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Children with autism spectrum disorder (ASD) are characterized by difficulties in social
cognition (SC) domains. The aim of this study is to build an SC network to explore
associations among interacting elements within this cognitive construct. We used a
graph analysis to explain how individual SC domains relate to each other and how
these relations may differ between ASD and typically developing (TD) groups. Seventy-six
children with ASD and 81 TD children, matched for verbal mental age, were subjected
to three SC measures. Our results showed that TD children exhibited an SC network
characterized by a single domain (i.e., social cognition), while children with ASD
demonstrated communicating node communities where social information processing
measured by the Social Information Processing Interview (SIPI) represents a key point in
understanding network differences between groups.
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INTRODUCTION

Social cognition (SC) is an adaptive human function (1, 2) that includes cognitive domains
encompassing the capacity to process the social world (such as emotional processing, attention,
social stimuli encoding, etc.). It emerges in early childhood through the development of “theory
of mind” [ToM; (3)], that is, the capacity to understand mental and emotional states of other
people (2). The development of SC competencies follows a certain sequential order in typically
developing (TD) children (3, 4). Children with autism spectrum disorder (ASD) display the
same progressive order, but this appears to be delayed in terms of age at attainment (3, 5). In
conformance with this view, recent literature (3, 6) has suggested the ASD profile is best described
in terms of a delay in the development of these social abilities, as opposed to a total lack of
SC competencies. This view has important implications, bringing into focus the need for early
rehabilitation programs geared toward improving social competencies, attenuating social deficits
in children with autism, and reducing the child’s isolation. In fact, prevalence of ASD in the
general population is estimated worldwide to be around 1% both from screening and register-based
studies (7). We know that SC domains do not operate in isolation, yet it remains undefined how
difficulty in this complex social construct influences interactions among different social domains.
The interrelationship among SC domains is crucial to developing social behaviors that are adequate
to their surrounding context and to maintaining social relationships. According to Ibrahim et al.
(8), one method of exploring associations among interacting elements within a complex system
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as SC involves their separation into networks that can be
characterized and quantified through graphical theoretical
analysis. The graph analysis explains how individual variables
such as SC outcomes relate to each other, how these relations may
differ between groups, and how information may be exchanged.
The current study applies graph theory to social behavioral data
in children with ASD in order to better understand which social
domains are important in an interacting network compared to
TD children.

In constructing the network, we consider that SC is a complex
structure that could involve many domains, in this case, nodes
that—according to Happé and Frith (9)—can be understood as
a complex network diagram that includes distinct components.
The main SC component that appears to be compromised in
ASD concerns ToM. The ToM ability required a good capacity
to understand emotions, and it can affect social information
processing. TD children begin to consolidate ToM ability at the
age of 4-5 years (3, 9). Around the age of 6 years, this ability starts
to become more elaborate and allow the development of prosocial
behavior. These abilities must communicate effectively with each
other to allow their proper development. In individuals with
ASD, delayed development of SC abilities could compromise the
construction of effective networks with consequent impairment
of all their social skills.

Our study aims to investigate a simplified model of Happé
and Friths (9) theoretical framework, based on observed
data, in order to graphically represent their idea of SC
network and relations among components. Moreover, graphical
analysis allows the devising and testing of connections between
components with associated path properties (8).

In order to obtain a more simplified network that could lead
to a better understanding of interactions among elements, we
focused our approach on underlying differences between ASD
and TD, taking into consideration that ToM is the main core of
ASD symptoms (10). In this study, we used three SC tests: (1)
a simplified version of the Eyes Task [ET; (11)]; (2) the Comic
Strip Task [CST; (12)], a well-known test assessing different
components of ToM, i.e., intentions, emotions, and beliefs; and
(3) the Social Information Processing Interview [SIPI; (13, 14)]
to evaluate the capacity to process social information and display
adequate social behavior. While the CST is based on seeing social
scenes, the ET is focused on the understanding of others by their
gaze. Even if two tests evaluated the same construct, they used a
different kind of information and analysis for their contribution
within the network; they could show whether they effectively
work in the same way or if the kind of information is elaborated
in a different manner. We decided to include the results of the
SIPI in the network because it is based on Crick and Dodge’s (15)
model and can summarize many nodes of Happé and Frith’s (9)
map. In fact, the processes described by Crick and Dodge (15)
are related to many dimensions, i.e., social schemas and rules, self
and other evaluations, evaluation of goal and arousal regulation,
that are used to determine SIPI scores.

A topographic view of the interaction of these domains in
ASD could lead to a greater understanding of the associations
between social deficits and ASD symptomatology, providing new
opportunities for diagnosis and treatment. This study is the first

to use graph theory measures to investigate the SC network in
children with ASD. For this reason, we investigated the global SC
network in children with ASD using TD children as a control.

METHODS

Participants

The participant group in our study includes 76 children with
ASD selected by the Reference Regional Center for Autism,
Abruzzo Region Health System, L Aquila, Italy [mean + standard
deviation chronological age (CA) = 9.21 £ 2.65 years; 70 males
and six females] and 81 TD children recruited from a local
primary school in the same region (mean + SD CA = 6.39 +
1.69 years; 70 males and 11 females) for a total of 157 children.
Groups were matched by verbal mental age (VMA) through the
Test for Reception of Grammar-Version 2 (TROG-2; 14; TD-
VMA = 7.11 £ 2.09; ASD-VMA = 7.43 + 2.72). Inclusion
criteria for the ASD population were: (1) a diagnosis of ASD
made by the Autism Diagnostic Observation Schedule-Second
Version [ADOS-2; (16)] and (2) no other neurological disorders.
Required for inclusion in the TD group was the absence of
any neurological or psychological disorder. Demographic data of
samples are reported in Table 1.

Criterion for Group Matching

In our study, the children with autism had a CA higher than
TD children because we chose to match the two groups on
VMA assessed with the TROG-2 (17). The matching leads to

chronologically older ASD [t(155 = —7.89, p < 0.01] and to
homogeneous groups in relation to their VMA [f(;55) = —0.82,
p=041].

According to recent literature (3), children with ASD showed
a delay in developing SC abilities based on CA, whereas VMA
appears to be a good predictor of ToM abilities altogether
(18) and in children with autism (3). Indeed, Pino et al. (3)
showed that ToM scores on the VMA in the ASD group had a

TABLE 1 | Demographic data of the sample and clinical information concerning
the ASD group.

