
O R I G I N A L  R E S E A R C H

Reduced Attentional Capture by Topological 
Changes in Children with Autism Spectrum 
Disorder: Evidence for a Perceptual Deficit
Jing Li1,*, Huanjun Xi2,*, Qingqing Zhang1, Tao Duan1, Dandan Li1,3,4, Lei Shi5, Shuoqiu Gan2, 
Hong Li5, Chunyan Zhu1,3,4,6

1School of Mental Health and Psychological Sciences, Anhui Medical University, Hefei, 230032, People’s Republic of China; 2Institute of Artificial 
Intelligence, Hefei Comprehensive National Science Center, Hefei, 230088, People’s Republic of China; 3Anhui Province Key Laboratory of Cognition 
and Neuropsychiatric Disorders, Hefei, 230022, People’s Republic of China; 4Collaborative Innovation Center of Neuropsychiatric Disorders and 
Mental Health, Hefei, Anhui, 230022, People’s Republic of China; 5Department of Pediatric Rehabilitation, Anhui Hospital Affiliated to the Pediatric 
Hospital of Fudan University, Hefei, People’s Republic of China; 6Department of Psychology, The Second Affiliated Hospital of Anhui Medical 
University, Hefei, 230601, People’s Republic of China

*These authors contributed equally to this work 

Correspondence: Chunyan Zhu, School of Mental Health and Psychological Sciences, Anhui Medical University, Hefei, 230032, People’s Republic of 
China, Tel +86 0551-65161249, Email ayswallow@126.com; Hong Li, Department of Pediatric Rehabilitation, Anhui Hospital Affiliated to the Pediatric 
Hospital of Fudan University, Hefei, People’s Republic of China, Email 2623115155@qq.com

Background: Deficits in the adaptive allocation of attention are considered a feature associated with autism spectrum disorder (ASD). It 
remains unclear whether the attention of children with ASD can be modulated involuntarily by stimulus-driven processes. Visual 
processing is believed to initiate with topological perception; thus, we investigate the modulation of attention shifts in children with ASD 
by altering topological properties. This approach aims to elucidate the mechanism underlying atypical attentional capture in ASD.
Methods: Our study recruited 32 ASD children and 30 age-matched typically developing (TD) children. Employing an attentional 
capture paradigm, we systematically documented the eye movement of both ASD and TD participants in response to stimuli that 
included non-topological change (nTC), topological change (TC) and abrupt onset.
Results: The results suggest that the attention of children with ASD fails to be captured by TC and onset stimuli, and the degree of 
attentional bias towards TC is significantly correlated with their scores on clinical diagnostic scales.
Conclusion: Our results suggest that atypical attentional capture in ASD children is likely a result of impaired processing of 
topological perception. This finding not only enhances our understanding of their attentional atypicality but also provides insights for 
intervention practices to improve global processing.
Keywords: autism spectrum disorder, attention capture, bottom-up attention, topological perception, eye-tracking

Background
Autism Spectrum Disorder (ASD) is a complex neurodevelopmental condition characterized by enduring impairments in 
social communication and interaction, as well as the presence of restricted, repetitive patterns of behavior. Although not a core 
diagnostic criterion for ASD, atypical attention has been recognised as being associated with ASD since the condition was first 
described in detail by Kanner.1 Evidence linking atypical attention to ASD includes: (1) early and persistent attentional 
differences,2–5 (2) atypical attentional patterns in infants with ASD-sibling history,2,4 and (3) attentional impairments in 
Fragile X syndrome frequently co-occurs with ASD.6–8 This connection suggests that attentional deficits may constitute a core 
neurobiological mechanism underlying ASD-related behavioral manifestations.

