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ABSTRACT

Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by impaired social 
behavior. Emerging evidence indicates that those with ASD exhibit disruption in neural networks 
supporting social behavior. This study investigated group and individual brain differences to identify the 
neural underpinnings of ASD. Resting-state functional magnetic resonance imaging data was obtained 
from the Autism Brain Imaging Data Exchange Initiative to perform whole-brain functional connectivity 
(FC) analysis, comparing ASD-affected brains to brains with typical development. Results showed lower 
FC in the ASD group among the following regions: left superior frontal gyrus, anterior cingulate gyrus, 
right posterior parahippocampal gyrus, left Heschl’s gyrus, right planum polare, left and right precentral 
and right postcentral gyrus, left supracalcarine cortex, cuneus, right occipital pole, and cerebellum regions 
(vermis). These FC values were compared to measures of social behavior (the Social Responsiveness 
Scale (SRS) and the Social Communication Questionnaire (SCQ)). A negative correlation was found 
between the SRS awareness subscale score and connectivity of the right parahippocampal gyrus with 
the superior frontal gyrus, and a positive correlation was found between the SRS Mannerisms subscale 
and connectivity of Heschl’s gyrus with the cerebellar vermis 1 2. Additionally, the SRS Cognition 
and Communication subscale scores were positively correlated to the connectivity of the left Heschl’s 
gyrus with vermis 1 2. These results can be used to understand the neurological basis of ASD and 
determine an objective identification of ASD and the severity of social behavior impairment, leading to 
the development of effective individualized treatments for a better quality of life.

Keywords: Autism Spectrum Disorder; Functional Connectivity; Heterogeneity; Social Behavior; 
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INTRODUCTION

Autism Spectrum Disorder (ASD) has a prevalence 
of about 1% globally (1–3). ASD is a group of 
neurodevelopmental disorders characterized by impair-
ments in social communication, restrictive behaviors, 
and sensory processing abnormalities (4–18). These 
symptoms significantly affect educational, medical, and 
social outcomes (19–20). Earlier intervention can alter 
these numbers for a more positive life outlook; for this, an 
earlier and more accurate diagnosis must be facilitated (7).



Functional Connectivity and Social Deficits in ASD

March 2026    Vol. 4 No. 2    American Journal of Student Research    www.ajosr.org 76

Current ASD diagnosis relies on standardized 
behavioral assessments such as ADOS-2 and ADI-R 
(7, 21–22). However, these tools are limited when the 
examiner is not the primary diagnostician or the child 
has comorbidity with attention deficit hyperactivity 
disorder (ADHD) (23–24). These limitations may delay 
early diagnosis, highlighting the need for objective 
neurobiological biomarkers (25–26).

Focusing on the comparatively less explored 
underlying neurophysiological mechanisms can pave the 
way to identify biomarkers that enhance understanding 
of the causes of ASD, facilitating earlier and more 
precise diagnosis and intervention (7). Currently, though, 
most brain network studies in ASD have been limited 
to adults, though identifying neural abnormalities in 
childhood would be more meaningful (27). Therefore, 
this study aims to examine the underlying neural 
mechanisms of ASD earlier in life that are less prone 
to subjective limitations of the existing ASD diagnostic 
paradigm. 

Resting-state functional magnetic resonance 
imaging (rs-fMRI) is an ideal measurement of neural 
connectivity for determining the neural circuitry 
of ASD. rs-fMRI can be obtained in 5-6 minutes, 
independent of task interpretation, while the participant 
lies still in the scanner, which is ideal for individuals 
with ASD with a wide range of cognitive abilities (7). It 
reveals the functional connectivity (FC) of brain regions, 
providing insight into the large-scale organization of 
the typical and atypical brain for comparison, which 
is ideal since recent studies have reached a universal 
agreement that ASD is associated with alterations in 
brain FC, including hypo-connectivity and hyper-
connectivity (28). Though previous studies utilizing 
functional magnetic resonance imaging (fMRI) have 
not identified an objective biomarker of ASD, general 
trends have been identified (28).

Recent fMRI has demonstrated a consistent pattern 
of abnormal FC in those with ASD, including both hyper 
(enhanced) and hypo (diminished) connectivity (28). 
Typically, studies have found that children with ASD 
show hypoconnectivity while adolescents and adults 
with ASD demonstrate hyperconnectivity (29).   More 
specifically, a systematic review and meta-analysis on 
task-based fMRI studies and a separate study found 
that the most reliable finding was a disturbance to the 
function of social brain regions in those with ASD (6, 
30). The social brain includes prefrontal, temporal, 
limbic, and parietal regions implicated in social cognition 
(31–36) (Figure 1). 

In children with ASD, the social brain has been shown 
to have reduced connectivity with the postcentral gyrus, 
precentral gyrus, supplementary motor area, paracentral 
lobule, medial cingulum cortex, and paracingulum 
gyri (37). Additionally, the FC of the amygdala is often 
disrupted in children with ASD, possibly leading to 
social behavior deficits (38). Similarly, the right fusiform 
gyrus and hippocampus have been shown to have 
reduced connectivity in children with ASD, which is also 
negatively correlated to ADOS severity scores (39).

