can substantially64

lead individuals with ASD to demonstrate a generally reduced preference for, and orientation65

toward, social stimuli [7, 8, 10] with a subsequent loss of social learning opportunities [7].66
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67

The autism-spectrum quotient (AQ) [11] has been widely adopted as a way to evaluate autistic68

traits. It can be used to measure the core autism-related deficits in both ASD individuals and69

typically developing individuals. Individuals with ASD generally score at the extreme end of the70

AQ distribution in the general population [12]. Prior studies have found that quantifiable autistic71

traits are continuously distributed in typically developing individuals [13, 14] and that higher72

scores on the AQ questionnaire generally reflect a higher level of autistic traits [15]. Individuals73

with high AQ scores (i.e., individuals with autistic traits or High-AQ individuals) exhibit social74

impairments similar to those exhibited by individuals with ASD [16, 17]. Compared to individuals75

with low AQ scores (Low-AQ individuals), High-AQ individuals generally exhibit a reduced interest76

in social stimuli such as faces [18, 19], eye gaze [20], social voices [21, 22], and social scenes [19,77

23, 24]. These studies show that High-AQ individuals have a specific impairment in the processing78

of social stimuli.79

80

Although several studies have shown that the perception of social stimuli is altered in81

individuals with ASD or autistic traits [16, 17, 23, 25, 26] these studies only used neutral social82

stimuli. Mental processing in individuals with ASD [27] or autistic traits [28, 29] has been found to83

differ depending on the emotional valence of the stimulus, in that such individuals exhibit worse84

recognition of stimuli with negative rather than positive emotional valence. However, very little is85

known of the cognitive and neural mechanisms involved in the processing of social-emotional86

stimuli- a process that is fundamental to human communication [30]- in individuals with autistic87

traits.88
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89

Event-related potentials (ERPs) can be used to measure the neurophysiological mechanisms90

underlying the processing of emotional stimuli. For example, as early components of ERP in91

emotion processing, N1 in both the visual modality [31, 32] and the auditory modality [33] reflect92

early attention to emotional stimuli. Larger N1 amplitudes have been observed in response to93

emotional pictures [26, 34] and emotional audio recordings [33, 35] as compared to neutral94

stimuli. In addition, the late positive potential (LPP) in the visual modality and the late negative95

component (LNC) in the auditory modality are late components of ERP in emotion processing96

that are thought to be an indicator of the evaluation of emotional information [36, 37].97

98

The present study aimed to investigate whether individuals with autistic traits would exhibit99

atypical perception of social-emotional stimuli in both the visual and auditory modalities, as100

measured using ERPs. As suggested by the social motivational theory of ASD [6], we hypothesized101

that individuals with autistic traits would display a similar alteration of their processing of102

social-emotional stimuli. In addition, as individuals with autistic traits exhibit worse recognition of103

negative emotional stimuli [28, 38], the present study hypothesized that altered perception of104

social-emotional stimuli in such individuals would mainly be exhibited in regard to social-negative105

emotions.106

107

Experiment 1108

Materials and methods109

Participants110
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A total of 2,592 undergraduate students aged from 18 - 23 years (Mean = 22.88 years, SD = 1.27111

years) from the Chongqing Normal University were recruited to complete the Mandarin Version112

of the AQ questionnaire [11, 39] to estimate the magnitude of their autistic traits.113

114

Then, two subsets of participants, those exhibiting the top 10% and bottom 10% of AQ scores [38,115

40] from the total of 2,592 undergraduate students were randomly selected and divided into116

High-AQ (n=30) and Low-AQ (n=30) groups. The detailed demographic characteristics of the117

participants in the High-AQ and Low AQ groups are listed in Table 1. All participants had normal118

or corrected-to-normal vision and reported no history of neurological or psychiatric disorders.119

Written informed consent was provided by all participants prior to participation in the120

experiment in accordance with the Declaration of Helsinki, and the procedures of Experiment 1121

were approved by the Chongqing Normal University research ethics committee. The procedures122

were performed in accordance with ethical guidelines and regulations.123

124

Table 1 Demographic characteristics of the High-AQ and Low AQ groups in Experiment 1125

Notes: AQ = Autism Spectrum Quotient. Statistical results were obtained using independent126

sample t-tests between the High-AQ and Low-AQ groups.127

128

High-AQ Low-AQ Statistics

Gender (F/M) 15/15 15/15

Age (years) (M ± SD) 21.03 ± 1.88 20.70 ± 1.12 t(58) = 0.833; p = 0.408

AQ Scores (M ± SD) 26.48 ± 4.88 12.91 ± 1.97 t(58) = 14.027; p < 0.001
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Stimuli129

A total set of 144 digital pictures with negative, neutral, or positive emotional valence were130

selected from the International Affective Picture System (IAPS) [41] and the Chinese Affective131

Picture System (CAPS) [42]. These pictures also have either social or nonsocial dimensions. Social132

emotions rely on the presence of human forms interacting in cognitively complex ways involving133

language, meaning, and social intentionality to activate the emotion, whereas nonsocial134

emotions have nothing to do with social interaction and are not caused by other people [43, 44,135

45]. Based on previous research on the selection of social- and nonsocial- emotional stimuli [46,136

47], our study selected seventy-two social pictures depicting two people or parts of people137

interacting or engaging in a social relationship, and seventy-two nonsocial pictures containing no138

images of people. These pictures were further classified into six types: social-neutral,139

nonsocial-neutral, social-positive, nonsocial-positive, social-negative, and nonsocial-negative140

pictures (for examples see Fig. 1). The size of all selected pictures is 413 × 311 pixels, 10.5 cm ×141