TD group ASD group t P
(n=81) (n =T76) df(1, 155)

Mean (SD) Mean (SD)
DEMOGRAPHIC DATA
Chronological age 6.39 (1.69) 9.21 (2.65) —7.89 <0.01
Verbal mental age 7.11(2.09) 7.43(2.72) —-0.82 0.41
CLINICAL INFORMATION
ADOS-social - 9.48 (2.93) - -
communication and
social interaction
ADOS-repetitive and - 1.29(1.2) - -
stereotyped behaviors
ADOS total scores - 10.78 (3.11) - -

ADOS, Autism Diagnostic Observation Schedule; ADS, autism spectrum disorder; TD,
typically developing.
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significant relationship between this variable and mental states
(both positive and negative), as measured with the ET and the
intentions component of the CST. In addition, Hobson (19)
showed that children with ASD succeeded on ToM tasks as
could be expected from their mental age; thus, it can be argued
that ToM tests require a specific cognitive ability, which could
correspond to VMA.

Social Cognition Measures

Eyes Task-Simplified (11)

This measure contains 56 black-and-white photos of children’s
eye region, portraying either mental states or primary emotions.
The expressions included as positive primary emotions (PPE-
ET) were happy or surprised, sad and angry were used for
negative primary emotions (NPE-ET), while excited and thinking
represented positive mental state (PMS-ET), and worried and
shy were used for negative mental states (NMS-ET)—for a total
of four emotional states and four mental states. Each stimulus
involved one image (children’s eye region), one target word on
the left and the other with a target word on the right edge of
the slide. Participants were asked to indicate which word best
described the picture presented (e.g., “Look at this child—Is this
child happy or angry?”). Testing lasted ~15min based on the
randomized presentation of the items. Accuracy was measured
on a 0-7 scale based on the participant’s selection of one of two
choices in seven comparisons per target emotion/mental state
[for example: 1. happy vs. surprised; 2. happy vs. sad; 3. happy
vs. angry; 4. happy vs. excited; 5. happy vs. thinking; 6. happy vs.
worried; 7. happy vs. shy; for details, including an example of an
image of the test, see (11)].

Comic Strip Task (20)

The CST is a recent 2l-item measure developed to assess
three aspects of ToM: beliefs (B-CST), intentions (I-CST), and
emotions (E-CST). Each subscale includes five items, each
comprising a five-picture comic strip illustrating everyday social
scenarios involving interpersonal interactions familiar to young
children, for example, a birthday party or play at the park.
In addition, it contains a control subscale (two items for each
subcomponent of ToM) comprising non-social scenarios, albeit
in settings similar to the other comic strips. According to the
procedure proposed by Sivaratnam et al. (12), prior to the
administration of the CST, six images depicting basic emotions
(happy, sad, angry, frightened, surprised, and confused) were
presented to ensure that the child was able to recognize basic
emotions at the level required by the task. Specifically, the child
was required to name at least four out of six images correctly
to proceed with the ToM test. The CST subscales (Intentions—
Beliefs—-Emotions) were administered in the same order in both
groups. For each item, children are shown three pictures that tell
a social story, after which they are presented with two pictures
containing alternative endings to the story and asked to select the
one they think best completes the story. One option indicates a
lack of understanding of others’ mental states and is scored 0; the
other indicates the presence of such understanding and is scored
1. For example, as could be seen in Sivaratnam et al. (12), item
5, “Recognition surprise,” from the Emotions subscale, in the first

three figures is represented the protagonist involved in a surprise
birthday party, where he is given gifts; then the child must choose
whether: (1) the protagonist will be angry and he will run away
or (2) the protagonist will be happy and he will celebrate with his
friends. Each ToM subscale has a maximum score of 5, with a
total test score of 15, with higher scores indicating superior ToM
ability [for details, including an example of an image of the test,
see (12)].

Social Information Processing Interview (13, 14)

The SIPI is an interview based on a storybook easel depicting a
series of vignettes in which a protagonist is either rejected by two
other peers or provoked by another peer. Each type of vignette is
combined with each type of peer intent to generate four stories:
(1) a non-hostile peer entry rejection story, (2) an ambiguous
peer entry rejection story, (3) an accidental provocation story,
and (4) an ambiguous provocation story. According to Ziv et al.
(14), the scores correspond to four of the five mental steps of
social information processing proposed by Crick and Dodge’s
(15) model: (1) Encoding, (2) Interpretation of cues, (3) Response
construction, and (4) Response evaluation.

An example of an SIPI story is the following: Michael is
watching the other children playing. Michael walks up to the
other children and asks them: “Can I play with you?” The
children say: “Sorry. The teacher said only two can play in
the block area” [for details, see (14)]. The encoding component
evaluates the level of detail that the child recalls across the
four stories. Thus, the examiner asks the child: “Tell me what
happened in the story, from the beginning to the end.” A score of
0 is given to a child who recalls no correct details for each story,
and a score of 1 is given to a child who correctly recalls all the
details in each story, and then, a sum of the scores is calculated, so
scores could range from 0 (no correct coding in four stories) to 4
(all correct coding in four stories). The interpretation component
evaluates the hostile attribution to others’ behavior (the question
is “Do you think the other children who didn’t let Michael play
are mean or not mean?”). The range for this score is 0-1 for
each story, with higher scores representing higher levels of hostile
attribution bias. The score in the interpretation component is
inversely encoded compared with the other SIPI components;
that is, a higher score indicates a major tendency to consider
the behavior of other children as hostile. Regarding the response
construction component, as reported by Ziv and Sorongon [(13),
p. 7] in their paper, the score is derived from the child’s responses
to the open-ended item, “What would you say or do if this
happened to you? The answers are used to create three, mutually
exclusive flag variables (coded 0, 1) for each story: competent
flag, aggressive flag, and avoidant flag. For example, if the child’s
response is coded as “competent,” then he or she is given a “1”
for the competent flag, a “0” for the aggressive flag, and a “0”
for the avoidant flag. The final response construction score is
then calculated by subtracting the aggressive and avoidant scores
from the competent score. The original range of this score is
—4 (only avoidant or aggressive responses) to 4 (only competent
responses). However, to avoid negative scale scores, the scale was
modified such that the presented possible range for this score is
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0 (only avoidant or aggressive responses) to 8 (only competent
responses)” [(12), p. 7; (21)].