There are also a considerable number of studies using 
the Autism Brain Imaging Data Exchange (ABIDE) to 
investigate functional connectivity disruptions in those 
with ASD. Prior ABIDE-based research has identified 
widespread connectivity alterations across cerebellar, 
temporal, and frontal regions (40–42). However, specific 
regions vary by study, as many of these investigations 
have focused on region-specific analyses. For example, 
two studies report aberrant FC between the cerebellum 
and cerebrum in individuals with ASD, including 
aforementioned regions such as the right fusiform gyrus, 
right superior temporal gyrus, left middle temporal 
gyrus, and inferior frontal gyrus, but also other novel 
regions, including the supramarginal gyrus and inferior 
parietal lobule. Anticorrelation has also been found 
between posterior and anterior regions of the brain 
with ASD, specifically within the paracingulate gyrus, 

Figure 1. Sagittal cut and lateral view of the brain 
depicting social brain regions. mPFC, medial prefrontal 
cortex; vPFC, ventromedial prefrontal cortex; AMY, 
amygdala; AHP, anterior hippocampus; PCC, posterior 
cingulate cortex; PCU, precuneus; IFG, inferior frontal 
gyrus; AI, anterior insula; ATL, anterior temporal 
lobe; PSTS, posterior superior temporal sulcus; SSC, 
somatosensory cortex; IPC, intraparietal cortex; TPJ, 
temporal parietal junction. (Created with BioRender.com)
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supramarginal gyrus, and middle temporal gyrus (42). 
In contrast to previous findings, however, another study 
reported limited FC differences in the somatosensory 
cortex (43).

Together, these results, both utilizing the ABIDE 
dataset and not, demonstrate that, despite a considerable 
body of knowledge and availability of a comprehensive 
database, though there are some overarching patterns in 
FC differences, the underlying neuromechanics of ASD 
have yet to be understood, and a biomarker has yet to 
be identified. There are most likely three reasons for 
this: (1) resting state studies each often only target a few 
regions at a time; (2) most studies do not account for the 
heterogeneity of ASD; and (3) research on youth with 
ASD is lacking in comparison to adults (27). With each 
study only examining a few regions at a time (e.g., only 
the cerebellum or only the somatosensory cortex, as seen 
in the aforementioned studies using the ABIDE dataset), 
it has provided a limited understanding of the full picture. 
Additionally, most studies focus on group differences 
using a traditional case-control approach, providing an 
understanding of only an average ASD patient. This 
leads to a failure to address the full heterogeneity seen 
on the spectrum despite the fact that understanding 
individual brain differences would be very helpful in 
widening understanding of the common neurological 
base of ASD alongside clinically heterogeneous 
symptoms (28, 44–45). Even studies that do compare FC 
disruptions to behavioral measures often focus on overall 
ASD symptomology or predefined brain regions, rather 
than a specific symptom category or the whole brain, 
which would be more helpful and allow for more detailed 
mapping. One such study using the ABIDE database was 
found showing specific correlations between cerebral 
FC and motor, executive, and socio-communicative 
functions (42). Similarly, a second ABIDE study found 
a relationship between social responsiveness and regions 
involved in the social preference of individuals with 
ASD (46). However, both these studies are limited by the 
fact that their results have not been reproduced, and they 
focus on predefined regions of the brain. 

This study addresses the aforementioned gaps by 
examining adolescents (ages 12.1–16.9 years) using 
whole-brain functional connectivity (FC) analysis to 
(1) identify FC deficits in ASD through case-control 
comparison and (2) examine associations between FC 
alterations and social behavioral measures. This study 
hypothesized that regions implicated in social behavior, 
sensory processing, emotional regulation, attention, and 
behavioral control would exhibit hypoconnectivity in 

ASD relative to typically developing (TD) controls, and 
that reduced connectivity would correlate with greater 
social impairment severity. Resting-state fMRI data 
from the ABIDE I dataset were used to perform a whole-
brain between-subjects contrast (TD > ASD). Significant 
functional connectivity values were then correlated 
with Social Communication Questionnaire (SCQ) and 
Social Responsiveness Scale (SRS) scores to assess 
heterogeneity. By integrating whole-brain FC analysis 
with behavioral measures, this study aims to clarify the 
neural basis of social deficits in ASD and advance the 
identification of potential FC-based biomarkers.

METHODS AND MATERIALS

Participants and Data Source
As seen in Table 1, this study considers the data of 

thirty-five participants (ages 12.1-16.9 years), obtained 
from the ABIDE I database, The University of Leuven: 
Sample 2 (47). There are fifteen individuals with ASD, 
ages 12.1-16.8 years, and twenty individuals with 
typical development, ages 12.2-16.9 years (47). The 
sample comprised 23% females. The phenotypic and 
neuroimaging data of all thirty-five participants was 
used in the analysis, as there was no missing data or 
outliers. In the sample, the conserved exclusion criteria 
for both groups included the presence of a chronic 

Table 1. Clinical information for all participants. 