7.9 cm.142

143

Forty-three undergraduate students (21 females) assessed emotional valence (1 = extremely144

negative, 5 = neutral, 9 = extremely positive) and arousal (1 = low arousal, 9 = high arousal)145

produced by the selected pictures using 9-point Likert scales. In addition, they were instructed to146

judge whether the picture depicted social content (1= social or 2 = nonsocial). The detailed147

descriptive statistics are summarized in the Supplementary Material (S. Table 1 & 2). According to148

the results of the assessment, social and nonsocial pictures were matched in emotional valence149

and arousal in each emotional picture.150
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151

INSERT Fig. 1 ABOUT HERE152

Fig. 1 Examples of pictures used in Experiment 1. Examples of nonsocial (top panel) and social153

(bottom panel) pictures with positive (left column), neutral (middle column), and negative (right154

column) emotional valence. Pictures were selected from the International Affective Picture155

System (IAPS) [41] and the Chinese Affective Picture System (CAPS) [42].156

157

158

Experimental procedure159

Participants were seated in a quiet room at a comfortable temperature. As in previous studies [48,160

49], an implicit processing (passive viewing) paradigm was employed. As shown in Fig. 2 (left161

column), at the start of a trial, a fixation cross was presented for a duration of 500 ms. After162

800–1500 ms, a picture was presented for 1000 ms, and participants were asked to view the163

picture passively with attention. The order of the pictures’ presentation was randomized. The164

experimental procedure was programmed using the E-Prime 3.0 software (Psychology Software165

Tools, Pennsylvania, USA). Electroencephalography (EEG) data were recorded simultaneously. The166

entire experimental procedure consisted of three blocks, each containing 140 trials and with an167

inter-trial interval of 500 ms.168

169

After the EEG recording session, the participants were instructed to respond as accurately and170

quickly as possible by pressing a specific key (“1”, “2”, or “3”) to judge the emotional valence171

(positive, neutral, or negative) of the picture. Key-pressing was counterbalanced across172
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participants to control for order effects. After judging the emotional valence, participants were173

instructed to rate their subjective emotional reactions (1 = very unhappy, 5 = neutral, 9 = very174

happy) to each picture, based on a 9-point Likert scale.175

176

INSERT Fig. 2 ABOUT HERE177

Fig. 2 Flowchart describing the experimental design. Left column: Procedure of Experiment 1, in178

which participants were instructed to passively view the pictures. Right column: Procedure of179

Experiment 2, in which participants were instructed to passively listen to the audio recordings.180

181

EEG recording182

EEG data were recorded from 64 scalp sites, using tin electrodes mounted on an actiCHamp183

system (Brain Vision LLC, Morrisville, NC, US; pass band: 0.01–100 Hz; sampling rate: 1000 Hz).184

The electrode at the right mastoid was used as a recording reference, and that on the medial185

frontal aspect was used as the ground electrode. All electrode impedances remained below 5 kΩ.186

187

EEG data analysis188

EEG data were pre-processed and analyzed via MATLAB R2014a (MathWorks, USA) and the189

EEGLAB v13.6.5b toolbox [50]. Continuous EEG signals were band-passed filtered at 0.01 – 40 Hz.190

Time windows of 200 ms before and 800 ms after the onset of stimuli were extracted from the191

continuous EEG, and the extracted window was baseline-corrected by the 200  ms time interval192

prior to stimulus onset. The EEG epochs were visually inspected and bad trials containing193
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significant noise from gross movements were removed. Electro-oculogram (EOG) artifacts were194

corrected via an independent component analysis (ICA) algorithm [51]. These excluded bad trials195

constituted 7% ± 6.7% of the total number of trials.196

197

After confirming scalp topographies in both the single-participant and group-level ERP waveforms,198

as well as previous studies [52, 53], the dominant ERP components involved in Experiment 1199

were identified, including early ERP components (N1, P2, and N2) and late ERP components (P3200

and LPP). Amplitudes of N1 and N2 components were measured at the frontal-central electrodes201

(F1, Fz, F2, FC1, FCz, and FC2) and calculated as average ERP amplitudes within N1 latency202

intervals of 80 - 120 ms and N2 latency intervals of 210 - 250 ms. Amplitudes of P2, P3, and LPP203

components were measured at the occipital electrodes (P1, Pz, P2, PO3, POz, and PO4) and204

calculated as the average ERP amplitudes within P2 latency intervals of 200 - 240 ms, P3 latency205

intervals of 310 - 350 ms, and LPP latency intervals of 400 - 700 ms.206

207

Statistical analysis208

Sample sizes of Experiment 1 were calculated using Gpower 3 v3.1.9.2209

(http://www.ats.ucla.edu/stat/gpower/); using a repeated measures analysis of variance210

within-between (F test), with a desired power of 99%, at a 1% significance level, and an effect size211

of 0.29 (calculated from the interactive effect of results).212

213

Amplitudes of dominant ERP components (N1, P2, N2, P3, and LPP) and behavioral data214

(Accuracies (ACCs), reaction times (RTs), and subjective emotional reactions) in Experiment 1215
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were compared using a three-way mixed-design ANOVA, with within-participant factors of216

“emotion” (positive, neutral, negative) and “sociality” (social, nonsocial), as well as the217

between-participants factor of “group” (High-AQ, Low-AQ). The Mauchly test was used in218

repeated measures ANOVA to test sphericity. The degrees of freedom for F-ratios were corrected219

according to the Greenhouse–Geisser method [54]. If the interactions between the three factors220

were significant, simple effect analysis between groups was performed for each condition and221

reported in the results. Other detailed interaction effects are presented in the Supplementary222

Material (S. Results, Experiment 1).223

224

In addition, to investigate the relationship between neural responses and autistic traits, a Pearson225

Correlation was calculated between participants’ AQ scores and ERP amplitudes (N1, P2, N2, P3,226

and LPP) in Experiment 1.227

228

Results229

Behavioral data230

ACCs, RTs, and emotional reactions for each condition in Experiment 1 are summarized in Fig. 3.231

RTs were modulated by the main effects of “emotion” (F2,57 = 80.86, p < 0.001, ηp2 = 0.58) and232