For the response evaluation step, the scores are made from
a combination of 36 Response Evaluation questions (4 stories
X 3 competent/aggressive/avoidant presented responses X 3
questions per presented response).

An example of a question for the response evaluation of an
SIPI story is “Michael could kick apart the blocks and say to the
other children, ‘if I can’t play, then you can’t play either; (1) ‘Is
this a good thing or a bad thing for Michael to say?, (2) ‘If you do
that, do you think the other children would like you?, and (3) ‘Do
you think the other children would let you play if you do that?”
If a child evaluates as positive an aggressive behavior, the score
is 0. For example, child could respond that Michael said a good
thing and that other children would let Michael play with them
after his aggressive behavior, in this case, the given score is 0 (21).

Statistical Analysis

Comparison Between Groups

The T-test was used to test the differences between the groups
(ASD, TD) regarding demographic parameters and the measures
for the components of the ET (positive primary emotions,
negative primary emotions, positive mental states, and negative
mental states) and for response evaluation of the SIPI subscale.
The Mann-Whitney test was used to test differences between
ASD and TD regarding the CST subscale (emotions, beliefs, and
intention) and for the SIPI subscale of encoding, interpretation,
and response construction). Bonferroni’s correction has been
made (o = 0.05).

Network Analysis

Graphs give a better way of dealing with abstract concepts like
relationships and interactions; they provide an intuitive way of
thinking these concepts (22, 23). Ibrahim et al. (8) propose that
graph theory concepts are useful in the analysis of complex
networks. By using graph theory, we can visualize and analyze
relationships between SC domains. In graph theory, variables
are termed “nodes,” which are connected via “edges.” Edges can
be weighted: an edge with a higher weight is more strongly
connected with a node than an edge with a lower weight.
Moreover, edges can be directed, meaning that the edge between
nodes A and B is different from the edge between nodes B
and A. In our study, the SC measures constitute the nodes
of the network, with the partial correlations between them as
weighted and undirected edges. In graph analysis, there are
several properties that can be inferred from a network. Some
of the canonical centrality indices are represented by strength,
betweenness, and closeness (24).

Network Analysis: Construction of the Network

Two graphs were constructed, one for the ASD group and one
for the TD group, while nodes were represented by psychological
domains that represent SC components (SC measures previously
explained). Networks were estimated according to the Gaussian
graphical model (25), in which edges are interpreted as partial
correlation coeflicients. We estimated the Gaussian graphical
model using graphical least absolute shrinkage and selection

operator (LASSO) (26), which estimates the (inverse) partial
covariance matrix of a set of variables, penalizing small
covariances by setting small covariances to zero. The optimal
strength of the penalty term was estimated using the BIC (27). As
some variables are ordinals, polychoric, polyserial, and Pearson
correlations were used; moreover, only significant correlations
were maintained.

After obtaining one network for each group, we evaluated
several canonical proprieties (24) such as strength, betweenness,
and closeness of each node.

Strength is a weighted measure of degree between a node and
any other node connected to it, given by the formula:

ki = Zw,j

where k represents the strength, and w represents the weight
between the nodes i and j; in this case, w;; was set as the
correlation coefficient. This value represents a local connectivity
of the node indicating how its connection with adjacent nodes
is strong.

Betweenness represents how many times a node serves as a
bridge between two other nodes; it is given by the formula:

where pji represents the number of shortest paths between nodes
jand k, and pj(i) is the number of shortest paths between j and k
that pass through i. The higher this value is, the greater number of
shortest paths passing through a node, indicating how that node
is important in the average path between two nodes.

Closeness is the average length of the shortest path between a
node and any other node; it can be considered as a measure of
how long it will take to spread information to other nodes.

1= n—1
' ZjeNj;éi dij

where d is the shortest path length between nodes i and j, and
n is the number of nodes. The more central a node is, the lower
its total distance is from all other nodes. It can be considered a
measure of how information from a node reaches other nodes.
Closeness differentiates with strength by the fact that it indicates
how it relates to all other nodes in the network, not just the
adjacent ones.

Betweenness, closeness, and strength represent centrality
measures of the network that reveal the relative importance
of nodes in the network, whether high centrality suggests to
strongly affect other nodes due to their strong connection (28).
Thus, centrality measures represent the degree in which a node
influences other nodes in the network. However, even if they
share this common feature, betweenness, closeness, and strength
represent different forms of influence. We indicate that strength
represents local connectivity as it measures its influence on the
adjacent nodes. Betweenness indicates how that node is used
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to connect other nodes in the network, and finally, closeness
represents how far a node is from all other nodes. This difference
relies on how they are computed, whether betweenness is a
measure that indicates how many times a node is located within
the shortest path between two other nodes, strength is computed
by examining how many connections are attached to each
node, and closeness indicates how far a node is from all other
nodes (29).

Network Analysis: Group Comparisons
In order to evaluate differences between ASD and TD networks,
every network was non-parametric bootstrapped 1,000 times,
obtaining for each bootstrap measures of strength, betweenness,
and closeness of each node. Whereupon statistically significant
differences were evaluated by the z test and adjusted by
Bonferroni’s correction (a0 = 0.05).

We used the bootnet package (30) from R (31) to perform
the calculations.

Community Detection
Subsets of nodes that are densely connected to each other but less
with others are referred to as communities (32). Modularity is a
measure that indicates the quality of a particular division of the
network (33). Modularity values range from —1 to 1, where a
value of 0 indicates that the division is not better than random,
while 1 theoretically indicates strong community structures; in
practice, values for such networks fall between 0.3 and 0.7 (33).
There are different algorithms to detect graph communities;
in our research, we used that proposed by Blondel et al. (34),
which assigns a different community to each node of the network,
then a node is moved to the community of its neighbors to
achieve the highest positive contribution to modularity. This
procedure is then repeated for all nodes until it obtains no
further improvement. We used this method, as it has shown that
it performs well in terms of accuracy (35). Communities were
detected for each network using the igraph package (36).