Consistent with this finding, impaired attentional orienting to salient environmental cues represents a widely reported 
feature of ASD.9–11 This atypical attention profile may stem from involuntary mechanisms, which develop earlier than 
voluntary control (peaking in early adulthood).12–14 In typical development, involuntary attention is automatically drawn 
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to intrinsic stimulus properties.15,16 A canonical example is the abrupt onset, wherein the sudden appearance of a novel 
object reliably captures attention.17–19 However, the exact mechanism of onset capture remains controversial.20–26 

Limited evidence further suggests that children with ASD exhibit selective deficits in prioritizing novel stimuli.27,28 

Greenaway and Plaisted27 argued that the failure of abrupt onsets to capture the attention of ASD children may be related 
to impaired processing of dynamic stimuli. Whereas, Xu et al29 recently reported that ASD children also fail to orient to 
topological changes and attributed this failure to impaired topological perception. Collectively, these findings raise the 
unresolved question of how atypical attentional capture in ASD can be reconciled.

Notably, these seemingly disparate findings on attentional atypicalities in ASD may share a unified explanation: Both 
dynamic processing deficit and topological perception impairment could stem from a more fundamental mechanism 
elucidated by Chen’s topological perception theory30–32––specifically, reduced sensitivity to topological changes in ASD 
children, which compromises their prioritization of novel stimuli including abrupt onsets.

Chen’s framework offers a formal account of why abrupt onset should be treated as topological change. According to 
the theory, a perceptual object is defined as the set of properties that remain invariant under smooth, continuous 
transformations (eg, stretching, twisting) that do not tear or glue the object’s structure. Within this definition, the sudden 
appearance of objects (ie, abrupt onsets) fundamentally represents a topological transformation––that is, the emergence 
of a new perceptual object. In the analysis of topology, an abrupt onset is a transformation from zero to one, which 
represents a change in topological property. Crucially, such transformation (abrupt onset) captures attention not through 
low-level features (eg, luminance) but via the spontaneous generation of a new perceptual object.33,34 Chen’s seminal 
work first rigorously formalized this concept by defining a perceptual object by its topological invariants.32,35 

Consequently, abrupt onsets and topological changes are integrated into a single theoretical framework in which both 
constitute inherently salient stimuli that automatically capture attention.

Building on this framework, we hypothesize that children with ASD will exhibit significantly reduced attentional 
capture (longer fixation latencies, fewer first saccades) for stimuli with topological changes and abrupt onsets compared 
to typically developing children, but no group differences will emerge for non-topological changes. This deficit will 
correlate with higher ASD symptom severity, supporting impaired topological perception as a mechanism.

To empirically test this hypothesis, we employed a refined experimental paradigm grounded in the gap-overlap 
literature. The gap-overlap paradigm––widely utilized to investigate attentional disengagement in ASD36,37––has con
sistently revealed challenges in attentional shifting under overlap condition. Responsively, our study incorporated gap 
condition to mitigate this confound, enabling a cleaner investigation of attentional capture. Specifically, we implemented 
a change detection task designed to isolate the attentional effect of novel objects defined by topological properties, while 
systematically monitoring eye movement patterns throughout the visual search process in both ASD and typically 
developing children. This task represents a methodological advancement over the classic abrupt onset paradigm38 and 
gap paradigm, as it allows for direct comparison of eye movement indices between topological changes and the abrupt 
onsets––thereby directly probing the predicted differential attentional capture mechanisms.

Methods
Participants
All children with ASD were diagnosed by professional pediatric neurologists using the Diagnostic and Statistical Manual 
of Mental Disorders, Fifth Edition (DSM-5), and recruited from Anhui Hospital Affiliated to the Pediatric Hospital of 
Fudan University, China. Typically developing (TD) children were recruited from schools in the Hefei, Anhui province, 
China. Inclusion criteria for both groups of children were that they were aged between 4 years and 12 years, with normal 
or corrected-to-normal vision. Exclusion criteria for ASD group: (1) family history of monogenic disorders (to exclude 
genetic confounds), such as fragile X syndrome; (2) birth weight < 2000 g and gestational age < 32 weeks (to exclude 
developmental impairments of prematurity); and (3) current use of psychotropic medications (to exclude pharmacologic 
effects). Exclusion criterion for TD group: family history of ASD (to reduce the risk of undiagnosed ASD).