“sociality” (F1,58 = 114.66, p < 0.001, ηp2 = 0.66). Participants displayed longer RTs toward the233

neutral pictures (1127.05 ± 28.11 ms) than toward the positive (942.80 ± 22.11 ms, p < 0.001)234

and negative (929.48 ± 21.83 ms, p < 0.001) pictures. No significant difference in RTs was235

identified between the positive and negative pictures (p = 0.282). In addition, participants236
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displayed longer RTs toward the social pictures (1035.67 ± 22.79 ms) than toward the nonsocial237

pictures (963.89 ± 21.71 ms).238

239

ACCs were modulated by the main effect of “emotion” (F2,57 = 45.14, p < 0.001, ηp2 = 0.44) and240

“sociality” (F1,58 = 8.01, p = 0.006, ηp2 = 0.12). Participants exhibited higher accuracy toward the241

negative pictures (91.5% ± 1.0%) than the positive (81.0% ± 1.9%, p < 0.001) and neutral (68.7% ±242

2.0%, p < 0.001) pictures, and exhibited higher accuracy toward the positive pictures than the243

neutral pictures (p < 0.001). In addition, participants exhibited higher accuracy toward the social244

pictures (82.0% ± 1.0%) than the nonsocial pictures (78.80% ± 1.1%).245

246

Emotional reactions were modulated by the main effect of “emotion” (F2,57 = 241.53, p < 0.001,247

ηp2 = 0.81). Post hoc comparisons showed that participants felt more negative toward the248

negative pictures (2.91 ± 0.09) as compared to the positive (6.29 ± 0.15, p < 0.001) and neutral249

(4.39 ± 0.07, p < 0.001) pictures, and felt more negative toward the neutral pictures as compared250

to the positively valenced pictures (p < 0.001). Importantly, the participants’ emotional reactions251

were modulated by the interaction of “emotion” × “sociality” × “group” (F2,57 = 4.24, p = 0.020, ηp2252

= 0.07). Simple effects analysis indicated that participants’ emotional reactions to social-negative253

pictures were more negative for the High-AQ group than for the Low-AQ group (High-AQ group:254

2.49 ± 0.78, Low-AQ group: 3.55 ± 0.74; F2,57 = 29.21, p < 0.001, ηp2 = 0.34). However, emotional255

reactions were not different between groups in other conditions (p > 0.05 for all comparisons).256

257

258
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INSERT Fig. 3 ABOUT HERE259

Fig. 3 Behavioral results from Experiment 1. Bar charts show responses of High-AQ (blue) and260

Low-AQ (red) groups to positive (left column), neutral (middle column), and negative (right261

column) pictures with social (solid bar) or nonsocial (dotted bar) dimensions. Data of RTs, ACCs,262

and emotional reactions are shown in the top, middle, and bottom panels. Data in the bar charts263

are expressed as Mean ± SEM. ns: p > 0.05, ***p < 0.001.264

265

266

ERPs data267

Amplitudes of dominant ERP components in Experiment 1 were compared by a three-way268

mixed-design analysis of variance (ANOVA). The relevant results are shown in Fig. 4 and Table 2.269

270

271

INSERT Fig. 4 ABOUT HERE272

Fig. 4 ERP waveforms, scalp topography distributions, and bar charts for Experiment 1. ERP273

waveforms exhibited by the High-AQ (blue) and Low-AQ (red) groups in response to positively274

(left column), neutral (middle column), and negatively (right column) valenced pictures with275

social (solid) or nonsocial (dotted) dimensions. Electrodes used to estimate the ERP amplitudes276

were marked using the black squares on their respective topographic distributions. Data in the277

bar charts were expressed as Mean ± SEM. ns: p > 0.05; *p < 0.05.278



14

279

N1 N1 amplitudes were significantly modulated by the main effect of “emotion” (F2,57 = 14.24, p280

< 0.001, ηp2 = 0.20). Negative pictures (−2.91 ± 0.35 μV) elicited larger N1 amplitudes than did281

positive (−2.01 ± 0.34 μV, p < 0.001) and neutral (−2.25 ± 0.35 μV, p < 0.001) pictures. However,282

no significant difference was observed in N1 amplitudes elicited by the positive and neutral283

pictures (p = 0.190).284

285

P2 P2 amplitudes were significantly modulated by the main effect of “sociality” (F1,58 = 5.09, p =286

0.028, ηp2 = 0.08). nonsocial pictures (7.32 ± 0.63 μV) elicited larger P2 amplitudes than social287

pictures (6.87 ± 0.64 μV).288

289

N2 N2 amplitudes were significantly modulated by the main effects of “sociality” (F1,58 = 12.22,290

p = 0.001, ηp2 = 0.17) and “emotion” (F2,57 = 26.06, p < 0.001, ηp2 = 0.31). Social pictures (−9.77 ±291

0.71 μV) elicited larger N2 amplitudes than nonsocial pictures (−8.78 ± 0.63 μV). Negative292

pictures (− 9.98 ± 0.65 μV) elicited larger N2 amplitudes than positive (−8.40 ± 0.67 μV, p < 0.001)293

and neutral pictures (−9.45 ± 0.70 μV, p = 0.011). In addition, neutral pictures elicited larger N2294

amplitudes than positive pictures (p < 0.001).295

296

P3 P3 amplitudes were significantly modulated by the main effects of “sociality” (F1,58 = 6.49, p297

= 0.014, ηp2 =0.10) and “emotion” (F2,57 = 4.86, p = 0.011, ηp2 = 0.08). Social pictures (7.91 ± 0.66298

μV) elicited larger P3 amplitudes than nonsocial pictures (7.27 ± 0.64 μV). Positive pictures (8.07299