RESULTS

Comparison Between Groups

The T-test and Mann-Whitney test showed that children with
ASD obtained lower scores in all components of the SIPIL:
interpretation (U = 2,083.50; p < 0.001), response evaluation
[tass) = —3.01, p = 0.03], and response construction (U =
767.50; p < 0.001) compared to the TD children, with the
exception of encoding (U = 2,414.50; p = 0.06). Regarding CST,
the ASD group had lower scores in the emotions (U = 2,030.50;
p < 0.001) and beliefs (U = 1,367.50; p < 0.001) components;
there was no difference between the groups in the intentions
component (U = 2,782.50; p = 0.26).

Finally, regarding ET, children with ASD showed difficulties in
the negative mental states component [#(;55) = —2.97; p = 0.03];
however, there were no significant differences in the positive
mental states component [£(;55 = —1.50; p = 0.13], the primary
emotions component with negative valence [f(;55 = —0.18; p =
0.85], or the positive valence [f(;55 = 1.33; p = 0.18] compared
to the TD group.

Visualization of the Networks

Networks are represented in Figure 1, nodes represent SC
components, lines between nodes represent correlations
between measures, while widths of lines represent the strength
of a correlation. Red and green lines represent positive
(green) and negative (red) correlations. The node’s distance
represents closeness.

Graph Measures

Graph analysis results are reported in Table2 (which also
contains the z tests performed). However, it was possible to
evaluate significant differences between closeness and strength
measures. Statistical analysis shows significant differences
between the two networks regarding all the closeness and
strength measures, where the graph of the TD sample reveals
global greater values in each node for closeness and strength.
Nodes in ASD’s network showed greater betweenness values
compared to nodes in TD’s network except for NPE-ET and E-
SIPL, which instead showed lower values compared to TD’s nodes.

Community Detection

Communities detected are presented in Figure 2. Modularity
estimated for the TD communities was low (Q = 0.07), indicating
that the community’s divisions were not better than random,
suggesting that there are no communities in the network. In
community detection for the ASD network though, we estimated
a value of Q = 0.39, indicating that the network could be
considered as divided into communities. ASD communities in
the network are (a) I-SIPI, PMS-ET, NMS-ET, PPE-ET, NPE-
ET, and RE-SIPL; (b) E-CST, B-CST, I-CST, and RC-SIPI; and
(c) E-SIPL.

DISCUSSION

In the present study, we employed graph theory to map the
structure of the SC network in children with ASD compared to
TD children. Specifically, the aim was to build a network of SC
domains/competencies to explore associations among interacting
elements within this complex cognitive construct. Thus, we
modeled the SC measures of children with ASD and TD as a
complex system of interactions and further applied graph analysis
to define important features therein for both groups.

Our results show that nodes in the ASD network show an
overall higher betweenness compared to those in the TD network
(except for the E-SIPI node and NPE-ET node, which showed a
higher betweenness for the TD group). Nodes in the TD network
showed an overall higher closeness and strength compared to the
ASD network.

Community detection in the ASD network found three
communities of nodes: the first community was composed of
a single component, i.e., the E-SIPI node (Encoding) that is a
community per se. This result suggests that people with ASD can
encode social information, but this social information would not
be utilized by the entire network. This is confirmed by the finding
that this node in ASD showed lower scores in all the centrality
measures compared to TD.
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TD

ASD

FIGURE 1 | Graphs of typically developing (TD) and autism spectrum disorder (ASD) populations. Each node represents a social cognition (SC) domain. Strength is
represented by the link’s thickness, and closeness by the nodes’ distance. Green and red links represent positive and negative correlation coefficients, respectively.
B-CST, Belief-Comic Strip Task; E-CST, Emotions-Comic Strip Task; I-CST, Intentions-Comic Strip Task; NPE-ET, Negative primary emotions-Eyes Task; PPE-ET,
Positive primary emotions-Eyes Task; NMS-ET, Negative mental states-Eyes Task; PMS-ET, Positive mental states-Eyes Task; E-SIPI, Encoding-Social information
processing interview; I-SIPI, Interpretation-Social information processing interview; RC-SIPI, Response construction-Social information processing interview; RE-SIPI,

Response evaluation-Social information processing interview.

The second community was composed of the CST
subdomains, namely, the E-CST node (Emotions), the B-
CST node (Beliefs), and the I-CST (Intentions), to which
is added an SIPI component: the RC-SIPI node (response
construction), indicating that the construction of the social
response is strictly related to the understanding of intentions,
beliefs, and emotions. In the response construction, the child is
asked: “to put himself/herself in the shoes” of the main character
of the story and try to explain how he/she would act in the
same situation (6). This ability is densely connected with the
construction of a response in a social scenario.

The third community obtained was composed of domains
as the ET such as NMS-ET (Negative Mental States), PMS-ET
(Positive Mental States), PPE-ET (Positive Primary Emotions),
NPE-ET (Negative Primary Emotions), and nodes representing
domains evaluated by the SIPI names I-SIPI (Interpretation) and
RE-SIPI (Response Evaluation). This community could indicate
that the interpretation of the scene, as well as the assessment
of whether the response given by the other is right or wrong,
is closely related to the interpretation of information also of a
visual type (interpretation of mental states based on visual cues).
Specifically, the RE-SIPI component is crucial for processing
social cues and subsequently social behavior, whereas I-SIPI
component evaluates the tendency to attribute hostile intentions
to other people in positive social situations and vice versa.

Furthermore, while the ET and CST are grouped in the same
community, the components of the SIPI are divided among
three communities, suggesting that the information required
to complete this particular task must make more transitions
between SC skills.

Indeed, betweenness represents the number of paths that pass
through a node, higher betweenness in ASD, and the existence
of communities could indicate that, to reach a determined node,
information passes through and is influenced by other nodes
before reaching it. Betweenness is a measure based on the concept
of shortest path, which is the path between node A and node
B with the minimum intermediary nodes. To clarify the results
based on this concept, we can refer to the ASD network in
Figure 1. If, for example, we take the PMS-ET and E-CST nodes,
we can see that they form a “bridge” between two agglomerations
of nodes, so regardless of the length of the shortest path, any
path between the two agglomerates (which we have found are
communities) will have to go through those nodes, resulting
in a high betweenness for both. The same reasoning can be
made for the other nodes of the two communities. E-SIPI node
shows low betweenness since it is not connected in the network.
The TD network has a more “balanced” situation, even though
we have a betweenness that is not as wide as on most ASD
nodes. Moreover, this kind of spread of information characterizes
the communication between communities of nodes in ASD’s
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TABLE 2 | Significant differences between groups (ASD and TD) for social cognition measures and canonical properties of graph analysis (betweenness, closeness, and

strength) for each node (i.e., social cognition components).