A total of 37 children with ASD and 33 typically developing (TD) children were recruited, with 32 ASD and 30 TD 
participants ultimately included in the study. Five children with ASD and three TD children were excluded from the 
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formal analysis due to poor data quality (see detailed in the Analyses section). Consequently, the final analytic sample 
comprised 32 ASD children and 30 TD children. The ASD and TD children were well matched for gender and 
chronological age. Written informed consent was obtained from all parents or legal guardians for their children’s 
participation in this study. All procedures were conducted in compliance with the guidelines and regulations of the 
Declaration of Helsinki and were approved by the Ethics Committee of Anhui Hospital Affiliated to the Pediatric 
Hospital of Fudan University, China (approval number: EYLL-2023-026). Detailed characteristics of the participants are 
shown in Table 1.

Apparatus and Stimuli
We used the iView X high-speed eye tracker, manufactured by the SensoMotoric Instruments (SMI Inc., German), to 
record the ocular movements of participants. The stimuli were displayed on a 30-inch monitor (refresh rate 250 Hz) with 
a resolution of 1680×960 pixels.

The stimuli consisted of cartoon images (2° × 2.6°) and geometric shapes (each 2° × 2°), as depicted in Figure S1. 
The role of cartoon images was to maintain the starting point of the children’s eye movements at the center of the screen. 
The place-holder frame consisted of five divisible circles. These circles were positioned at the eight-node position of the 
imaginary circle on the screen, whose center was positioned 8° from the center of the screen.

Procedure
Change Detection Task
To ensure the accuracy of the data collected, all participants were seated at a distance of approximately 65 cm from the 
screen where they completed all tasks and corrections using the SMI Experimental Centre software. Upon successful 
completion of the 5-point eye movement calibration, participants proceeded immediately to the change detection task. 
The task was composed of an equal number of test trials across three categories: non-topological change (nTC), 
topological change (TC), and abrupt onset change (Onset). Hence, the entire experimental session comprised 51 trials, 
consisting of 3 practice trials and 48 test trials. Each trial initiated with the display of a central cartoon image, which was 
then succeeded by the place-holder frame. Throughout the place-holder frame presentation, as soon as the participant’s 
gaze was stabilized within an of 1.8° radius surrounding the fixation point for a minimum of 500 milliseconds, the 
experimenter had to press the keyboard to terminate the current display, or the place-holder frame would automatically 
change to the target frame after 5 seconds. The target frame was presented for 2 seconds, during which subjects were 
asked to immediately look at the part that differs from the rest, the target, as shown in Figure 1.

Symptom Measures
The Chinese versions of the Autism Behavior Checklist (ABC),39 the Social Responsiveness Scale (SRS)40 and the 
Repetitive Behavior Scale-Revised (RBS-R)41 were utilized for the assessment of autistic traits in children, with the 
questionnaires being completed by parents or primary caregivers. The ABC is composed of 57 items across five 

Table 1 Demographic Characterization Across Different Groups

Variables ASD (n = 32)  
M±SD

TD (n = 30)  
M±SD

t/χ2 Value p Value

Age(years) 6.7 ± 2.1 7.1 ± 0.3 −1.068 0.293

Gender (Male/Female) 25/7 24/6 0.033 0.856

ABC 42±15.1 – – –

SRS 84.7±17.1 – – –

RBS-R 10±8.8 – – –

Abbreviations: ABC, Autism Behavior Checklist; SRS, Social Responsiveness Scale; RBS-R, Repetitive 
Behavior Scale-Revised.ASD, autism spectrum disorder; TD, typically development.
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subscales: sensory, social, motor, verbal communication, and social adaptation. The SRS, a 65-item questionnaire with 
4-point Likert scale ranging from 1 (not true) to 4 (almost always true), is a well-established parent-report measure 
designed to evaluate the severity of social impairment in autistic children. The RBS-R is a 43-item parent-report 
instrument that utilizes a 4-point Likert scale to evaluate the frequency of various behaviors characteristic of autism. 
The RBS-R contains six subscales that assess different aspects of repetitive and restrictive behaviors: stereotypic 
behavior, self-injurious behavior, obsessive-compulsive behavior, ritualistic behavior, repetitive behavior and restricted 
interests. Higher scores on all of these scales indicate more severe symptoms.