Characteristic

Mean ± SD
Autism Spectrum 

Disorder
(n = 15)

Typical 
Development

(n = 20)
Age at Scan 13.92 ± 1.311 14.34 ± 1.509
Verbal IQ 88.467 ± 20.262 114.7 ± 12.162
Performance IQ 100.2 ± 14.428 106.6 ± 8.281
SCQ Total 20.2 ± 8.728 3.65 ± 4.056
SRS Raw Total 91.067 ± 34.079 18.65 ± 14.737
SRS Awareness 11.067 ± 3.788 4.2 ± 3.019
SRS Cognition 17.333 ± 7.49 3.35 ± 3.281
SRS Communication 29.333 ± 12.827 5.4 ± 5.471
SRS Motivation 17.533 ± 6.978 3.6 ± 3.169
SRS Mannerisms 15.6 ± 6.345 2.35 ± 2.254
SRS = Social Responsiveness Scale; SCQ = Social Communi-
cation Questionnaire; SD = Standard Deviation.
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medical illness, a metabolic disorder, or an abnormal 
conventional magnetic resonance imaging (MRI) or 
neurological examination. Participants in the ASD group 
were excluded if their ASD was associated with a genetic 
syndrome. Individuals in the ASD group were selected 
from a clinical sample of children with a previous 
diagnosis of ASD determined by a professionally 
accredited team based on the Diagnostic and Statistical 
Manual of Mental Disorders, Fourth Edition, Text 
Revision (DSM-IV-TR) criteria. Additionally, they had 
raw scores equal to or greater than 15 on the Social 
Communication Questionnaire (SCQ) and above 60 on 
the Social Responsiveness scale (SRS). The individuals 
in the TD group had no neurological or psychiatric 
diagnosis presently or in the past. Additionally, they 
reported no language problems.

Assessments 
Verbal and personal IQ was calculated with an 

abbreviated version of the Dutch Wechsler Intelligence 
Scale for Children, Third Edition (48); handedness 
with the Dutch version of the Oldfield Handedness 
Questionnaire (49). The principal caregivers of all 
participants also completed the Social Communication 
Questionnaire (SCQ) and Social Responsiveness Scale 
(SRS) to confirm their placement in their corresponding 
group. The SCQ is a 40-item screening tool for ASD 
to evaluate typical behavioral symptomologies of ASD 
(50, 51). The SRS is also a screening tool for ASD, 
with 65 questions in total and 5 subscales of  Restricted 

Interests and Repetitive Behavior (Mannerisms),   Social 
Awareness, Social Cognition, Social Communication, 
and Social Motivation (52). 

Scan Acquisition
Participants were first trained before the scan session. 

Anatomical and rs-fMRI scans were obtained on a 3.0 
Tesla Philips MR scanner (Best, The Netherlands) with 
an 8-channel phased-array head coil. Data was shared in 
the ABIDE I database regardless of movement/quality, 
and this study found no missing or abnormal data.

Preprocessing
All scan data was preprocessed before acquisition 

by the ABIDE Preprocessing Initiative. Briefly, this 
included motion correction, smoothing, skull stripping, 
high pass temporal filtering ( 0.01 - 0.1 Hz), nuisance 
signal removal, registering it to the standard Montreal 
Neurological Institute space (MNI-space), etc. Speci-
fic details can be found here (http://preprocessed-
connectomes-project.org/abide/Pipelines.html) (53). Fo-
llowing preprocessing, resting state data was analyzed 
using the Functional Connectivity Toolbox (CONN 
toolbox). 

Processing + Analysis
As indicated in Figure 2, resting state analysis 

was performed in the CONN toolbox, CONN: RRID 
SCR_009550, release 22 and SPM release 12.7771, a 
Matlab-based functional connectivity toolbox (54–56).

Figure 2. A Schematic representation of analysis steps. BOLD, blood oxygen level-dependent; CSF, cerebrospinal fluid; 
fMRI, functional magnetic resonance imaging; ROI, region of interest.



Functional Connectivity and Social Deficits in ASD

March 2026    Vol. 4 No. 2    American Journal of Student Research    www.ajosr.org 79

First, the functional acquisitions were prepared 
for analysis using the CONN toolbox preprocessing 
pipeline, with the following steps: motion correction, 
slice-timing correction, outlier detection, centering to 
(0,0,0) coordinates through translation, spatial smoothing 
with 8mm full-width half-maximum Gaussian kernel, 
and MNI-space normalization. The structural data 
was segmented (gray, white, cerebrospinal fluid), and 
normalized into MNI-space. More information can be 
found here: (https://web.conn-toolbox.org/fmri-methods/
preprocessing-pipeline) (57).

Second, the setup pipeline computed the following 
steps: (1) imported data was checked for completeness 
(2) structural data was segmented into gray, white, and 
cerebrospinal fluid (CSF) tissue estimation (3) Conn 
imported conditions/covariates (4) Conn imported 
functional data (5) Conn imported region of interest 
(ROI) data (6) ROI data consistency was validated across 
all subjects (7) denoising variables for the next step were 
updated. 

In addition, functional data were denoised using a 
standard denoising pipeline (58) including the regression 
of potential confounding effects characterized by white 
matter timeseries (5 CompCor noise components), CSF 
timeseries (5 CompCor noise components), session 
effects, and their first order derivatives (2 factors), and 
linear trends (2 factors) within each functional run, 
followed by bandpass frequency filtering of the Blood-
Oxygen-Level-Dependent (BOLD) time series (59) 
between 0.008 Hz and 0.09 Hz. CompCor (60–61) noise 
components within white matter and CSF were estimated 
by computing the average BOLD signal as well as the 
largest principal components orthogonal to the BOLD 
average within each subject’s eroded segmentation 
masks. From the number of noise terms included in this 
denoising strategy, the effective degrees of freedom of 
the BOLD signal after denoising were estimated to range 
from 64.2 to 64.2 (average 64.2) across all subjects (62). 
Details can be found here (https://web.conn-toolbox.org/
fmri-methods/denoising-pipeline) (58).

