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INTRODUCTION

In the current opinion, neurodevelopmental and neuropsy-
chiatric disorders, e.g., autism spectrum disorder (ASD) and 
schizophrenia spectrum disorder (SSD), can reflect quantita-
tive, dimensional traits distributed continuously in the general 
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population.1,2 In other words, the traits of ASD/SSD are ex-
pressed with varying levels of severity in the neurotypical and 
subclinical populations. Evidence from behavioral3,4 and neu-
roimaging5,6 studies have increasingly shown that patients with 
ASD/SSD and individuals with autistic/schizotypal traits have 
common features and manifestations. Many researchers found 
that cognitive, emotional, and neurobiological impairments 
exist in individuals with autistic/schizotypal traits. Among these, 
seven to nine attentional function dysfunction was crucial. 

Increasing evidence7-9 has confirmed that autistic or schizo-
typal traits are associated with changes in attentional func-
tion in typical individuals. Zhao et al.10 found that individu-
als with higher autistic traits have a deficit in gaze-triggered 
attention. Other researchers subsequently confirmed that in-
dividuals with higher autistic traits shown a deficit that they 
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cannot reasonably distribute attention to incoming non-fa-
cial11 and facial stimuli.12 Several researchers revealed that in-
dividuals with higher autistic traits have deficits in global but 
enhance local attentional function.13 Studies also confirmed 
that higher autistic traits were associated with superior visual 
perceptual skills14 and search skills.15 In addition, Stotesbury 
et al.16 reported that individuals with higher schizotypal traits 
had greater performance decrements of attentional function 
when they needed to pay attention to lots of stimuli. Research-
ers also found that sustained attentional deficits were associ-
ated with individuals of higher schizotypal traits.17,18 Accord-
ing to previous studies, autistic traits were associated with the 
abnormal orienting attentional function. For example, individ-
uals with higher autistic traits had stronger local attentional 
functions. They focus their attention on some more detailed 
places when observing objects.13 They seem unwilling to pay 
attention to places that contain social information. A study ob-
served that individuals with high autistic traits had difficulty 
perceiving emotional information conveyed by the eyes.19 Schizo-
typal traits were also found to be associated with the abnor-
mal orienting attentional function. The higher the schizotypal 
traits, the poorer the visual-spatial ability.20,21 However, some 
studies were unable to find that the schizotypal traits are re-
lated to abnormal directional attention.22 Based on studies, it 
seems to be a consensus that schizotypal traits were associated 
with abnormal executive control attentional function, con-
firmed by numerous researches.23,24 The study also found that 
autistic traits were associated with abnormal executive con-
trol attentional function.25 Therefore, both autistic traits and 
schizotypal traits were associated with the atypical attentional 
function. However, it seemed that autistic traits were associ-
ated with abnormal orientation and executive control atten-
tional function. In contrast, schizotypal traits were associated 
with abnormal executive control attentional function. There 
seems to be no consensus on whether schizotypal traits were 
associated with the abnormal orienting attentional function.

As mentioned above, we speculated that different attentional 
theories and paradigms might be an important reason for the 
mixed attentional function resulted in individuals with high-
er autistic traits. Posner and Petersen26 proposed an attention-
al theory and designed the attention network test (ANT). Fan 
et al.27 have applied it widely to assess attentional networks in 
typical and clinical populations. They separated the attention-
al function into three independent networks: alerting network, 
orienting network, and executive control network. Different 
brain structures dominated the three networks. The alerting 
network was characterized by producing and maintaining op-
timal vigilance to incoming stimuli. The orienting network fo-
cused on the ability to prioritize sensory input by selecting a 
modality or location. The executive network was concerned 

with the resolution of response conflicts between competing 
information. This study intended to use these promising tech-
niques to assess whether the autistic and schizotypal traits are 
associated with attentional networks.