Analyses
Prior to commencing data analysis, two regions of interest (ROIs) were specified: the central ROI and the target ROI. The 
central ROI was defined as a circular region with a radius of 1.8°, centered on the fixation point. The target ROI was 
configured as a trapezoidal region encircling the target item (see Figure 2). Participants were excluded from the analysis 
if over 50% of their trials were classified as invalid, either due to the absence of central fixation at trial initiation, or if 
they had errors in 50% or more of the trials.42 Five children with ASD and three TD children were excluded from the 
statistical analysis.

Figure 1 Stimuli and Procedure of Change Detection Task.

Figure 2 Two Regions of Interest (ROIs).
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We utilized four key eye tracking metrics––saccadic reaction time (SRT), visual search time (VS), first fixation dwell 
time (FFDT), and saccadic accuracy rates (AR)––as independent variables in our analysis. To evaluate the diagnostic 
classification potential of these behavioral features, linear discriminant analysis (LDA) was implemented. Post LDA, 
discriminant scores were calculated to quantify group differences. The classification performance of these discriminant 
scores in distinguishing children with ASD from TD peers was evaluated through receiver operating characteristic (ROC) 
curve analysis, employing non-parametric methods (Mann–Whitney U-test) to determine optimal sensitivity and speci
ficity thresholds.

Eye-tracking data acquired from the SMI system were imported into the SPSS software (version 22.0; IBM Corp., 
USA). When the assumption of sphericity is violated, the Greenhouse-Geisser method is used to correct the ANOVA 
analysis.43 We performed mixed-effects ANOVAs to analyze the impact of stimulus type (nTC, TC, and Onset) and 
group (ASD and TD) on the saccadic indices (VS, SRT, FFDT and AR). Pairwise comparisons using the least significant 
difference (LSD) post hoc tests44 were conducted to identify significant group differences in responses to specific stimuli.

We also conducted Pearson correlation analysis to explore the associations between saccadic parameter (VS, SRT, 
FFDT and AR) and clinical rating scales (ABC, SRS and RBS-R). To account for multiple comparisons in Pearson 
correlation analysis, we applied False Discovery Rate (FDR) correction to control for the false-positive rate.45 GraphPad 
Prism software (version 9.5.0; GraphPad Prism Software Inc., USA) was used to generate all graphs.

Results
Visual Search Time (VS)
Visual search time is defined as the interval between target appearance and saccade landing within the target ROI. 
A repeated measures ANOVA was conducted to assess the effect of group (ASD, TD) and stimulus type (TC, nTC, 
Onset) on the VS There was a significant main effect for group [F (1, 60) = 36.347, p < 0.001, η2 = 0.377], suggesting 
that children with ASD exhibited a longer VS compared to TD children. Additionally, the interaction effect was also 
significant [F (2, 120) = 8.661, p < 0.01, η2 = 0.126]. Simple effects analysis revealed that ASD children showed no 
differential VS across stimuli. In contrast, the TD group exhibited significant differences in VS between TC and nTC (p < 
0.001) as well as between nTC and Onset (p = 0.001), but not between TC and Onset. The mean values of eye-tracking 
measures (latency and accuracy) and the corresponding statistical values for the ASD and TD groups are shown in 
Table 2 and Figure 3.

Saccadic Reaction Time (SRT)
Saccadic reaction time was determined by the duration from the emergence of the target to the initiation of the first 
correct saccadic eye movement. Similarly, a repeated measures ANOVA was conducted to assess the effect of group 
(ASD, TD) and stimulus type (TC, nTC, Onset) on the SRT data. Analysis revealed that both the main effect of 
group [F (1, 60) = 6.907, p < 0.05, η2 = 0.103] and the interaction effect [F (2, 120) = 4.565, p < 0.05, η2 = 0.071] 
were significant. Post hoc analysis showed no significant effect of stimulus type on SRT was observed within the 
ASD group. However, TD children exhibited significant differences between TC and nTC (p = 0.043), marginal 
significance for nTC and Onset (p = 0.056), and no significant difference between TC and Onset, as demonstrated in 
Figure 3.