In the first-level analysis SBC_01, seed-based 
connectivity maps (SBC) and ROI-to-ROI connectivity 
matrices (RRC) were estimated characterizing the 
patterns of functional connectivity with 164 HPC-ICA 
networks (56), and Harvard-Oxford atlas ROIs (63). 
Functional connectivity strength was represented by 
Fisher-transformed bivariate correlation coefficients 
from a weighted general linear model (weighted-GLM) 
(61), defined separately for each pair of seed and target 
areas, modeling the association between their BOLD 

signal time series. In order to compensate for possible 
transient magnetization effects at the beginning of each 
run, individual scans were weighted by a step function 
convolved with an SPM canonical hemodynamic 
response function and rectified.

Group-level analyses were performed using a 
General Linear Model (GLM) (64). For each individual 
voxel, a separate GLM was estimated, with first-level 
connectivity measures at this voxel as dependent 
variables (one independent sample per subject and one 
measurement per task or experimental condition, if 
applicable), and groups or other subject-level identifiers 
as independent variables. Voxel-level hypotheses were 
evaluated using multivariate parametric statistics with 
random effects across subjects and sample covariance 
estimation across multiple measurements. Inferences 
were performed at the level of individual clusters (groups 
of contiguous voxels). Cluster-level inferences were 
based on parametric statistics from Gaussian Random 
Field theory (65–66). Results were thresholded using a 
combination of a cluster-forming probability < 0.001 (p < 
0.001) voxel-level threshold, and a familywise corrected 
positive false discovery rate < 0.05 (p-FDR < 0.05) 
cluster-size threshold (67).

Using this data from the group analysis, a full brain 
ROI-to-ROI analysis was performed. Since adolescents 
with ASD often exhibit hypoconnectivity (29), a 
between-subjects contrast was applied to look for when 
the connectivity between two seeds in the TD group was 
greater than that in the ASD group (TD >ASD) with p < 
0.05 significance threshold, FDR-corrected.

In a follow-up analysis, the connectivity values of 
the previously identified regions of the between-subjects 
contrast were extracted for each participant in the ASD 
group to explore whether any of these connections could 
serve as biomarkers of heterogeneity. Pearson product-
moment correlations were computed, and the individual 
connectivity values for each region were compared to 
the individuals’ scores on the SRS subscales and SCQ 
with and without age as a covariate, considering its effect 
on an adolescent’s rapidly developing brain (34). This 
required comparing the FC value of each connection 
from the results of the group analysis to the total score 
of the SCQ and subscales scores of the SRS (Social 
Awareness, Social Cognition, Social Communication, 
Social Motivation, and Restricted Interests and 
Repetitive Behavior). A threshold of Pearson’s r value 
< 0.4 was considered too weak to be discussed, a value 
of 0.8 > r ≥ 0.4 was moderately strong, and 1 > r ≥ 0.8 
was a strong correlation. Only p-values <0.05 were 
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considered significant. All statistical analyses were 
performed in JASP, version 0.18.3.0 (JASP Team, 2024). 

RESULTS

The full-brain group-level analysis and between-
subjects contrast (TD > ASD) yielded numerous results; 
this paper focuses on significant findings as shown in 
Table 2 and Figure 3. The data of all 35 participants was 
used throughout each stage of analysis without issue– no 
outliers or missing data was found, nor was data imputed.

Functional Connectivity in ASD v. TD  
The whole-brain between-subjects contrast (TD > 

ASD) was conducted on the information that children with 
ASD exhibit hypoconnectivity compared to those with 
typical development (Uddin et al., 2013). Our analysis 
revealed weakened FC between the following regions: 
right occipital pole and right posterior supramarginal 
gyrus (T(33) = 4.09, pFDR = 0.04); vermis 7 and right 
planum polare (T(33) = 4.21, pFDR = 0.03); vermis 1 2 
and left Heschl’s gyrus (T(33) = 4.25, pFDR = 0.27); right 
posterior parahippocampal gyrus and left paracingulate 
gyrus (T(33) = 3.63, pFDR = 0.04), left superior frontal 
gyrus (T(33) = 3.54, pFDR = 0.04), anterior cingulate 
gyrus (T(33) = 3.66  pFDR = 0.04), right precentral gyrus 
(T(33) = 3.74, pFDR = 0.04), left precentral gyrus (T(33) = 
3.23, pFDR = 0.05), right postcentral gyrus (T(33) = 3.28, 
pFDR = 0.05), left supracalcarine cortex (T(33) = 3.53, 

Table 2. Significant results from a whole-brain between-subjects contrast (TD >ASD)
Harvard-Oxford Atlas Regions