± 0.58 μV) elicited larger P3 amplitudes than negative (7.40 ± 0.68 μV, p = 0.011) and neutral300
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(7.29 ± 0.69 μV, p = 0.013) pictures. However, no significant difference was observed in P3301

amplitudes elicited by the negative and neutral pictures (p = 0.654).302

303

LPP LPP amplitudes were significantly modulated by the main effects of “sociality” (F1,58 = 4.34,304

p = 0.042, ηp2 =0.07) and “emotion” (F2,57 = 12.22, p = 0.001, ηp2 = 0.17). Social pictures (6.77 ±305

0.72 μV) elicited larger LPP amplitudes than nonsocial pictures (6.18 ± 0.69 μV). Positive pictures306

(7.51 ± 0.59 μV) elicited larger LPP amplitudes than negative (6.33 ± 0.76 μV, p = 0.003) and307

neutral (5.69 ± 0.78 μV, p < 0.001) pictures. However, no significant difference was observed in308

LPP amplitudes elicited by the negative and neutral pictures (p = 0.064).309

310

Importantly, LPP amplitudes were modulated by the interaction of “emotion” × “sociality” ×311

“group” (F2,57 = 3.15, p = 0.047, ηp2 = 0.05). As shown in Fig. 4, simple effects analysis indicated312

that, for social-negative pictures, LPP amplitudes were smaller in the High-AQ group than in the313

Low-AQ group (High-AQ group: 4.66 ± 1.07 μV, Low-AQ group: 7.98 ± 1.06 μV; F2,57 = 4.83, p =314

0.032, ηp2 = 0.08). However, no significant difference was observed between groups in other315

conditions (p > 0.05 for all comparisons).316



16

Table 2 Summary of statistical analyses of ERP amplitudes in Experiment 1317

N1 P2 N2 P3 LPP

F p ηp2 F p ηp2 F p ηp2 F p ηp2 F p ηp2

Sociality 0.89 0.35 0.02 5.09 0.028 0.08 12.22 0.001 0.17 6.49 0.014 0.10 4.34 0.042 0.07

Emotion 14.24 < 0.001 0.20 1.24 0.293 0.02 26.05 < 0.001 0.31 4.86 0.011 0.08 11.41 < 0.001 0.16

Group 0.87 0.354 0.02 0.55 0.463 0.01 0.61 0.439 0.01 0.43 0.513 0.01 1.44 0.235 0.02

Sociality × Emotion 3.05 0.054 0.05 1.22 0.299 0.02 0.81 0.452 0.03 4.31 0.018 0.07 6.34 0.003 0.10

Sociality × Group 1.78 0.187 0.03 2.09 0.154 0.04 0.003 0.957 < 0.01 0.04 0.949 < 0.01 0.17 0.685 < 0.01

Emotion × Group 1.22 0.298 0.02 1.32 0.271 0.02 1.10 0.335 0.02 1.26 0.288 0.02 2.35 0.103 0.04

Sociality × Emotion
× Group

1.23 0.295 0.02 3.96 0.023 0.06 3.07 0.058 0.05 3.89 0.026 0.06 3.15 0.047 0.05

Notes: Results were obtained using a three-way mixed-design ANOVA with within-participant factors of “emotion” (positive, neutral, negative) and “sociality”318

(social, nonsocial), as well as the between-participants factor of “group” (High-AQ, Low-AQ). Significant (p < 0.05) comparisons are indicated in boldface.319
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Correlation between ERP data and AQ scores320

For social-negative pictures, the LPP amplitudes were negatively correlated with the AQ scores of321

the High-AQ group (r = -0.41, p = 0.025), but not correlated with the AQ scores of the Low-AQ322

group (r = 0.13, p = 0.506). No other reliable correlation was found between AQ scores and ERP323

amplitudes in other conditions (p > 0.05 for all correlations). The correlation results are displayed324

in Fig. 5 (top panel).325

326

327

INSERT Fig. 5 ABOUT HERE328

Fig. 5 Relationship between AQ scores and ERP amplitudes. The correlation between the LPP329

amplitudes in response to social-negative pictures in Experiment 1 and AQ scores of the High-AQ330

(blue dots) and Low-AQ (red dots) groups are shown in the top panel. The correlation between331

the LNC amplitudes in response to social-negative audio recordings and AQ scores of the High-AQ332

(blue dots) and Low-AQ (red dots) groups in Experiment 2 are shown in the bottom panel. Data in333

the Fig. 5 were calculated using the Pearson correlation coefficient.334

335

336

Experiment 2337

Materials and methods338

Participants339
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A total of 2,083 undergraduate students aged from 18 - 23 years (Mean = 21.18 years, SD = 1.68340

years) from the Chongqing Normal University (who did not participate in Experiment 1) were341

recruited to complete the Mandarin Version of the AQ questionnaire [11, 39].342

343

Then, a subset of participants (those exhibiting the top 10% and bottom 10% of AQ scores) [38,344

40] were randomly selected and divided into High-AQ (n=33) and Low-AQ (n=32) groups. The345

detailed demographic characteristics of the High-AQ and Low-AQ groups are listed in Table 3. All346

the participants had normal hearing and no history of neurological or psychiatric disorders.347

Informed consent was given by all participants before the formal experiment in accordance with348

the Declaration of Helsinki, and all procedures were approved by the Chongqing Normal349

University research ethics committee. The procedures were performed in accordance with ethical350

guidelines and regulations.351

352

353

Table 3 Demographic characteristics of the High-AQ and Low AQ groups in Experiment 2354

Notes: AQ = Autism Spectrum Quotient. Statistical results were obtained using independent355

sample t-tests between the High-AQ and Low-AQ groups.356

357

High-AQ Low-AQ Statistics

Gender (F/M) 16/17 16/16

Age (years) (M ± SD) 21.36 ± 1.78 21.00 ± 1.59 t(63) = 0.868; p = 0.389

AQ Scores (M ± SD) 29.72 ± 2.34 11.65 ± 2.22 t(63) = 31.551; p < 0.001
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Stimuli358