First Fixation Dwell Time (FFDT)
First fixation dwell time is measured by the time spent on the target ROI during the first gaze, which reflects the degree of 
attentional capture. We performed a repeated measures ANOVA to evaluate the effect of group (ASD, TD) and stimulus 
type (TC, nTC, Onset) on FFDT data. There was a main effect of group [F (1, 60) = 136.330, p < 0.0001, η2 = 0.694], 
indicating that the FFDT of children with ASD within the target ROI was shorter than that of TD children. In addition, 
the interaction effect was marginal significant [F (2, 120) = 2.961, p = 0.056, η2 = 0.047]. Analysis of simple effect 
indicated no stimulus-dependent variation in FFDT for ASD children. Nevertheless, TD children showed significant 
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Table 2 Saccadic Indices of Change Detection Task in Different Groups

VS SRT FFDT AR

TC nTC Onset TC nTC Onset TC nTC Onset TC nTC Onset

Group ASD 370.93±32.51 362.59±50.91 369.54±38.18 269.40±75.26 257.17±52.45 272.84±79.89 291.47±75.12 312.52±72.51 289.05±79.24 0.51±0.14 0.56±0.17 0.53±0.15

TD 316.81±24.41 351.73±38.01 319.71±23.96 227.51±43.15 245.02±43.45 227.00±24.89 559.89±159.19 496.55±159.59 556.82±149.78 0.75±0.09 0.69±0.09 0.75±0.12

F(interaction) 8.66 4.57 2.96 3.19

P 0.001** 0.013* 0.056 0.045*

η2 0.126 0.071 0.047 0.050

Notes: *p <0.05, **p <0.01. 
Abbreviations: TC, topological change; nTC, non-topological change; SRT, saccadic reaction time; VS, visual search time; FFDT, first fixation dwell time; AR, saccadic accuracy rate; ASD, autism spectrum disorder; TD, typically 
development.
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differences between TC and nTC (p = 0.018), and between nTC and Onset (p = 0.041), but not between TC and Onset, as 
depicted in Figure 3.

Saccadic Accuracy Rate (AR)
The ratio of saccades directly to the target was tested. A repeated measures ANOVA was employed to evaluate the AR 
data. The results indicated that both the main effect of group [F (1, 60) = 88.643, p < 0.0001, η2 = 0.596] and interaction 
effect were significant [F (2, 120) = 3.187, p = 0.045, η2 = 0.05]. Post hoc tests revealed no significant AR differences for 
both ASD and TD children across stimuli, as shown in Figure 3.

In summary, our eye-tracking analyses employing multiple metrics consistently demonstrated distinct response 
patterns between ASD and TD children across stimulus types (TC, nTC, Onset). TD children exhibited efficient 
processing of topological changes, as evidenced by their faster and more pronounced attentional capture by such stimuli. 
Conversely, children with ASD showed atypical attentional patterns, likely attributable to impaired topological percep
tion that compromised their ability to accurately and rapidly detect topological changes, thereby resulting in divergent 
eye-movement profiles compared to their TD peers.

The results for AR in controls were not fully consistent with the latency findings, which may reflect weaker 
topological effects for accuracy vs latency. This dissociation may arise because topological effects primarily influence 
latency, rather than decision accuracy. Rapid early topological changes might not guarantee high decision accuracy. 
Consequently, we did not include AR as a potential variable in the subsequent discriminant analysis.