Statistic p-unc p-FDR
Seed ROI Target ROI

   right posterior supramarginal gyrus right occipital pole T(33) = 4.09 0.0003 0.04
   right planum polare cerebellar vermis 7 T(33) = 4.21 0.0002 0.03
   left Heschl’s gyrus cerebellar vermis 1 2 T(33) = 4.25 0.0002 0.03
   right posterior parahippocampal gyrus left superior frontal gyrus T(33) = 3.54 0.0012 0.04

right postcentral gyrus T(33) = 3.28 0.002 0.05
anterior cingulate gyrus T(33) = 3.66 0.0009 0.04
left paracingulate gyrus T(33) = 3.63 0.0009 0.04
left supracalcarine cortex T(33) = 3.53 0.001 0.04
left cuneal cortex T(33) = 3.19 0.003 0.05
right cuneal cortex T(33) = 3.25 0.003 0.05
left precentral gyrus T(33) = 3.23 0.003 0.05
right precentral gyrus T(33) = 3.74 0.0007 0.04

Figure 3. Four 3-dimensional depictions of significant 
connections from a whole-brain between-subjects contrast 
(TD >ASD). Each image has a different seed region in 
black. A = left Heschl’s gyrus; B = vermis 7; C = right 
planum polare; D = vermis 1 2; E = right posterior 
parahippocampal gyrus; F = left cuneal cortex; G = 
right cuneal cortex; H = right postcentral gyrus; I = 
right precentral gyrus; J = left precentral gyrus; K = left 
superior frontal gyrus; L = anterior cingulate gyrus; M = 
left paracingulate gyrus; N = left supracalcarine cortex; O 
= right posterior supramarginal gyrus; P = right occipital 
pole.
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pFDR = 0.04), left cuneal cortex (T(33) = 3.19, pFDR = 
0.05), and right cuneal cortex (T(33) = 3.25, pFDR = 0.05) 
It should also be mentioned that the correlations between 
all mentioned region pairs were strongly positively 
connected except for the left paracingulate gyrus and right 
posterior parahippocampal gyrus which exhibited strong 
negative correlation connectivity. 

Correlations between Social Behavior Assessment 
Scores and Individual FC Measures   

Because these connections were shown to be weakened 
in ASD, and therefore a differentiator of an ASD-affected 
brain from a TD brain, they were then utilized in a 
follow-up analysis to understand whether they could also 
be predictive of the heterogeneity of ASD, specifically 
looking at the severity of symptomatology. The individual 
connectivity values from the results of the contrast were 
compared to individuals’ total scores on the Social 
Communication Questionnaire and subscales scores on 
the Social Responsiveness Scale (Mannerisms, Social 
Awareness, Social Cognition, Social Communication, 
and Social Motivation) to explore the correlation 
between the connectivity strength of these regions and 

symptom severity for those with ASD. Additionally, 
age was factored in as a covariate, considering its 
effect on an adolescent’s rapidly developing brain (34). 
Numerical results are shown in Tables 3 and 4 with 
graphical representations in Figure 4. Supporting the 
secondary hypothesis, a significant negative correlation 
was found between the SRS Awareness subscale score 
and connectivity of the right posterior parahippocampal 
gyrus with the left superior frontal gyrus (r(35) = -0.58, 
p < 0.05); also, a positive correlation was identified 
between the SRS Mannerisms score and connectivity of 
the left Heschl’s gyrus with vermis 1 2 (r(35) = 0.683, p < 
0.01). Without age as a covariate, the positive correlation 
between the SRS Mannerisms score and connectivity of 
the left Heschl’s gyrus with vermis 1 2 was identified to 
be stronger (r(35) = 0.719, p < 0.01). Additionally, without 
age as a covariate, two new positive correlations were 
found: (1) the SRS Cognition score and connectivity of 
the left Heschl’s gyrus with vermis 1 2 (r(35) = 0.557, 
p < 0.05) and (2) the SRS Communication score and 
connectivity of the left Heschl’s gyrus with vermis 1 2 
(r(35) = 0.537, p < 0.05).  

Table 3. Results from Pearson product-moment correlations, comparing individual connectivity values from the 
results of the between-subjects contrast to individuals’ total scores on the Social Communication Questionnaire 
(SCQ) and subscales scores on the Social Communication Questionnaire (SRS) without age as a covariate. 

Pearson Product-moment Correlations Comparing Individual Connectivity to 
individuals’ Scores on Behavioral Assessments without Age as a Covariate

Functional Connectivity 
between Regions

SRS Awareness SRS Cognition SRS Communication
Pearson’s r p value Pearson’s r p value Pearson’s r p value

pSMG r and OP r -0.186 0.506 -0.189 0.499 -0.168 0.549
PP r and Ver7 -0.156 0.578 -0.316 0.251 -0.399 0.141
HG 1 and Ver12 0.432 0.108 0.557* 0.031 0.537* 0.039
pPaHC r and sFG1 -0.389 0.152 -0.139 0.622 -0.139 0.621
pPaHC r and PostCG r 0.054 0.849 0.154 0.584 0.238 0.393
pPaHC r and aCG r 0.091 0.747 0.414 0.125 0.359 0.189
pPaHC r and PCG 1 -0.374 0.170 -0.259 0.352 -0.204 0.466
pPaHC r and SCC 1 0.077 0.784 0.190 0.498 0.222 0.427
pPaHC r and CC 1 0.251 0.368 0.161 0.566 0.240 0.388
pPaHC r and CC r 0.423 0.117 0.307 0.266 0.307 0.266
pPaHC r and PreCG r 0.062 0.827 0.176 0.531 0.234 0.402
pPaHC r and PreCG 1 0.226 0.418 0.342 0.212 0.428 0.112
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Continued Table 3. Results from Pearson product-moment correlations, comparing individual connectivity values from 
the results of the between-subjects contrast to individuals’ total scores on the Social Communication Questionnaire 
(SCQ) and subscales scores on the Social Communication Questionnaire (SRS) without age as a covariate. 