A total of 60 negative, neutral, and positive audio recordings were selected from the Montreal359

Affective Voices database [55] and the Chinese Affective Voices database [56]. These audio360

recordings have either social or nonsocial dimensions. Based on previous research on the361

selection of social- and nonsocial-emotional stimuli [46, 47], our study selected 30 social audio362

recordings depicting a male or female human voice voicing the vowels, such as /a/; and 30363

nonsocial audio recordings depicting non-human sounds, such as audio recordings of musical364

instruments, tools, and animals. These audio recordings were then further classified into six types:365

social-neutral, nonsocial-neutral, social-positive, nonsocial-positive, social-negative, and366

nonsocial-negative. These categories are consistent with the types of stimuli in Experiment 1.367

368

All audio recordings were edited to last 1000 ms, with a mean intensity of 70 dB [57]. All audio369

recordings were evaluated by 40 undergraduate students (20 females). They were asked to370

evaluate emotional valence (1 = extremely negative, 5 = neutral, 9 = extremely positive) and371

arousal (1 = not at all aroused, 9 = extremely aroused) produced by the audio recordings by using372

9-point Likert scales. They were also instructed to judge whether the audio recordings involved373

social content (1= social or 2 = nonsocial). The detailed descriptive statistics are summarized in374

the Supplementary Material (S. Table 3 & 4). According to the results of the assessment, social375

and nonsocial audio recordings were matched in emotional valence and arousal.376

377

Experimental procedure378

Participants were seated in a quiet room at a comfortable temperature. As in previous studies [48,379
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49], an implicit processing (passive listening) paradigm was employed and participants were380

asked to attentively listen to the audio recordings (Fig. 2, right column). Each audio recording381

lasted for 1000 ms with an inter-stimulus interval (ISI) of 1.5 – 2.5 s, and the order of audio382

recordings was randomized. The experimental procedure was programmed using the E-Prime 3.0383

software (Psychology Software Tools, Pennsylvania, USA). EEG data were recorded simultaneously.384

The whole experimental procedure consisted of two blocks, each containing 210 audio385

recordings.386

387

After each EEG recording session, the participants were instructed to respond as accurately and388

quickly as possible by pressing a specific key (either “1”, “2”, or “3”) to judge the emotional389

valence of the audio recording (positive, neutral, or negative). Key-pressing was counterbalanced390

across participants to control for order effects. After judging the emotional valence, participants391

were instructed to rate their subjective emotional reactions (1 = very unhappy, 5 = neutral, 9 =392

very happy) to each audio recording, based on a 9-point Likert scale.393

394

EEG recording395

Same as Experiment 1.396

397

EEG data analysis398

The EEG data pre-processing procedure of Experiment 2 is the same as that used in Experiment 1.399

These excluded bad trials constituted 5% ± 2.1% of the total number of trials.400
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401

After confirming scalp topographies in both single-participant and group-level ERP waveforms,402

and based on previous studies [34, 38], the dominant ERP components involved in Experiment 2403

were identified, including early ERP components (N1 and P2) and LNC. N1 and P2 were identified404

as the most negative and positive deflections, respectively, at 100 – 300 ms after the audio405

recording’s onset with maximum distribution at the frontal-central electrodes. The LNC406

distributed in the frontal-central electrodes was a long-lasting negative wave within latency407

intervals of 300 - 700 ms after the audio recording’s onset. Amplitudes of N1 and P2 were both408

measured at the frontal-central electrodes (Fz, F1, F2, FCz, FC1, FC2, Cz, C1, and C2) and409

calculated as the average ERP amplitudes within N1 latency intervals of 100 - 120 ms and P2410

latency intervals of 190 - 210 ms. Amplitudes of LNC were measured at the prefrontal electrodes411

(Fz, F1, F2, FCz, FC1, and FC2) and calculated as the average ERP amplitudes within latency412

intervals of 300 - 700 ms.413

414

Statistical analysis415

Sample sizes of Experiment 2 were calculated using Gpower 3 v3.1.9.2416

(http://www.ats.ucla.edu/stat/gpower/); using a repeated measures analysis of variance417

within-between (F test), with a desired power of 99%, at a 1% significance level, and an effect size418

of 0.25 (calculated from the interactive effect of results).419

420

In Experiment 2, amplitudes of dominant ERP components (N1, P2, and LNC) and behavioral data421

(ACCs, RTs, and subjective emotional reactions) were compared using three-way mixed-design422
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ANOVA, with within-participant factors of “emotion” (positive, neutral, negative) and “sociality”423

(social, nonsocial), as well as the between-participants factor of “group” (High-AQ, Low-AQ). If424

the interactions between the three factors were significant, simple effect analysis was performed425

between groups for each condition and reported in the results. Other detailed interaction effects426

are presented in the Supplementary Material (S. Results, Experiment 2).427

428

In addition, to investigate the relationship between the neural responses and autistic traits, a429

Pearson Correlation was calculated between participants’ AQ scores and the amplitudes of the430

ERP components (N1, P2, and LNC) in Experiment 2.431

432

Results433

Behavioral data434

As shown in Fig. 6, RTs were modulated by the main effect of “sociality” (F1,63 = 11.27, p = 0.001,435

ηp2 = 0.15) with participants displaying longer RTs toward the social audio recordings (633.15 ±436

12.66 ms) than toward the nonsocial audio recordings (606.71 ± 9.67 ms).437

438

ACCs were modulated by the main effect of “emotion” (F2,62 = 3.19, p = 0.046, ηp2 = 0.48). Post439

hoc comparisons showed participants displayed higher ACCs toward the positive audio recordings440

(87.9% ± 1.0%) than toward the negative audio recordings (81.0% ± 1.9%, p = 0.047).441

442

Emotional reactions were modulated by the main effect of “sociality” (F1,63 = 5.62, p = 0.021, ηp2 =443