Figure 3 Saccadic Indices as a Function of Group and Stimulus Type; *p < 0.05, **p < 0.01, ***p < 0.001, #p = 0.056.
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Receiver Operating Characteristic Curve (ROC)
Although not our primary aim, eye-tracking metrics show potential utility as screening tools. Critically, significant group 
differences emerged between TC and nTC across key saccadic indices (SRT, VS, and FFDT). We conducted discriminant 
analysis using the group-differentiated saccadic metrics (SRTtc-ntc, VStc-ntc, and FFDTtc-ntc). The overall accuracy of the 
discriminant model is 75.8%, and the discriminant score is obtained according to the following formula:

Figure 4 shows the ROC curve of the discriminant score between ASD and TD children. The area under the curve (AUC) 
of the ROC analysis in ASD vs TD was 0.803 (p < 0.001, 95% CI [0.694, 0.914]), indicating that discriminant score 
derived from saccadic indices in the change detection task enable moderate accuracy in differentiating children with ASD 
from TD peers. The Youden index identified an optimal cut-off value of –0.014, yielding 78.1% sensitivity and 76.7% 
specificity, as shown in see Figure 4. Notably, while these LDA/ROC models show promising diagnostic potential, their 
clinical applicability requires validation in larger, independent cohorts.

Correlation Analysis
Our findings suggest that topological changes fail to capture attention in children with ASD, indicating a potential 
association between this perceptual deficit and their clinical symptoms. This impairment in early-stage topological 
perception may progressively disrupt higher-level cognition functions in ASD, particularly social communication and 
repetitive behaviors. Quantitative analyses corroborate this relationship: (1) Pearson correlation revealed that the absolute 
difference in FFDT between the TC and Onset conditions was positively associated with the total score on the RBS-R 
(r = 0.443, p = 0.033), and (2) AR under Onset condition were significantly correlated with total SRS score (r = –0.557, 
p = 0.003), as demonstrated in Figure 5 and Table 3.

Discussion
Several key findings emerged from this study. Firstly, children with ASD demonstrated a diminished capacity for 
attentional capture by abrupt onsets, aligning with previous studies.27,28 Secondly, these children also exhibited 
a reduced ability to allocate attention in response to topological changes, echoing recent results from Xu et al.29 

Thirdly, the extent of attentional capture impairment by topological changes, including abrupt onsets, correlates with 

Figure 4 Receiver Operating Characteristic Curve.
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the severity of symptoms (repetitive behavior) in children with ASD. Collectively, our findings suggest that attention 
deficits in children with ASD may stem from abnormalities in early topological processing. Topological perception 
deficits may underlie both attentional and social phenotypes in ASD.

Our study explored the nexus between visual attention deficits at the lower levels and the impairments in higher-order 
social and communicative skills, a relationship underscored by previous research.46,47 We specifically investigated the 
correlation between attentional capture prompted by topological changes in children with ASD and the clinical symptoms 
quantified through the ABC, SRS, and RBS-R scales. Deficits in attention to topological changes/abrupt onsets may 
reduce the capture of social cues such as facial expressions, which might be attributed to impaired holistic processing (eg, 
perceiving faces as unified “perceptual objects”) forces an over-reliance on feature-based strategies (eg, mouth-focused 
gaze). This topological explanation consistent with weak central coherence accounts48,49 and predicts downstream 
deficits in joint attention. On another level, existing research indicates that attention deficits and repetitive behaviors 
share a common underlying impairment.50 In individuals with ASD, compromised topological perception leads to 
a cognitive style characterized by focal attention to local features. This cognitive style may constitute the foundation 
for rigid routines, restricted interests, and repetitive behaviors.51 Reduced sensitivities to environmental changes––such 
as alterations in topological structure––may drive ASD individuals to preferentially engage with highly familiar, non- 
novel stimuli (eg, repetitive patterns), thereby reinforcing stereotyped behaviors. This ultimately results in cognitive 
inflexibility among individuals with ASD.

Figure 5 Pearson Correlations Between Saccadic Indices and Clinical Scales.