Functional Connectivity 
between Regions

SRS Motivation SRS Mannerisms SCQ Total
Pearson’s r p value Pearson’s r p value Pearson’s r p value

pSMG r and OP r -0.341 0.214 -0.053 0.851 0.120 0.670
PP r and Ver7 -0.330 0.229 -0.345 0.208 -0.283 0.307
HG 1 and Ver12 0.164 0.560 0.719** 0.003 0.213 0.446
pPaHC r and sFG1 -0.225 0.420 -0.240 0.389 -0.035 0.9902
pPaHC r and PostCG r 0.031 0.913 0.077 0.786 -0.098 0.727
pPaHC r and aCG r 0.346 0.207 0.477 0.072 0.298 0.281
pPaHC r and PCG 1 -0.141 0.617 -0.259 0.352 0.331 0.228
pPaHC r and SCC 1 0.258 0.353 0.233 0.404 0.126 0.654
pPaHC r and CC 1 -0.026 0.927 0.368 0.177 0.088 0.755
pPaHC r and CC r 0.239 0.390 0.437 0.103 -0.089 0.753
pPaHC r and PreCG r 0.033 0.908 0.169 0.548 0.012 0.965
pPaHC r and PreCG 1 0.141 0.616 0.358 0.190 0.063 0.824

pSMG r = right posterior supramarginal gyrus; OP r = right occipital pole; PP r = right planum polare; Ver7 = 
vermis 7; HG l = left Heschl’s gyrus; Ver12 = vermis 1 2; pPaHC r = right posterior parahippocampal gyrus; sFG l 
= left superior frontal gyrus; PostCG r = right postcentral gyrus; aCG r = right anterior cingulate gyrus; PCG l = 
left paracingulate gyrus; SCC l = left supracalcarine cortex; CC l = left cuneal cortex; CC r = right cuneal cortex; 
PreCG r = right precentral gyrus; PreCG l = left precentral gyrus. *p < 0.05, **p < 0.01, ***p < 0.001.

Table 4. Results from Pearson product-moment correlations, comparing individual connectivity values from the 
results of the between-subjects contrast to individuals’ total scores on the Social Communication Questionnaire 
(SCQ) and subscales scores on the Social Communication Questionnaire (SRS) with age as a covariate. 

Pearson Product-moment Correlations Comparing Individual Connectivity to 
individuals’ Scores on Behavioral Assessments with Age as a Covariate

Functional Connectivity 
between Regions

SRS Awareness SRS Cognition SRS Communication
Pearson’s r p value Pearson’s r p value Pearson’s r p value

pSMGrand OP r -0.193 0.508 -0.209 0.472 -0.187 0.522
PP r and Ver7 -0.042 0.887 -0.188 0.520 -0.286 0.321
HG 1 and Ver12 0.305 0.289 0.406 0.150 0.371 0.191
pPaHC r and sFG 1 -0.58* 0.030 -0.374 0.187 -0.389 0.170
pPaHC r and PostCG r -0.128 0.662 -0.086 0.769 0.011 0.970
pPaHC r and aCG r 0.074 0.802 0.448 0.108 0.388 0.170
pPaHC r and PCG1 -0.272 0.348 -0.085 0.774 -0.006 0.984
pPaHC r and SCC 1 0.011 0.971 0.116 0.693 0.152 0.605
pPaHC r and CC 1 0.189 0.519 0.062 0.834 0.154 0.600
pPaHC r and CC r 0.369 0.194 0.220 0.449 0.217 0.455
pPaHC r and PreCG r -0.072 0.806 0.006 0.983 0.071 0.811
pPaHC r and PreCG 1 0.020 0.947 0.075 0.800 0.182 0.533
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Continued Table 4. Results from Pearson product-moment correlations, comparing individual connectivity values from 
the results of the between-subjects contrast to individuals’ total scores on the Social Communication Questionnaire 
(SCQ) and subscales scores on the Social Communication Questionnaire (SRS) with age as a covariate.

Functional Connectivity 
between Regions

SRS Motivation SRS Mannerisms SCQ Total
Pearson’s r p value Pearson’s r p value Pearson’s r p value

pSMGrand OP r -0.340 0.234 -0.049 0.868 0.123 0.674
PP r and Ver7 -0.316 0.271 -0.272 0.346 -0.259 0.371
HG 1 and Ver12 0.131 0.654 0.683** 0.007 0.176 0.546
pPaHC r and sFG 1 -0.273 0.345 -0.377 0.184 -0.078 0.790
pPaHC r and PostCG r -0.014 0.963 -0.066 0.822 -0.167 0.567
pPaHC r and aCG r 0.342 0.231 0.483 0.080 0.293 0.309
pPaHC r and PCG1 -0.112 0.704 -0.162 0.580 0.408 0.147
pPaHC r and SCC 1 0.245 0.398 0.189 0.517 0.107 0.716
pPaHC r and CC 1 -0.049 0.869 0.326 0.256 0.064 0.827
pPaHC r and CC r 0.222 0.445 0.393 0.165 -0.123 0.676
pPaHC r and PreCG r -9.824 × 10-4 0.997 0.073 0.804 -0.030 0.919
pPaHC r and PreCG 1 0.102 0.728 0.232 0.425 -0.006 0.098