The autistic and schizotypal traits can reflect the features of 
ASD/SSD in typical individuals. Autistic traits include traits 
that reflect social communication, social interaction, and ste-
reotyped behavior syndrome of ASD. Schizotypal traits in-
clude positive, negative, and disordered syndromes of SSD. 
The autism-spectrum quotient (AQ) and schizotypal person-
ality questionnaire (SPQ) are the two most widely used psy-
chometric self-report measures. These are used for screening 
individuals with a high level of autistic and schizotypal traits.28,29 
The autistic traits measured by AQ that consisted of five di-
mensions: social skill, attention switching, attention to detail, 
communications, and imagination.30 The schizotypal traits 
measured by SPQ included three dimensions: cognitive-per-
ceptual, interpersonal, and disorganized.31 Previous findings 
showed that different dimensions could cause different chang-
es in cognitive function and imaging markers. For instance, 
Davis et al.32 found that individuals with higher scores in autis-
tic traits “social communication” and “interaction” syndromes 
are associated with reduced looking at eyes. The individuals 
with higher scores in autistic traits “attention to detail” dimen-
sion relate to improved face recognition. Neuroimaging stud-
ies have also demonstrated that the striatocortical functional 
connectivity is associated with the “cognitive-perceptual” di-
mension rather than the “interpersonal” or “disorganized” di-
mension.33

According to current knowledge, no studies have been us-
ing ANT to examine the associations between autistic/schizo-
typal traits. Especially, different dimensions of these traits, 
and three independent attentional networks in the same typ-
ical individuals. Therefore, the primary goal of our study was 
to investigate the associations between attentional networks 
and autistic traits; also attentional networks and schizotypal 
traits. Furthermore, to find out the relations between the spe-
cial dimension of autistic/schizotypal traits and the three in-
dependent attentional networks.

METHODS

Standard protocol approval, consent
The participants were informed in detail before the test 

specific implementation process. They signed informed con-
sent after a verbal agreement to participate. The study was per-
formed according to the declaration of Helsinki. The study 
protocol was approved by the Ethics Committee of Anhui 
Medical University, Hefei, Anhui, China (20180235). 
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Participants
A total of 495 college students (243 males and 252 females) 

from Anhui Medical University was recruited in this study. 
After excluding 46 participants with missing data, 449 (224 
males and 225 females) participated in this study (Table 1). 
The average ages of male and female participants were 18.79± 
1.09 years and 18.74±1.14 years, respectively. All participants 
completed the AQ, the SPQ, and the ANT and received 50 
RMB for their participation. All participants were right-hand-
ed and were able to understand the entire procedure of the 
experiment.

Exclusion criteria
The exclusion criteria were determined based on the stan-

dard criteria of this topic8,19 and those specifically related to 
this study. Based on the reports, the abnormal attentional 
function of current or previous psychological disorders and 
drug use were also considered while determining the exclu-

sion criteria.34,35 These exclusion criteria were 1) any serious 
physical illnesses, 2) current or previous psychological disor-
ders such as anxiety and depression, 3) other axis I disorder(s), 
and 4) drug use.

Measures

Autism-spectrum quotient 
The AQ was a questionnaire to test autistic traits in typical 

individuals, designed by Baron-Cohen et al.30 The AQ con-
sisted of 50 items divided into five dimensions: social skill, 
attention switching, attention to detail, communication, and 
imagination. This measure was translated into Chinese by 
Zhang et al.36 for China. The Chinese version of AQ also had 
good reliability (0.89) and validity (0.81). As did by Zhang et 
al.,36 we adopted the 4-point Likert scoring system in the pres-
ent study. Scores ranged from 1 to 4 for items that showed au-
tistic features: “definitely agree” scored 4 points, “slightly agree” 
scored 3 points, “slightly disagree” scored 2 points, and “defi-
nitely disagree” scored 1 point. The scale was inverted for the 
opposite items.

Schizotypal personality questionnaire
The SPQ consisted of 74 items, designed by Raine31 based 

on the DSM-III-R, to separate the person with schizotypal 
personality disorder from the general population. It usually 
consisted of three factors: positive symptoms, including hal-
lucinations and delusions; negative symptoms, including alo-
gia, apathy, and amotivation; and disorganized symptoms in-
cluding thought disorder and bizarre behavior. Each item was 
rated on a dichotomous response of “yes” or “no” (“yes” scored 
1 point, and “no” scored 0 points). The Chinese version of the 
SPQ translated by Chen et al.37 had good reliability (0.86) and 
validity (0.95).