Table 3 Pearson Correlation Between Saccadic Indices and 
Clinical Scales

|VStc-onset| |SRTtc-onset| |FFDTtc-onset| ARonset

ABC 0.095 −0.146 0.218 −0.073

SRS 0.25 0.053 0.221 −0.557*

RBS-R 0.305 0.102 0.443* −0.125

Note. *p < 0.05, FDR corrected; | | absolute value. 
Abbreviations: ABC, Autism Behavior Checklist; SRS, Social Responsiveness 
Scale; RBS-R, Repetitive Behavior Scale-Revised; VS, visual search time; SRT, 
saccadic reaction time; FFDT, first fixation dwell time; AR, saccadic accuracy 
rate; tc, topological change.
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Although there is a lack of direct neurocognitive evidence, we propose that these behavioral deficits may stem from 
impaired subcortical pathways in ASD. Subcortical pathways mediate rapid sensory processing52 and motor regulation.53 

The evidence supporting subcortical pathway impairment primarily stems from the following neuroimaging studies: (1) 
Structural and functional abnormalities in the superior colliculus-pulvinar-amygdala pathway have been identified in 
individuals with ASD, characterized by compromised structural integrity54–56 and aberrant functional connectivity.55 (2) 
Animal models (valproic acid induced ASD mice) similarly exhibit synaptic connectivity deficits in this pathway, 
demonstrating cross-species consistency.57,58 Such structure-function coupling abnormalities may underlie the atypical 
gaze patterns observed in ASD (eg, preferential attention to local features). Notably, the subcortical pathway also serves 
as a critical circuit for topological property processing, as topological features selectively activate the superior 
colliculus56,59,60 and anterior temporal lobe.35,61 Therefore, when information processing within these pathways is 
disrupted, children with autism show diminished attentional capture by changes in topological properties and display 
stereotypic behaviors. However, direct causal links between impaired topological perception and clinical symptoms 
require further neuroimaging and electrophysiological studies.

While the majority of research supports the concept of bottom-up attention, there is still considerable debate regarding 
the specific attributes or attribute changes that involuntarily command attention. The theory of attentional capture by the 
abrupt onset of new physical stimuli is widely documented.62 However, this hypothesis is largely congruent with object- 
based attention studies that have not yet provided a precise definition of the perceptual object. Chen’s topological theory 
of perception offers a clear delineation, positing that the emergence of new objects is characterized by a transition from 
“nothing” to “something”, which is indicative of a change in topological properties.32 This representation of a new object 
necessitates attentional resources for processing, leading to a shift or reallocation of attention. In this study, we compared 
the search efficiency of topological changes and abrupt onsets between ASD and TD children, and discovered that both 
stimuli exert equivalent effects on attention. Besides, Pearson analysis revealed a significant positive correlation between 
the TC - nTC and Onset – nTC (see Figure S2 and Figure S3), which supports our hypothesis that both topological 
changes and onsets represent perceptual object manifestations based on topology.

Our study provides novel insights for clinical intervention. We propose a phased intervention approach for ASD 
children: initially implementing basic figure perception training that systematically reinforces global perceptual proces
sing,e.g., perceptual organization tasks63 to ameliorate their excessive focus on local features. The intervention could 
subsequently be advanced by strengthening perceptual biases within social contexts to improve social functioning. 
However, the realization of this intervention model requires both empirical validation through further research and 
interdisciplinary collaboration between researchers and clinicians.

Limitations
This study, while illuminating, also has several limitations. Firstly, although efforts were made to match ASD and TD 
children on age and gender, nonverbal IQ may act as a confounding factor. Future studies should control for nonverbal IQ 
(eg, WISC-V or Raven’s Progressive Matrices), as these may covary with topological perception yet reflect distinct 
mechanisms. Secondly, the participants in this study were primarily Han Chinese from mainland China. Future research 
with larger and more diverse samples across different cultural backgrounds (eg, Westerns) is needed to validate and 
generalize these findings. Thirdly, given the profound heterogeneity of ASD, it remains unclear whether impairments in 
topological perception are a specific feature of the disorder. Future studies should incorporate additional control groups, 
such as individuals with Asperger syndrome, idiopathic language development disorder, and intellectual disability, to 
ascertain the specificity of the current study’s outcomes.

Conclusion
Despite some limitations, we identify topological perception deficits may be a transdiagnostic marker linking low-level 
(attentional capture) and high-level (social/behavioral) ASD features. Targeting these deficits through perceptual training 
may improve both attentional biases and downstream social outcomes. Future work should clarify their neurocognitive 
mechanisms and therapeutic potential.
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