Social cognition Measures score mean Betweenness z Closeness mean z Strength mean z
measures (SD)/ median [1st mean (SD) (SD) (SD)

quartile—3rd quartile]

ASD TD ASD TD ASD TD ASD D

COMIC STRIP TASK
Belief 1 4 4.33 2.28 —7.78* 0.01 0.04 27.95* 1.12 410 32.52*
(B-CST) [1-2]* [2-4] (7.27) (3.96) (0.01) (0.02) 0.72) (2.80)
Emotions 4 5 10.55 457 —15.55" 0.01 0.04 28.48* 1.56 4.46 32.42*
(E-CST) [4-4.75] [4-5] (10.55) (6.03 (0.01) (0.02) (0.78) (2.71)
Intentions 4 4 9.75 223 -20.19* 0.01 0.04 27.95* 1.26 416 32.43*
(I-CST) [3-5] [3-5] (10.90) (4.48) (0.01) (0.02) (0.48) (2.78)
EYES TASK
Negative primary 12.11 12.16 4.88 8.43 31.26* 0.01 0.04 31.26* 0.98 4.27 38.08*
emotions (2.06) (1.27) (8.32) (8.96) (0.01) (0.02) (0.54) (2.67)
(NPE-ET)
Positive primary 11.52 11.08 9.77 1.37 19.60* 0.01 0.03 19.60* 1.49 3.05 15.87¢
emotions (2.39) (1.65) (10.17 (3.84) (0.01) (0.02) (0.66) (3.01)
(PPE-ET)
Negative mental states 10.6 11.64 13.29 0.70 18.64" 0.01 0.03 18.64* 1.70 3.00 12.81*
(NMS-ET) (2.56)* (1.71) (10.28) (2.50) (0.01) (0.02) (0.67) 3.13)
Positive mental states 10.26 10.76 12.57 3.27 28.31* 0.01 0.04 28.31* 1.44 4.30 32.58"
(PMS-ET) (2.40) (1.69) (12.65) (5.07) (0.01) (0.02) (0.63) (2.69)
SOCIAL INFORMATION PROCESSING INTERVIEW
Encoding 4 4 3.99 6.94 8.94* 0.01 0.04 35.70* 0.86 4.84 48.03*
(E-SIPI) [3-4] [3-4] (7.34) (7.42) (0.01) (0.02) (0.57) (2.55)
Interpretation 3 3 7.18 239 —-138.99* 0.01 0.04 238.10* 1.36 3.45 22.10"
(I-SIPI) [2-3]* [3-4] (9.65) (4.89) (0.01) (0.02) (0.69) (2.92)
Response construction 2 4 9.93 6.68 —7.98* 0.01 0.04 31.87* 1.38 4.83 4214
(RC-SIPI) [1-3] [3-5] (10.71) (7.12) (0.01) (0.02) (0.69) (2.49)
Response evaluation 19.71 29.73 5.16 145  —13.57F 0.01 0.04 24.91* 0.95 3.43 25.43*
(RE-SIPI) (2.15)* (1.09) (7.92) (3.48) (0.01) (0.02) (0.60) (3.02)

ADS, autism spectrum disorder; TD, typically developing. *p < 0.05.

network. The characteristic spread of information highlighted
by our analysis could suggest that, within the SC network
in ASD, a compensatory mechanism intervenes. However, this
compensatory mechanism seems to become less efficient when
one is facing a more complex social scenario, as the one presented
in the SIPI (characterized by the simulation of a peer-to-peer
social situation).

In a recent study, it was found that processing and
understanding of complex social information measured through
the SIPI could well-differentiate between children with ASD
and TD rather than CST and ET (37). According to Pino
et al. (3), intentions and emotion comprehension are lower-level
competencies; these skills are learned earlier and are necessary for
the construction of more complex abilities (6).

Our findings confirm that SIPI represents a complex task
for ASD, thus the altered segregation and the altered use
of information concerning this task may be related to such
difficulties. SIPI is a complex task that is more similar to
social context compared to the other tasks. Since it is based
on the model of Crick and Dodge (15), planning a correct
social response involves the use of several capacities (e.g.,

multiple evaluations, regulations, schemas, or rules). As seen
in Figurel, we found that the Encoding node is separated
from the rest of the network, thus it presents lower centrality
measures (strength, betweenness, and closeness) compared to
TD. When a child is involved in a social situation, through
encoding, he or she can give an interpretation of the social scene
thus construct and make a response (15). Cooper et al. (38)
have found a dissociation between encoding and recollection
in people with ASD; our results support an impairment in the
encoding process, which characterized people with ASD, which
would consequently also involve other social skills. Specifically,
our results suggest that individual with ASD seems to use
other sources of information during the interpretation or the
construction of a social response rather than a proper mechanism
of encoding.

From community detection, we found that the TD network
presents a network without communities, i.e., there are no subsets
of nodes that are densely connected with each other; moreover,
they present higher values of closeness (which indicates how
information directly reaches other nodes) and strength (which
represents how locally the connection is strong with adjacent
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TD Q= 0,07

FIGURE 2 | Subset of nodes found by community detection, nodes colored with the same color represent communities found for each network.

ASD

Q=0,39

nodes). Taken together, these results suggest that, in the TD
network, communication between nodes is direct and has major
weight compared to the ASD nodes communication. Moreover,
as the TD network does not present multiple communities, the
SC skills measured by the assessed tasks, only for TD, would
compose a single domain, i.e., SC.

Even if these results must be interpreted with caution, it is
important to know that the ASD network and the TD network
fit the theoretical SC network proposed by Happé and Frith (9);
further, our approach highlighted properties of the network that
differentiate ASD and TD SC.