Attention network test
The subjects observed the stimuli in front of a computer 

screen at a distance of approximately 70 cm and reacted us-
ing two buttons. The visual stimuli included a row of five black 
arrowheads placed horizontally at the center of the computer 
screen. The arrowheads pointed left or right. The background 
of the stimuli was gray. The subjects were required to focus 
on the middle arrowhead, whose direction was presented in 
three different ways: 1) same as the arrowheads on the sides 
(congruent condition), 2) opposite the arrowheads on the 
sides (incongruent condition), or 3) no arrowhead on the 
sides (neutral condition). The participants’ task was to press 
the buttons as soon as possible, based on the direction of the 
middle arrowhead. The left index finger pressed the button 
when the middle arrowhead pointed to the left. The right in-

Table 1. Characteristics of subject and measurements in the study

Indexes Total (N=449)
Characteristics

Gender (male), N (%) 224 (49.89)
Age, years, median (quartile) 20 (19, 20)

Measurement
AQ scores, median (quartile)

Total-AQ 116 (110, 122)
AQ-S 23 (20, 26)
AQ-AS 26 (24, 27)
AQ-AD 24 (21, 26)
AQ-C 22 (20, 24)
AQ-IM 21 (19, 23)

SPQ scores, median (quartile)
Total-SPQ 23 (15, 32)
SPQ-CP 7 (4, 11)
SPQ-N 11 (6.5, 16)
SPQ-D 4 (2, 7)

Attentional networks
Alerting, median (quartile) 36 (26, 50)
Orienting, mean±SD 47.43±16.52
Executive, mean±SD 109.7±24.83

Mean RT, mean±SD    527±48.99
Accuracy, median (quartile) 0.97 (0.97, 0.98)

Total AQ: total Autism-Spectrum Quotient, Total SPQ: Schizotyp-
al Personality Questionnaire, AQ-S: AQ-Social Skill, AQ-AS: AQ-
Attention Switching, AQ-AD: AQ-Attention to Detail, AQ-C: AQ-
Communication, AQ-IM: AQ-Imagination, SPQ-CP: Cognitive-
Perceptual Schizotypy, SPQ-N: Interpersonal Schizotypy, SPQ-D: 
Disorganization Schizotypy
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dex finger pressed the corresponding button when the arrow-
head pointed to the right. A fixation point “+” was first pre-
sented on the computer screen on each test, and then a cue 
“*” was given after 400 ms to 1,600 ms. There were four cues: 
1) no cue: the second fixation point appeared directly at the 
center of the screen; 2) central cue: the location of cue “*” was 
presented at the center of the screen; 3) double cue: the cue 
appeared above or below the fixation point but did not pro-
vide any spatial information; and 4) spatial cue: cues were dis-
played above or below the central fixation point, and the cue 
reminded the participant of the position of fixation. The en-
tire ANT consisted of a 24-trial practice set and three experi-
mental sets. Each experimental set consisted of 96 trials [48 
trials: 4 (cue types)×2 arrow location (up and down)×2 arrow 
directions (left and right)×3 (ways of arrowheads), repeated 
twice]. The presentation of the trials was random. Participants 
were instructed to pay attention to a fixation point at the cen-
ter of a computer screen and reacted when the screen changed. 
Figure 1 illustrates the task.

The relevant attentional network efficiencies were calculat-
ed as follows: The alerting network=the mean response time 
(RT) with no cue-the mean RT with double cues. The larger 
the value of the alerting network, the higher its efficiency. The 
orienting network=the mean RT with a center cue-the mean 
RT with a spatial cue. The larger the value of the orienting net-
work, the higher its efficiency. The executive control network= 
the mean RT of the incongruent target condition-the mean 
RT of the congruent target condition. The larger the value of 
the executive control network, the lower its efficiency. 

Data analysis and statistics 
Data were expressed as mean±SD, and statistical analysis 

was performed using SPSS V19.0 software (IBM Corp., Ar-
monk, NY, USA). Pearson’s correlation and Spearman’s corre-
lation tests were used to assess relationships between the AQ 
or SPQ scores and the three attentional networks’ efficiencies. 
Descriptive statistics were used to measure data normality, and 
Spearman’s correlation test was executed according to the 
normality of data in tables. Multiple linear regression analysis 
was performed to explore the dimension of autistic and schizo-
typal traits that could predict the three attentional networks. 
p<0.05 was considered statistically significant.