0.08) and “emotion” (F2,62 = 543.77, p < 0.001, ηp2 = 0.89). Participants felt more negative toward444



23

the social audio recordings (5.05 ± 0.05) than toward the nonsocial audio recordings (4.89 ± 0.08).445

Participants felt more negative toward the negative audio recordings (3.10 ± 0.08) than toward446

the positive (7.03 ± 0.12, p < 0.001) and neutral (4.77 ± 0.05, p < 0.001) audio recordings, and felt447

more negative toward the neutral audio recordings than toward the positive audio recordings (p448

< 0.001). Importantly, emotional reactions were modulated by the interaction of “emotion” ×449

“sociality” × “group” (F2,62 = 8.21, p = 0.001, ηp2 = 0.12). Simple effects analysis indicated that for450

social-negative audio recordings, the High-AQ group felt more negative than the Low-AQ group451

(High-AQ: 3.14 ± 0.14, Low-AQ: 3.81 ± 0.13; F2,62 = 12.57, p = 0.001, ηp2 = 0.17). However, there452

was no group difference observed in the other conditions (p > 0.05 for all comparisons), as shown453

in Fig. 6.454

455

456

INSERT Fig. 6 ABOUT HERE457

Fig. 6 Behavioral results from Experiment 2. Bar charts show responses of the High-AQ (blue) and458

Low-AQ (red) groups to positive (left column), neutral (middle column), and negative (right459

column) audio recordings with social (solid bar) or nonsocial (dotted bar) dimensions. Data of RTs,460

ACCs, and emotional reactions are shown in the top, middle, and bottom panels. Data in the bar461

charts are expressed as Mean ± SEM. ns: p > 0.05, **p < 0.01.462

463

464

ERP data465
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Amplitudes of dominant ERP components in Experiment 2 were compared by a three-way466

mixed-design ANOVA. The relevant results are shown in Fig. 7 and Table 4.467

468

469

INSERT Fig. 7 ABOUT HERE470

Fig. 7 ERP waveforms, scalp topography distributions, and bar charts in Experiment 2. ERP471

waveforms were exhibited by the High-AQ (blue) and Low-AQ (red) groups passively listening to472

positively (left column), neutral (middle column), and negatively (right column) valenced audio473

recordings with social (solid) or nonsocial (dotted) dimensions. Electrodes used to estimate the474

mean ERP amplitudes were marked using the black squares on their respective topographic475

distributions. Data in the bar charts were expressed as Mean ± SEM. ns: p > 0.05; *p < 0.05.476

477

478

N1 The N1 amplitudes were modulated by the main effects of “sociality” (F1,63 = 37.21, p <479

0.001, ηp2 = 0.37) and “group” (F1,63 =7.92, p = 0.007, ηp2 = 0.11). Social audio recordings elicited480

larger N1 amplitudes than nonsocial audio recordings (social: −3.50 ± 0.25 μV, nonsocial: −2.57 ±481

0.22 μV). N1 amplitudes in the High-AQ group were smaller than in the Low-AQ group (High-AQ:482

−2.41 ± 0.31 μV, Low-AQ: −3.66 ± 0.32 μV).483

484

P2 The P2 amplitudes were modulated by the main effect of “sociality” (F1,63 = 29.95, p < 0.001,485

ηp2 = 0.32) with social audio recordings eliciting larger P2 amplitudes than nonsocial audio486

recordings (social: 4.22 ± 0.30 μV, nonsocial: 3.14 ± 0.27 μV).487
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488

LNC The LNC amplitudes were modulated by the main effect of “sociality” (F1,63 = 13.60, p <489

0.001, ηp2 = 0.18) with social audio recordings eliciting larger LNC amplitudes than nonsocial490

audio recordings (social: −2.92 ± 0.23 μV, nonsocial: −2.31 ± 0.18). Importantly, the LNC491

amplitudes were significantly modulated by the interaction effect of “emotion” × “sociality” ×492

“group” (F2,62 = 3.86, p = 0.025, ηp2 = 0.06). Simple effects analysis indicated that for493

social-negative audio recordings, LNC amplitudes in the High-AQ group were smaller than in the494

Low-AQ group (High-AQ group: −2.93 ± 0.34 μV, Low-AQ: −4.12 ± 0.35 μV; F2,62 = 5.77, p = 0.019,495

ηp2 = 0.08). However, there was no group difference observed in the other conditions (p > 0.05 for496

all comparisons).497

498

499

Table 4 Summary of statistical analyses of ERP amplitudes in Experiment 2500

Notes: Results were obtained using repeated-measures ANOVA with the within-participant501

N1 P2 LNC

F p ηp2 F p ηp2 F p ηp2

Sociality 37.21 < 0.001 0.37 29.95 < 0.001 0.32 13.60 < 0.001 0.18

Emotion 0.58 0.552 0.01 0.19 0.822 0.003 0.54 0.570 0.01

Group 7.92 0.007 0.11 0.21 0.650 0.003 0.93 0.340 0.01

Sociality × Emotion 108.13 < 0.001 0.63 22.11 < 0.001 0.26 31.41 < 0.001 0.33

Sociality × Group 1.44 0.235 0.02 0.46 0.501 0.01 0.87 0.355 0.01

Emotion × Group 0.42 0.646 0.01 0.33 0.711 0.01 1.71 0.188 0.03

Sociality × Emotion × Group 2.34 0.102 0.04 3.16 0.052 0.05 3.86 0.025 0.06
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factors of “emotion” (positive, neutral, negative) and “sociality” (social, nonsocial), as well as the502

between-participants factor of “group” (High-AQ, Low-AQ). Significant comparisons (p < 0.05) are503

indicated in boldface.504

505

Correlation between ERP data and AQ scores506

The LNC amplitudes elicited by social-negative audio recordings were positively correlated with507

the AQ scores of the High-AQ group (r = 0.36, p = 0.040) but not correlated for the Low-AQ group508