pSMG r = right posterior supramarginal gyrus; OP r = right occipital pole; PP r = right planum polare; Ver7 = 
vermis 7; HG l = left Heschl’s gyrus; Ver12 = vermis 1 2; pPaHC r = right posterior parahippocampal gyrus; sFG l 
= left superior frontal gyrus; PostCG r = right postcentral gyrus; aCG r = right anterior cingulate gyrus; PCG l = 
left paracingulate gyrus; SCC l = left supracalcarine cortex; CC l = left cuneal cortex; CC r = right cuneal cortex; 
PreCG r = right precentral gyrus; PreCG l = left precentral gyrus. * p < 0.05, ** p < 0.01, ***p < 0.001.

Figure 4. Scatterplots A-D visually 
represent the significant Pearson 
product-moment correlations from 
comparing individual connectivity 
values from the results of the 
between-subjects contrast to indi-
viduals’ total scores on the Social 
behavioral assessments. Graphs A 
and B shows positive correlations 
when age was not included as a 
covariate between the connectivity 
of the left Heschl’s gyrus with 
vermis 1 2 and SRS subscale 
scores of Cognition (r(35) = 0.557, 
p < 0.05) and Communication 
(r(35) = 0.537, p < 0.05). Graph C 
demonstrates a positive correlation 
between the connectivity of the left 
Heschl’s gyrus with vermis 1 2 and 
SRS Mannerisms score regardless 
of whether age was(r(35) = 0.683, 
p < 0.01) or was not (r(35) = 0.719, 
p < 0.01) included as a covariate. Finally, graph D shows a significant negative correlation between the SRS Awareness 
subscale score and connectivity of the right posterior parahippocampal gyrus with the left superior frontal gyrus (r(35) = 
-0.58, p < 0.05). HG l = left Heschl’s gyrus; Ver12 = vermis 1 2; pPaHC r = right posterior parahippocampal gyrus; sFG l = 
left superior frontal gyrus; SRS = Social Responsiveness Scale.
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DISCUSSION

This study examines a young population, conducting 
a whole-brain FC analysis with two objectives: first, 
identify deficits in FC in those with ASD with a 
traditional case-control analysis and second, appreciate 
the heterogeneity of ASD by comparing deficits in FC to 
scores on behavioral measures of social communication 
to investigate whether the FC irregularities can implicate 
the severity of social behavior difficulties in individuals 
with ASD. The hypothesis was that regions involved 
in aspects of social behavior, sensory sensitivity and 
integration, emotional processing, attention, and behavior 
inhibition would display interhypoconnectivity compared 
to a TD brain and that the FC of regions shown to have 
lower FC in those with ASD would be directly related 
to the severity of behavioral challenges experienced by 
those with ASD as measured by established behavioral 
assessments of social communication, awareness, 
cognition, motivation, and behavior. Evidence was found 
supporting both hypotheses.

The initial between-subjects contrast (TD > ASD) 
supported the first hypothesis by revealing significant 
hypoconnectivity between various brain regions in the 
ASD group, many of which are involved in aspects of 
social behavior, sensory sensitivity and integration, 
emotional processing, attention, and behavior inhibition. 
Specifically, the planum polare is located in the anterior 
temporal lobe, and the postcentral gyrus contains the 
primary somatosensory cortex, making them both a 
part of the social brain (33, 36, 68, 69). This supports 
past research indicating that individuals with ASD most 
commonly experience disruption to regions within their 
social brain (6, 30).

Also the result of hypoconnectivity between the 
vermis 1 2 (Ver 12) and the left Heschl’s gyrus (HG l) was 
found in the ASD group. The HG is a part of the auditory 
cortex, involved in verbal language processing (70–73). 
The vermis is a region of the cerebellum involved in 
a variety of functions, including motor coordination 
in response to environmental stimuli (74), affective 
behavior (75), and emotional expression (76). In fact, 
abnormalities of the vermis lead to the least favorable 
outcomes for those with ASD, including pervasive 
developmental disorder and social deficits (77). The 
vermis has not been shown to have reduced connectivity 
with the HG in past literature, but these results support 
the first hypothesis. There was also a positive correlation 
found between the strength of this connectivity and 
individuals’ scores on the social Mannerisms, Cognition, 

and Awareness subscales of the SRS. Though results 
varied with the inclusion of age as a covariate, they imply 
that the stronger the connection between the HG l and 
Ver 12, the more difficulties individuals with ASD face in 
patterns of restricted and repetitive behaviors, as well as 
social cognition and awareness. This might not support 
the secondary hypothesis directly, but gives insight into 
the neural network of ASD and has the potential to serve 
as a biomarker of heterogeneity.