RESULTS

The correlation between autistic/schizotypal traits 
and ANT

A positive relationship between the total AQ scores and the 
score of the orienting network was found (r=0.115, p<0.05) 
(Table 2). The total scores of SPQ are positively related to the 
scores of the alerting network and orienting network (r=0.061, 
p<0.05; r=0.099, p<0.05) (Table 3).

As for the relationship between the various dimensions of 
autistic traits and attentional networks, a positive relation be-
tween the score of the orienting network and “social skill, 
communication and imagination” dimensions were found (r= 
0.183, p<0.01; r=0.175, p<0.01; r=0.125, p<0.05). A negative 
relation between the score of the orienting network and “at-
tention to detail” dimension was found (r=-0.110, p<0.05) 
(Table 2). 

A positive relationship between the score of the orienting 
network, executive control network, and the scores of ‘inter-
personal’ dimensions of schizotypal traits was found (r=0.182, 
p<0.01; r=0.123, p<0.05) (Table 3). 

The multiple regression analysis of ANT
We performed a multiple regression analysis of all dimen-

sions of autistic, schizotypal traits and the three networks. We 
found that “interpersonal” dimension was a significant pre-
dictor of all three networks [alerting: 0.147 (-0.010–0.861), p= 
0.045; orienting: 0.147 (0.018–0.733), p=0.040; executive: 0.198 
(0.215–1.309), p=0.006]. Besides, AQ-attention switching 
[0.104 (-1.175– -0.025), p=0.041] and AQ-attention to detail 
[-0.097 (-0.798– -0.001), p=0.049] were significant predictors 
of orienting network, and gender was a significant predictor 
of Executive network (Beta=0.107; 95% CI=-0.476–10.139; 
p=0.031) (Table 4).

Cue conditions

Target conditions

Presentation time course

No cue

Neutral

400–1,600 ms

RT<2,700 ms

100 ms
400 ms

Congruent Incongruent

Center cue Double cue Spatial cue

A  

B  

C  

Figure 1. Experimental paradigm of the attention network test. A: 
The four cue conditions. B: The six stimuli used in the present ex-
periment. C: An example of the procedure.
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DISCUSSION

The present study used AQ, SPQ, and ANT to measure au-
tistic traits, schizotypal traits, and attentional network rela-
tionships. The study suggested that autistic traits were associ-
ated with the orienting network, and schizotypal traits are 
correlated with all the three attentional networks. Moreover, 
our study demonstrated that the “communication” dimension 
of autistic traits could predict the efficiency of the orienting 
network. The “interpersonal” dimension of schizotypal traits 
could predict the efficiency of the three attentional networks.

In previous studies, researchers found that the attentional 
function changes were core characteristics of patients with 
ASD and individuals with higher autistic traits.13,38 Keehn et 
al.39 found that children and teenagers with ASD had a lower 
efficiency in orienting networks, which was not entirely 
consistent with our research. This may be because partici-
pants were ASD patients instead of individuals with higher 

autistic traits. Our study showed that total autistic trait scores 
were negatively associated with orienting network efficiency. 
Individuals with higher scores in total autistic traits had high-
er efficiency in the orienting network. According to studies, 
individuals with high autistic traits also had impaired atten-
tional function. These including delayed attention to others’ 
eyes19 and difficulty recognizing emotions,40 indicating they 
had a deficit in attention to the social stimulus. This study re-
vealed that individuals with high autistic traits had a deficit 
orienting functional efficiency, which was inconsistent with 
previous studies. It was due to arrows belonging to non-social 
information stimuli. Previous studies found that autistic traits 
were mostly associated with impaired social stimuli. Howev-
er, other studies found that individuals with high autistic traits 
were more efficient at non-social stimuli and responded more 
quickly to non-social information stimuli.14,15 Several earlier 
studies using the ANT paradigm reported reduced effective-
ness in the orienting function of arrow information among 