As recent literature has found that ASD is characterized by
a delay of social abilities (3, 6) and VMA appears to be a good
predictor of ToM ability (3, 18), our ASD sample was determined
to have the same mental age as the TD group.

Our research confirms the results of Pino et al. (3) and Hobson
(19), as matching group by VMA has yielded the same results in
components of SC measured by test scores; specifically, they do
not show significant differences in Intentions, as measured by the
CST; in Primary Emotions with negative and positive valence, as
measured by the ET; and Positive mental states. On the contrary,
the two groups differ in negative mental state perception. The
role of emotional valence in ASD is still being debated. Several
studies suggest that the processing of negative emotions is most
difficult for individuals with ASD (39-41). Ashwin et al. (42)
consider the difficulty of processing negative emotions in ASD to
be linked to an atypical function and structure of the amygdala.
In their study, individuals with ASD were less accurate on the

emotion recognition task compared to controls, but only for
the negative basic emotions. According to Mazza et al. (40),
emotional contagion for negative emotions of other people (like
sadness, distress, suffering, anger) is important for adaptive social
behavior. The lack of sharing experience when other people have
negative emotions leads to a failure of appropriate empathic
behavior in ASD people. In addition, the two groups showed
differences in understanding emotions and beliefs, but not in the
Intention component of the CST. We suggest that is consistent
with the suggestion that the ability to understand others’ beliefs
and emotions is more complex with respect to the ability to
understand the intentions of other people (3, 9). The latter ability
occurs earlier in development as it is already present, to a certain
extent, in TD infants (9). Thus, it is possible that in children with
ASD, this ability becomes available later, and at the age of about
6 or 7 years, they gain the ability to understand the intentions of
other people (3).

SC comprises various functions such as emotional processing,
imitation, pretend play, ToM, empathy, and so on (9), but in this
study, we consider only a part of this complex construct, and this
can represent a limitation of our research. In the literature, at least
part of the interest in ToM abilities is associated with the idea
that people with ASD suffer from “mind-blindness” (3, 43). Social
difficulty compromises interpersonal relationships and leads to
social isolation in individuals with ASD. For this reason, it is
important to study the SC network in the ASD group to create
their SC profile and thereby understand how relations among its
domains/components may affect their social behavior.
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Limitations

It is important to know that our research presents some
considerable limitations. It must be pointed out that results must
be interpreted with caution as our analysis describes connectivity
between nodes/domains but did not give information with regard
to how information is processed by nodes or the direction of the
information flow that follows.

In fact, our results do not express how a node elaborates
information in the network (e.g., filtering, selecting, select
salient feature, etc.) that literature and future research could
elaborate, although it is important to highlight that this approach
clarifies important features of the network’s connections. Another
important limitation was that our samples were composed mostly
of males. Moreover, our network is a simplified version of the
Happé and Frith (9) SC network; thus, implementing other nodes
in the model could lead to a better understanding of connections
between SC domains.

Future Directions

Future research could investigate specific contributions that SC
domains provide in the network, deepening our understanding
of under what processes social information passes between
one domain and another. According to Vagnetti et al. (44),
future research should be directed toward understanding how
node processes effectively contribute to the network (e.g., by
integrating or controlling information) and how edges change
over time. Indeed, these structures could be time-dependent,
especially during early development, and it would be interesting
to understand when the structure of SC becomes fixed. In
addition, it would also be interesting to investigate how
intervention in ASD could change the network, e.g., connections
and/or their weight, and it would be interesting to know if a
variant version of functioning could mitigate social difficulties
associated with ASD. It would be further interesting to consider a
longitudinal study that would explore if and how the SC network
structure becomes time-dependent.

We support the idea that a rehabilitation intervention could
try to work on the strength of the edges to improve the
network connections.

Our results showed that ASD domains of the SC network
were isolated compared to TD, which were connected. The TD
network reflects the theoretical SC network model proposed
by Happé and Frith (9), where components are connected to
each other.

Network indices comparison between the two groups shows
a different communication role and statistical weight of the SC

REFERENCES

1. Pinkham AE, Hopfinger JB, Pelphrey KA, Piven ], Penn DL. Neural bases for
impaired social cognition in schizophrenia and autism spectrum disorders.
Schizophr Res. (2008) 99:164-75. doi: 10.1016/j.schres.2007.10.024

2. Mazza M, Lucci G, Pacitti F, Pino MC, Mariano M, Casacchia M, et al.
Could schizophrenic subjects improve their social cognition abilities only with
observation and imitation of social situations? Neuropsychol Rehabil. (2010)
20:675-703. doi: 10.1080/09602011.2010.486284

network nodes. These differences deserve a better understanding
because they could provide an explanation of social functioning
difficulties in ASD as well as their social isolation.

CONCLUSION

In conclusion, our research has found a connected SC network
in children with ASD and TD, although important differences
emerged in nodal communication—a phenomenon possibly
related to the SC deficits presented by ASD.

While the TD SC network is characterized by a single domain,
we found that ASD is characterized by node communities, thus
higher betweenness for ASD nodes reflects the communication
between communities, while higher strength and closeness for
the TD highlight important contributions of each node in
the network. SIPI represents a key point in understanding
differences between groups. Our findings suggest that, for ASD,
social information encoding performs a reduced contribution in
the network; moreover, some types of information (measured
by CST and ET) seem more relevant depending on the
process involved (Response construction or Interpretation and
Response evaluation).

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by ASL LCAQUILA—PROTOCOL NUMBER
186061/17. Written informed consent to participate in this study
was provided by the participants’ legal guardian/next of kin.

INFORMED CONSENT

Informed consent was obtained from parents and oral
assent from children in order to collect demographic and
score variables.

AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct and intellectual
contribution to the work, and approved it for publication.