(r = 0.10, p = 0.600). However, no other reliable correlations between AQ scores and ERP509

amplitudes were found (p > 0.05), as seen in Fig. 5 (bottom panel).510

511

Discussion512

The present study attempted to investigate whether High-AQ individuals would exhibit altered513

perception of social-emotional stimuli. Results showed that the behavioral and neural responses514

to social-negative stimuli in both the visual and auditory modalities differed between groups.515

More negative emotional reactions and smaller late ERP components (LPP in Experiment 1 and516

LNC in Experiment 2) in response to both social-negative pictures and social-negative audio517

recordings were found in the High-AQ group as compared to the Low-AQ group. However, no518

significant group difference was found for other kinds of stimuli. Thus, the present study suggests519

that individuals with autistic traits may exhibit altered social perception in response to520

social-negative stimuli.521

522

Experiment 1523
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In agreement with previous studies [58], the results of Experiment 1 showed the N1 amplitudes524

elicited by the positive and negative pictures were larger than those elicited by the neutral525

pictures. Since the N1 component represents the early sensory and attention processing of visual526

information [32, 59, 60, 61], the present results suggest that early sensory and attention527

processing resources were activated by emotional pictures in Experiment 1. In addition, in528

agreement with previous studies showing that social stimuli elicited larger amplitudes relative to529

nonsocial stimuli in the N2 time window in the visual modality [62], the present study showed530

larger N2 amplitudes to be elicited by social pictures rather than nonsocial pictures. The N2531

amplitudes evoked by visual stimuli have been suggested to be an effective index of attention532

[63], with a higher level of attention to stimuli inducing a larger N2 amplitude in the visual533

modality [64]. Thus, our findings regarding N2 in Experiment 1 suggest that social pictures534

captured more attention than nonsocial pictures.535

536

Also in agreement with previous studies [36] LPP amplitudes in Experiment 1 were modulated by537

“emotion”, with positive pictures eliciting larger amplitudes relative to neutral pictures. As LPP538

over the posterior parietal cortical area is relevant to the conscious evaluation of emotional539

stimuli [65], and the LPP amplitudes are positively correlated to the valence of the emotional540

stimuli [66], it appears, based on the present study design, that the mental processing resources541

of emotional valence evaluation were recruited under passive viewing conditions, and that more542

mental resources were involved in the response to positive pictures than to neutral pictures.543

544

More importantly, LPP amplitudes were modulated by the interaction of “sociality”, “emotion”,545
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and "group". That is to say, for the social-negative pictures, LPP amplitudes in the High-AQ group546

were lower than those in the Low-AQ group, whereas no group difference was found for other547

kinds of pictures (i.e., social-neutral, nonsocial-neutral, social-positive, nonsocial-positive, and548

nonsocial-negative). In addition, LPP amplitudes in response to social-negative pictures were549

correlated with the AQ scores of the participants in the High-AQ group, such that the higher the550

AQ scores of the participants, the smaller the LPP amplitudes elicited in response to551

social-negative pictures. This suggests that the LPP amplitudes evoked by social-negative pictures552

were sensitive to the degree of autistic traits in the High-AQ group. Thus, these results suggest553

that for the High-AQ group, fewer mental processing resources for emotional valence evaluation554

were involved in the response to social-negative pictures. This supports our hypothesis that555

altered processing of social-negative stimuli in the visual modality can be found in individuals556

with autistic traits.557

558

Experiment 2559

In agreement with prior studies [67, 68], the N1 amplitudes elicited by the social audio560

recordings (human voices) in Experiment 2 were larger than those elicited by the nonsocial audio561

recordings (non-human sounds). Since the N1 component in the auditory modality is an index of562

early auditory processing [69], and focused auditory attention could result in larger N1563

amplitudes in response to audio recordings [33], our findings suggest that social audio recordings564

capture more attention than nonsocial audio recordings. In addition, our results showed that the565

N1 amplitudes were modulated by the main effect of “group”, in that the N1 amplitudes of the566

High-AQ group were smaller than those of the Low-AQ group, which in agreement with prior567
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studies of individuals with autistic traits [40] and ASD [7]. This suggests that the High-AQ group’s568

attention to audio recordings in the implicit processing (passive listening) paradigm was less than569

that of the Low-AQ group.570

571

In agreement with prior ERP studies [34, 70], the LNC amplitudes in Experiment 2 were572

modulated by “emotion”, with positive and negative audio recordings eliciting larger amplitudes573

in the LNC time window than neutral audio recordings. As LNC over the posterior parietal cortical574

area is relevant to the conscious cognition of emotional stimuli [65], and LNC amplitudes are575

positively correlated with the evaluation of the subjective emotional valence of emotional stimuli576

[66], it appears that more mental processing resources were recruited for evaluation of positive577

and negative audio recordings as compared to neutral audio recordings.578

579

Importantly, LNC amplitudes were modulated by the interaction between “sociality”, “emotion”,580

and “group”. For the social-negative audio recordings, LNC amplitudes in the High-AQ group were581

lower than those in the Low-AQ group, whereas no difference was found between the two582

groups for other kinds of audio recordings. Thus, our results suggest that the High-AQ group583

exhibited impaired mental processing for evaluation of social-negative audio recordings. In584

addition, LNC amplitudes in response to social-negative audio recordings were correlated with585

the AQ scores of participants in the High-AQ group: the higher the AQ score, the smaller the LNC586

amplitudes in response to social-negative audio recordings. These results suggest that the LNC587

amplitudes elicited in response to social-negative audio recordings were sensitive to the588

magnitude of autistic traits, supporting our hypothesis that altered perception of social-negative589
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stimuli in the auditory modality can be found in individuals with autistic traits.590