Table 2. Correlation between autistic traits and ANT

Total AQ AQ-S AQ-AS AQ-AD AQ-C AQ-IM Alerting Orienting Executive Mean RT Accuracy
Total-AQ 1
AQ-S 0.712** 1
AQ-AS 0.494** 0.327** 1
AQ-AD 0.275** -0.131** -0.072 1
AQ-C 0.677** 0.507** 0.255** -0.057 1
AQ-IM 0.540** 0.263** 0.099* -0.057 0.270** 1
Alerting 0.020 0.066 0.072 -0.028 0.006 -0.021 1
Orienting 0.115* 0.183** 0.009 -0.110* 0.175** 0.125* 0.068 1
Executive 0.026 0.005 0.072 0.039 0.035 0.006 -0.054 -0.001 1
Mean RT 0.063 0.107* 0.021 -0.078 0.073 0.104* 0.015 0.244** 0.237** 1
Accuracy -0.033 -0.037 -0.013 -0.028 -0.041 0.047 -0.099* 0.033 -0.110** 0.422** 1
*p<0.05, **p<0.01. ANT: attention network test, Total AQ: total Autism-Spectrum Quotient, AQ-S: AQ-Social Skill, AQ-AS: AQ-Attention 
Switching, AQ-AD: AQ-Attention to Detail, AQ-C: AQ-Communication, AQ-IM: AQ-Imagination

Table 3. Correlation between schizotypal traits and ANT

Total-SPQ SPQ-P SPQ-IN SPQ-D Alerting Orienting Executive Mean RT Accuracy
SPQ-total 1
SPQ-P 0.828** 1
SPQ-IN 0.853** 0.501** 1
SPQ-D 0.790** 0.621** 0.523** 1
Alerting 0.061 0.032 0.089 0.008 1
Orienting 0.099* -0.007 0.182** 0.054 0.068 1
Executive 0.111* 0.081 0.123** 0.086 -0.054 -0.001 1
Mean RT 0.005 -0.037 0.069 -0.013 0.015 0.244** 0.237** 1
Accuracy -0.053 -0.026 -0.053 -0.055 -0.099* 0.033 -0.110** 0.422** 1
*p<0.05, **p<0.01. ANT: attention network test, Total SPQ: Schizotypal Personality Questionnaire, SPQ-CP: Cognitive-Perceptual Schizo-
typy, SPQ-IN: Interpersonal Schizotypy, SPQ-D: Disorganization Schizotypy
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ASD patients.39,41,42 The subjects of the previous research were 
ASD children with significantly impaired social function. In 
contrast, our study enrolled young people admitted to a uni-
versity and without impairing social function. These college-
educated individuals had higher IQs, better social skills, and 
better spatial recognition than those with ASD.

In exploring the relationship between the special autistic 
dimension and orienting network, our study found that the 
autistic dimensions “social skill, communication, and imagi-
nation” were positively associated with the efficiency of the 
orienting network. However, our study suggested that indi-
viduals with higher scores of autistic dimensions, “attention 
to detail” are negatively associated with the orienting network’s 
efficiency. Our study results showed that only the individuals 
with higher scores in autistic dimension “attention to detail” 
exhibited the deficit in the orienting network similar to that 
of ASD patients. New diagnostic and statistical manual of men-
tal disorders, 5th edition (DSM-5) emphasizes the different 
dimensional characteristics of ASD patients.43 An increasing 
evidence proved that different dimensions of autistic traits 
were associated with different cognition features.44,45 In our 
study, different dimensional traits of participants’ may have 
caused the mixed results of attentional function changes.

Several studies found attentional disability in individuals 
with higher schizotypal traits, which was consistent with the 
present study.16-18 However, no studies investigated which at-
tentional network had deficits in individuals with higher 
schizotypal traits. Studies focused on schizotypal traits and 
attentional functions noticed that higher schizotypal traits 
were associated with the impaired attentional function.16,17 For 
example, when normal people deal with external stimuli, their 
ability to deal with the stimuli decreases as the stimuli increase. 
In contrast, individuals with higher schizotypal traits experi-
enced an even greater decline in their ability to deal with more 
stimuli.16 Some studies found that individuals with high schizo-
typal traits had impaired sustained attentional function, which 
made them unable to pay attention for a long time.17 Similar-
ly, this study revealed that schizotypal traits were associated 
with poor executive control efficiency. Previous studies have 
also shown impaired executive control attentional function in 
patients with schizophrenia.46 This study confirmed impaired 
attentional function in individuals with high schizotypal traits 
among normal populations. Schizotypal traits affected normal 
populations’ attentional function. The higher the trait score, 
the worse the executive control attentional function.