In this study, the right posterior parahippocampal 
gyrus (pPaHC r) exhibited hypoconnectivity with 
a variety of regions in the ASD group.  The pPaHC 
is a region involved in connecting social context to 
understanding the emotions/tone of others (ex. sarcasm) 
(78–79). Additionally, it has been shown to be critical 
in visuospatial processing (70–86). Hypoconnectivity 
between any region and the pPaHC could therefore 
likely result in social interaction difficulties. In fact, 
the intensity of hypoconnectivity between the pPaHC 
r and left superior frontal gyrus (sFG l) was negatively 
correlated with the SRS social awareness subscale 
score when age was factored in as a covariate. A higher 
score on the subscale indicates greater difficulties in 
social awareness, so this negative correlation indicates 
that the strength of connectivity between the sFG l 
and pPaHC r is directly related to the severity of social 
awareness challenges in those with ASD. It should also 
be mentioned that, contrary to these results, a past study 
found heightened FC of the pPaHC; the discrepancy can 
be attributed to their older sample age and that their 
result highlights the full pPaHC rather than just the 
posterior division. 

Overall, all the regions identified in the between-
subjects contrast support the first hypothesis as they have 
involvement in social behavior, sensory sensitivity and 
integration, emotional processing, attention, and behavior 
inhibition. These results shed light on the homogenous 
neural underpinnings of ASD, aligning with past 
research showing that individuals with ASD experience 
disruptions to the function of social brain regions (6, 
30). However, in past studies, these disruptions have 
been inconsistent due to the heterogeneity of individuals 
with ASD in each sample (7), leading to an incomplete 
understanding of the neural correlates of ASD and 
posing a barrier to identifying a diagnostic biomarker. 

In this study, results directly correlating the strength 
FC of the pPaHC r and sFG l to behavioral measures 
support the second hypothesis, while the correlation 
between behavioral measures and the strength of FC 
between the HG and Ver 12 partially supports the 
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secondary hypothesis. These results provide insight into 
the heterogeneous neurological underpinnings of ASD, 
which can address the aforementioned inconsistencies 
seen in findings of past studies.

Moreover, the results could aid in the identification of 
biomarkers of ASD and biomarkers of heterogeneity of 
ASD, specifically for the severity of symptoms. Such an 
implication would allow for identified regions to be used 
as an objective diagnostic method for ASD, especially 
considering that the analysis of resting state fMRI has 
no subjectivity involved, like typically used behavioral 
assessments do. Whether understanding the neurological 
underpinnings of ASD or identification of biomarkers, 
these results can be augmented for the identification of 
ASD at earlier ages, and also measure the severity of 
symptoms to create individualized treatment plans that 
appreciate the heterogeneity of the spectrum and lead to 
better life stability outcomes. 

Before this is achieved, more research needs to be 
conducted using the approach herein, continuing this 
pattern of analysis (whole-brain analysis and considering 
heterogeneity) with larger, more diverse samples. The 
sample used in this study was majority male, and though 
ASD is more prevalent in the male population, it is 
critical to conduct research that takes into account the 
effect that sex can have on the disorder to facilitate better 
and universal treatment plans. Additionally, to facilitate 
earlier diagnosis, even younger populations should be 
studied to characterize neural abnormalities near the age 
of 1, which is typically when behavioral measures are 
also used. Therefore, future recommendations include 
a larger sample size, with more females and younger 
subjects, continuing whole-brain analysis to obtain a 
comprehensive understanding of ASD neural changes, 
and considering heterogeneity in biomarker studies of 
ASD.

CONCLUSION

This study’s purpose was to illuminate the neural 
underpinnings of ASD and its heterogeneity. This 
was accomplished through the analysis of functional 
connectivity and its comparison to social behavior 
measures. 

Initial analysis of resting state fMRI data revealed 
significant hypoconnectivity between various brain 
regions in the ASD group that were not present in the 
TD group. Many of these regions are involved in social 
behavior, sensory sensitivity and integration, emotional 
processing, attention, and behavior inhibition, shedding 

light on the homogenous neural underpinnings of ASD. 
This aligns with past research showing a general trend 
of disruptions to the function of social brain regions 
in individuals with ASD, though specific regions 
are difficult to pinpoint due to the diverse nature of 
symptomology in the spectrum. This study paved a path 
to alleviate this issue by comparing individuals’ social 
behavior measure scores, representing the diversity of 
symptomology, to their functional connectivity values. 
Results correlating the strength FC of the pPaHC r and 
sFG l to behavioral measures provide insight into the 
heterogeneous neurological underpinnings of ASD, 
helping explain inconsistencies seen in findings on the 
common neural dysfunctions in individuals with ASD.

Future studies should maintain this pattern of whole-
brain analysis to obtain a comprehensive understanding 
of ASD neural changes and consider heterogeneity in 
biomarker studies of ASD. Additionally, larger samples 
with more females and younger subjects are needed, 
as the sample used in this study was relatively small, 
comprised mostly of male teens. Such work will confirm 
the reproducibility of this study’s findings and improve 
their generalizability. 

Advancing understanding of FC differences in ASD 
will elucidate the neurobiological mechanisms underlying 
ASD related behavioral deficits, which can support 
the development of objective neural biomarker-based 
neuroimaging exams for the identification of ASD and its 
severity. Such tools can complement existing behavioral 
assessments and reduce subjectivity, enabling more 
precise diagnosis of ASD at a younger age. In response, 
treatment plans can be personalized on a behavioral 
and neurobiological level to reflect the diversity of ASD 
earlier in life to create better life outcomes for those 
affected. Ultimately, with continued validation in larger 
and younger cohorts, FC metrics can become clinically 
meaningful biomarkers that facilitate earlier diagnosis 
and individualized intervention.
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