3. Pino MC, Mazza M, Mariano M, Peretti S, Dimitriou D, Masedu F, et al.
Simple mindreading abilities predict complex theory of mind: developmental
delay in autism spectrum disorders. J Autism Dev Disord. (2017) 47:2743-
56. doi: 10.1007/s10803-017-3194-1

4. Wellman HM, Liu D. Scaling of theory-of-mind tasks. Child Dev. (2004)
75:523-41. doi: 10.1111/j.1467-8624.2004.00691.x

5. Broekhof E, Ketelaar L, Stockmann L, van Zijp A, Bos MG,
Rieffe C. The understanding of intentions, desires and Dbeliefs

in young children with autism spectrum disorder. ] Autism

Frontiers in Psychiatry | www.frontiersin.org

October 2020 | Volume 11 | Article 579339


https://doi.org/10.1016/j.schres.2007.10.024
https://doi.org/10.1080/09602011.2010.486284
https://doi.org/10.1007/s10803-017-3194-1
https://doi.org/10.1111/j.1467-8624.2004.00691.x
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

Pino et al.

Social Cognition Domains in Autism

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

Dev
2363-3

Disord. (2015) 45:2035-45. doi: 10.1007/s10803-015-

. Mazza M, Mariano M, Peretti S, Masedu F, Pino MC, Valenti M. The

role of theory of mind on social information processing in children with
autism spectrum disorders: a mediation analysis. ] Autism Dev Disord. (2017)
47:1369-79. doi: 10.1007/s10803-017-3069-5

. Valenti M, Vagnetti R, Masedu E Pino MC, Rossi A, Scattoni ML, et al.

Register-based cumulative prevalence of Autism Spectrum Disorders during
childhood and adolescence in Central Italy. Epidemiol Biostat Public Health.
(2019) 16. Available online at: https://ebph.it/article/view/13226

. Ibrahim GM, Morgan BR, Vogan VM, Leung RC, Anagnostou E, Taylor M]J.

Mapping the network of neuropsychological impairment in children with
autism spectrum disorder: a graph theoretical analysis. ] Autism Dev Disord.
(2016) 46:3770-7. doi: 10.1007/s10803-016-2929-8

. Happé E Frith U. Annual research review: towards a developmental

neuroscience of atypical social cognition. J Child Psychol Psychiatry. (2014)
55:553-77. doi: 10.1111/jcpp.12162

Baron-Cohen S, Leslie AM, Frith U. Does the autistic child have a
“theory of mind”? Cognition. (1985) 21:37-46. doi: 10.1016/0010-0277(85)9
0022-8

Franco E Itakura S, Pomorska K, Abramowski A, Nikaido K, Dimitriou D.
Can children with autism read emotions from the eyes? The eyes test revisited.
Res Dev Disabil. (2014) 35:1015-26. doi: 10.1016/j.ridd.2014.01.037
Sivaratnam CS, Cornish K, Gray KM, Howlin P, Rinehart NJ. Brief report:
assessment of the social-emotional profile in children with autism spectrum
disorders using a novel comic strip task. ] Autism Dev Disord. (2012) 42:2505-
12. doi: 10.1007/510803-012-1498-8

Ziv Y, Sorongon A. Social information processing in preschool children:
relations to sociodemographic risk and problem behavior. ] Exp Child Psychol.
(2011) 109:412-29. doi: 10.1016/j.jecp.2011.02.009

Ziv Y, Hadad BS, Khateeb Y. Social information processing in preschool
children diagnosed with autism spectrum disorder. J Autism Dev Disord.
(2014) 44:846-59. doi: 10.1007/s10803-013-1935-3

Crick NR, Dodge KA. A review and reformulation of social information-
processing mechanisms in children’s social adjustment. Psychol Bull. (1994)
115:74. doi: 10.1037/0033-2909.115.1.74

Lord C, Rutter M, DiLavore PC, Risi S, Gotham K, Bishop S. Autism Diagnostic
Observation Schedule-Second edition (ADOS-2). Los Angeles, CA: Western
Psychological Services (2012).

Bishop DVM. TROG-2 Test for Reception of Grammar-2. London:
Pearson (2003).

Happé FG. An advanced test of theory of mind: Understanding of story
characters’ thoughts and feelings by able autistic, mentally handicapped,
and normal children and adults. J. Autism Dev. Disord. (1994) 24:129-
54. doi: 10.1007/BF02172093

Hobson RP. Early childhood autism and the question of egocentrism. ] Autism
Dev Disord. (1984) 14:85-104. doi: 10.1007/BF02408558

Cornish K, Rinehart N, Gray K, Howlin P. Comic Strip Task. Melbourne,
VIC: Monash University Developmental Neuroscience and Genetic Disorders
Laboratory and Monash University Centre for Developmental Psychiatry and
Psychology (2010).

Pino MC, Mariano M, Peretti S, D’Amico S, Masedu F, Valenti M, et al.
When do children with autism develop adequate social behaviour? Cross-
sectional analysis of developmental trajectories. Eur ] Dev Psychol. (2018)
17:71-87. doi: 10.1080/17405629.2018.1537876

Kellermann TS, Bonilha L, Lin KK, Hermann BP. Mapping the landscape
of cognitive development in children with epilepsy. Cortex. (2015) 66:1-
8. doi: 10.1016/j.cortex.2015.02.001

Shirinivas SG, Vetrivel S, Elango NM. Applications of graph theory in
computer science an overview. Int ] Eng Sci Technol. (2010) 2:4610-21.
Rubinov. M, Sporns O. Complex
connectivity: uses and  interpretations.
52:1059-69. doi: 10.1016/j.neuroimage.2009.10.003
Lauritzen SL. Graphical Models. Oxford: Clarendon Press (1996).
Friedman JH, Hastie T, Tibshirani R. Sparse
estimation with the graphical Biostatistics.
41. doi: 10.1093/biostatistics/kxm045

of brain
(2010)

network measures
Neuroimage.

inverse covariance

lasso. (2008) 9:432-

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Schwarz G. Estimating the dimension of a model. Ann Stat. (1978) 6:461-
4. doi: 10.1214/a0s/1176344136

Borsboom D, Cramer A, Schmittmann VD, Epskamp S, Waldorp
LJ. The small world of psychopathology. PloS ONE. (2011)
6:€27407. doi: 10.1371/journal.pone.0027407

Opsahl T, Agneessens F, Skvoretz J. Node centrality in weighted
networks: generalizing degree and shortest paths. Soc Netw. (2010)
32:245-51. doi: 10.1016/j.s0cnet.2010.03.006

Epskamp S, Borsboom D, Fried EI. Estimating psychological networks
and their accuracy: a tutorial paper. Behav Res Methods. (2018) 50:195-
212. doi: 10.3758/s13428-017-0862-1