To our surprise, there was an enhanced efficiency in alert-
ing and orienting networks of individuals with higher schizo-
typal traits. Previous findings suggested that individuals with 
higher schizotypal traits had deficits in the auditory alertness47 
and attentional alertness.17,18 Also, patients with SSD had an Ta
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impairment in the orienting network.48,49 The results of our 
study were inconsistent with the previous results as mentioned 
above. Individuals with higher schizotypal traits may have 
shown deficits in some cognitive tasks in most previous stud-
ies. However, it does not mean that these people were only as-
sociated with impaired cognitive function.50 The most signif-
icant difference between our study and prior researches is the 
task and volunteers. Participants of this study were more like-
ly to have sufficient cognitive strength to achieve a college ed-
ucation than the general SSD patient group.

Schizotypal traits can be grouped into separate cognitive-
perceptual, interpersonal, and disorganized dimensions. Our 
study showed that the schizotypal dimension “interpersonal” 
could predict alterations in the attentional networks. The be-
havioral and imaging performance of individuals with schizo-
typal traits was associated with dimensions. Also, individuals 
with higher cognitive-perceptual schizotypal dimensions had 
a talent for creativity.51-53 However, individuals with higher in-
terpersonal schizotypal dimensions had deficits in episodic 
memory.54 The neural activities of individuals with higher 
schizotypal scores in cognitive-perceptual or interpersonal 
dimensions were different.55 The different cognition function 
performances may have been caused by different underlying 
neural activities of individuals with higher schizotypal traits 
in the “cognitive-perceptual,” “interpersonal” dimension.

Autistic traits and schizotypal traits interact. Many ASD pa-
tients had been diagnosed with schizophrenia,2,56 and had im-
paired attentional function, indicating that they may share a 
common pathogenesis. This study revealed that autistic traits 
and schizotypal traits had hyperfunction of orienting atten-
tion. It had two sides, and it made us more capable in several 
aspects, such as quickly finding some external stimuli.14,15 How-
ever, it also had inevitably led us to be more sensitive, less able 
to pay attention, and more vulnerable to external stimuli. Both 
patients with ASD and schizophrenia were sensitive to exter-
nal information. They were prone to anger or fear,57-59 leading 
to withdrawal from social interactions and thus exacerbates 
social dysfunction. Further investigation of the similarity be-
tween autistic traits and schizotypal deficits may help better 
understand the clinical symptoms of ASD patients, similar to 
those of schizophrenia. Therefore, providing some potential 
benefits of behavioral intervention.

The present study had several limitations. Firstly, recruited 
volunteers were confined to college students only. Autistic 
traits and schizotypal traits may have affected their college ad-
mission. Previous studies have shown that autistic traits and 
schizotypal traits can affect an individual’s income and social 
status. Although no reviews have discussed the relationship 
between autistic traits and schizotypal traits and college admis-
sion, it is likely to impact. Secondly, participants with other 

axis I disorder(s) was not recruited, considering the standard 
criteria for this topic8,19 and target participants in this initial 
study. The study did not measure other characteristics that 
may have affected the attentional function, such as anxiety, 
depression, obsessive-compulsive disorder (OCD), attention 
deficit, and hyperactivity disorder (ADHD). However, the sub-
jects were asked if they had any of these diseases. Thirdly, the 
scales used in this study with good reliability and validity were 
AQ and SPQ based on this topic’s standard criteria.60,61 There-
fore, other scales such as BPRS, SCL-90, PANSS, and YBOCS 
were not considered in this initial study. Besides, the arrow 
stimulus used in this study was non-social stimuli. The atten-
tional function of patients with autism towards non-social 
stimuli and social stimuli were different. This may have result-
ed in an inability to fully explore the relationship between au-
tistic traits and schizotypal traits, and the attentional function.

Conclusion
This study demonstrated that autistic and schizotypal traits 

were associated with attentional networks. Specific dimen-
sions of autistic and schizotypal traits can predict different at-
tentional networks.
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