591

Altered social-emotional processing by individuals with autistic traits592

A key result of this study is the fact that both Experiment 1 and Experiment 2 found significant593

behavioral differences between the High-AQ and Low-AQ groups in response to social-negative594

stimuli. That is to say, in both experiments, the High-AQ group exhibited more negative595

emotional reactions to the social-negative stimuli than did the Low-AQ group. In addition, ERP596

results showed that LPP amplitudes elicited in response to social-negative pictures (Experiment 1)597

and LNC amplitudes elicited in response to social-negative audio recordings (Experiment 2) were598

lower in the High-AQ group than in the Low-AQ group. Both LPP and LNC amplitudes were599

correlated with the AQ scores of the High-AQ group only when they were elicited by600

social-negative stimuli.601

602

These results support our hypothesis that individuals with autistic traits have altered processing603

of social-negative stimuli. Prior studies have suggested that social emotions have greater604

emotional significance than nonsocial emotions [44], which could active individuals’ intrinsic605

motivation to respond to social emotions [71]. According to the social motivational theory of ASD606

[72], one possible explanation for these findings could be that individuals with autistic traits lack607

the intrinsic motivation to process socially significant emotional stimuli. In addition, autistic608

individuals exhibit enhanced perception, attention, and memory capabilities, which may cause609

their experience of the world to become too intense and even aversive [73], causing many of the610

key autistic symptoms, such as disorders of social interaction [74] and perception [75]. Therefore,611
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the atypical perception of social-negative emotions by individuals with autistic traits may be the612

result of their overly intense and avoidant processing of social-negative stimuli in comparison to613

other types of social- or nonsocial-emotional stimuli. The social-negative stimuli may make614

individuals with autistic traits experience emotions that are too intense and thus contribute to a615

decline in their intrinsic motivation.616

617

Limitations618

Despite these potential implications, several limitations of the present study should be noted.619

First, although the influence of autistic traits on reactions to social or nonsocial emotional stimuli620

was assessed in an experimental setting, whether and how these reactions are related to621

real-world behavior requires further investigation. Second, the present study used a passive622

listening/viewing paradigm. Filler trials were not used to evaluate whether participants focused623

sufficiently on the emotional stimuli, and thus further investigations should take this into624

account.625

626

Conclusions627

This study investigated the influence of autistic traits on the perception of social-emotional628

stimuli. ERPs were used to measure the neural reactions that were elicited by social-emotional629

stimuli in both the High-AQ and Low-AQ groups. More negative emotional reactions and smaller630

late ERP component amplitudes (LPP of pictures and LNC of audio recordings) were found in the631

High-AQ group than in the Low-AQ group in response to the social-negative stimuli. In addition,632

LPP or LNC amplitudes in response to social-negative stimuli were correlated with the AQ scores633
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of the High-AQ group. These results suggest that individuals with autistic traits exhibit altered634

behavioral and neural processing of social-negative emotional stimuli.635
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Figures

Figure 1

Examples of pictures used in Experiment 1. Examples of nonsocial (top panel) and social (bottom panel)
pictures with positive (left column), neutral (middle column), and negative (right column) emotional
valence. Pictures were selected from the International Affective Picture System (IAPS) [41] and the
Chinese Affective Picture System (CAPS) [42].



Figure 2

Flowchart describing the experimental design. Left column: Procedure of Experiment 1, in which
participants were instructed to passively view the pictures. Right column: Procedure of Experiment 2, in
which participants were instructed to passively listen to the audio recordings.



Figure 3

Behavioral results from Experiment 1. Bar charts show responses of High-AQ (blue) and Low-AQ (red)
groups to positive (left column), neutral (middle column), and negative (right column) pictures with social
(solid bar) or nonsocial (dotted bar) dimensions. Data of RTs, ACCs, and emotional reactions are shown
in the top, middle, and bottom panels. Data in the bar charts are expressed as Mean ± SEM. ns: p > 0.05,
***p < 0.001.



Figure 4

ERP waveforms, scalp topography distributions, and bar charts for Experiment 1. ERP waveforms
exhibited by the High-AQ (blue) and Low-AQ (red) groups in response to positively (left column), neutral
(middle column), and negatively (right column) valenced pictures with social (solid) or nonsocial (dotted)
dimensions. Electrodes used to estimate the ERP amplitudes were marked using the black squares on
their respective topographic distributions. Data in the bar charts were expressed as Mean ± SEM. ns: p >
0.05; *p < 0.05.



Figure 5

Relationship between AQ scores and ERP amplitudes. The correlation between the LPP amplitudes in
response to social-negative pictures in Experiment 1 and AQ scores of the High-AQ (blue dots) and Low-
AQ (red dots) groups are shown in the top panel. The correlation between the LNC amplitudes in response
to social-negative audio recordings and AQ scores of the High-AQ (blue dots) and Low-AQ (red dots)
groups in Experiment 2 are shown in the bottom panel. Data in the Fig. 5 were calculated using the
Pearson correlation coe�cient.



Figure 6

Behavioral results from Experiment 2. Bar charts show responses of the High-AQ (blue) and Low-AQ (red)
groups to positive (left column), neutral (middle column), and negative (right column) audio recordings
with social (solid bar) or nonsocial (dotted bar) dimensions. Data of RTs, ACCs, and emotional reactions
are shown in the top, middle, and bottom panels. Data in the bar charts are expressed as Mean ± SEM.
ns: p > 0.05, **p < 0.01.



Figure 7

ERP waveforms, scalp topography distributions, and bar charts in Experiment 2. ERP waveforms were
exhibited by the High-AQ (blue) and Low-AQ (red) groups passively listening to positively (left column),
neutral (middle column), and negatively (right column) valenced audio recordings with social (solid) or
nonsocial (dotted) dimensions. Electrodes used to estimate the mean ERP amplitudes were marked using
the black squares on their respective topographic distributions. Data in the bar charts were expressed as
Mean ± SEM. ns: p > 0.05; *p < 0.05.
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