R Core Team. R: A Language and Environment for Statistical Computing.
Vienna: R Foundation for Statistical Computing (2017). Available online
at: https://www.R- project.org/

Boccaletti S, Latora V, Moreno Y, Chavez
Complex networks: structure and dynamics.
424:175-308. doi: 10.1016/j.physrep.2005.10.009
Newman ME, Girvan M. Finding and evaluating community structure in
networks. Phys Rev. (2004) 69:026113. doi: 10.1103/PhysRevE.69.026113
Blondel VD, Guillaume JL, Lambiotte R, Lefebvre E. Fast unfolding
of communities in large networks. ] Stat Mech Theor E. (2008)
10:P10008. doi: 10.1088/1742-5468/2008/10/P10008

Yang Z, Algesheimer R, Tessone CJ. A comparative analysis of
community detection algorithms on artificial networks. Sci Rep. (2016)
6:30750. doi: 10.1038/srep30750

Csardi G, Nepusz T. The igraph software package for complex network
research. Int ] Complex Syst. (2006) 1695:1-9.

Pino MC, Masedu F, Vagnetti R, Attanasio M, Di Giovanni C, Valenti M,
et al. Validity of social cognition measures in the clinical services for autism
spectrum disorder. Front Psychol. (2020) 11:4. doi: 10.3389/fpsyg.2020.00004
Cooper RA, Plaisted-Grant KC, Baron-Cohen S, Simons JS. Eye movements
reveal a dissociation between memory encoding and retrieval in adults with
autism. Cognition. (2017) 159:127-38. doi: 10.1016/j.cognition.2016.11.013
Howard MA, Cowell PE, Boucher ], Broks P, Mayes A, Farrant
A, et al. Convergent and behavioural evidence
of an amygdala Hypothes is of autism. Neuroreport. (2000)
11:2931-5. doi: 10.1097/00001756-200009110-00020

Mazza, M, Pino, MC, Mariano M, Tempesta D, Ferrara M, De Berardis D,
et al. Affective and cognitive empathy in adolescents with autism spectrum
disorder. Front Hum Neurosci. (2014) 8:791. doi: 10.3389/fnhum.2014.00791
Humphreys T, Polick AS, Howk LL, Thaxton JR, Ivancic AP. An evaluation of
repeating the discriminative stimulus when using least-to-most Prompting to
teach intraverbal behavior to children with autism. ] Appl Behav Anal. (2013)
46:534-8. doi: 10.1002/jaba.43

Ashwin C, Chapman E, Colle L, Baron-Cohen S. Impaired recognition of
negative basic emotions in autism: a test of the amygdala theory. Soc Neurosci.
(2006) 1:349-63. doi: 10.1080/17470910601040772

Baron-Cohen S, Bowen DC, Holt R], Allison C, Auyeung B, Lombardo MV,
et al. The “reading the mind in the eyes” test: complete absence of typical
sex difference in~ 400 men and women with autism. PLoS ONE. (2015)
10:¢0136521. doi: 10.1371/journal.pone.0136521

Vagnetti R, Pino MC, Masedu F, Peretti S, Le Donne I, Rossi R, et al.
Exploring the social cognition network in young adults with autism
spectrum disorder using graph analysis. Brain Behav. 10:¢01524. doi: 10.1002/
brb3.1524

M, Hwang D.-U.
Phys  Rep. (2006)

neuroanatomical

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Pino, Vagnetti, Masedu, Attanasio, Tiberti, Valenti and Mazza.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Psychiatry | www.frontiersin.org

October 2020 | Volume 11 | Article 579339


https://doi.org/10.1007/s10803-015-2363-3
https://doi.org/10.1007/s10803-017-3069-5
https://ebph.it/article/view/13226
https://doi.org/10.1007/s10803-016-2929-8
https://doi.org/10.1111/jcpp.12162
https://doi.org/10.1016/0010-0277(85)90022-8
https://doi.org/10.1016/j.ridd.2014.01.037
https://doi.org/10.1007/s10803-012-1498-8
https://doi.org/10.1016/j.jecp.2011.02.009
https://doi.org/10.1007/s10803-013-1935-3
https://doi.org/10.1037/0033-2909.115.1.74
https://doi.org/10.1007/BF02172093
https://doi.org/10.1007/BF02408558
https://doi.org/10.1080/17405629.2018.1537876
https://doi.org/10.1016/j.cortex.2015.02.001
https://doi.org/10.1016/j.neuroimage.2009.10.003
https://doi.org/10.1093/biostatistics/kxm045
https://doi.org/10.1214/aos/1176344136
https://doi.org/10.1371/journal.pone.0027407
https://doi.org/10.1016/j.socnet.2010.03.006
https://doi.org/10.3758/s13428-017-0862-1
https://www.R-project.org/
https://doi.org/10.1016/j.physrep.2005.10.009
https://doi.org/10.1103/PhysRevE.69.026113
https://doi.org/10.1088/1742-5468/2008/10/P10008
https://doi.org/10.1038/srep30750
https://doi.org/10.3389/fpsyg.2020.00004
https://doi.org/10.1016/j.cognition.2016.11.013
https://doi.org/10.1097/00001756-200009110-00020
https://doi.org/10.3389/fnhum.2014.00791
https://doi.org/10.1002/jaba.43
https://doi.org/10.1080/17470910601040772
https://doi.org/10.1371/journal.pone.0136521
https://doi.org/10.1002/brb3.1524
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

	Mapping the Network of Social Cognition Domains in Children With Autism Spectrum Disorder Through Graph Analysis
	Introduction
	Methods
	Participants
	Criterion for Group Matching
	Social Cognition Measures
	Eyes Task-Simplified bib10
	Comic Strip Task bib17
	Social Information Processing Interview bib12,bib13

	Statistical Analysis
	Comparison Between Groups
	Network Analysis
	Network Analysis: Construction of the Network
	Network Analysis: Group Comparisons
	Community Detection


	Results
	Comparison Between Groups
	Visualization of the Networks
	Graph Measures
	Community Detection

	Discussion
	Limitations
	Future Directions

	Conclusion
	Data Availability Statement
	Ethics Statement
	Informed Consent
	Author Contributions
	References


