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Abstract

Objective: Research Domain Criteria (RDoC) operationalizes a set of basic social dimensions
that can be used to deconstruct sources of variation in social impairments across affected
individuals, regardless of their diagnostic status. This step is necessary towards the development of
etiologically-based and individualized treatments. The main objective of the current investigation
was to derive estimations of the RDoC social constructs from the Social Responsiveness Scale
(SRS-2).

Method: Exploratory Structural Equation Modeling (ESEM) and Confirmatory Factor Analysis
(CFA) were conducted using individual SRS-2 items from 6 distinct databases (total A= 27953;
Mage= 9.55, SD=3.79; 71.7% male participants) spanning normative (33.8%) and atypical
(66.2%) development. The following models were estimated: (1) a 1-factor model; (2) a 3-factor
model with separate Attachment and Affiliation (AA), Social Communication (SC), and
Understanding of Mental States (UMS) factors, and (3) a 4-factor model where SC was further
split into Production of Facial (PFC) and Non-Facial (PNFC) communication.
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Results: The 1-factor solution showed poor fit. The 3-factor solution had adequate fit
(comparative fit index [CFI]=.952, Tucker Lewis index [TLI]=.937, root mean square error of
approximation [RMSEA]=.054), however, 4-factor solution had superior fit (CFl=.973,
TLI=.961, RMSEA=.042) and was robust across age, gender and clinical status.

Conclusion: To our knowledge, this is the first study examining estimations of the RDoC social
constructs from an existing measure. Reported findings show promise for capturing important
RDoC social constructs using the SRS-2 and highlight crucial areas for the development of novel
dimensional social processing measures.
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Introduction

Disruption of social functioning and difficulties in navigating the complexities of the social
world are an early and defining feature of autism spectrum disorder (ASD) and also occur
across a wide array of neurodevelopmental, neuropsychiatric and neurodegenerative
disorders.1 Social impairments persist over time, significantly contributing to poor
outcomes for affected individuals and their families and to considerable public health costs.
58 Social deficits therefore constitute a critical domain for long-term outcomes and an
important intervention target. However, there is a striking heterogeneity in the profile of
social deficits and strengths across individuals diagnosed with ASD and in their response to
treatments.910 Noted heterogeneity in social functioning is by no means specific to ASD but
is apparent across other neurodevelopmental and neuropsychiatric disorders. Indeed,
individuals classified under a range of separate diagnostic categories can exhibit a range of
shared social functioning deficits, while those diagnosed with the same disorder can exhibit
different deficits.12:12 These limitations of the current diagnostic systems and the lack of
accurate characterization of the mechanisms underlying social deficits present an obstacle on
the path to precision medicine and the identification of meaningful subgroups that will
facilitate the development of more effective and targeted interventions.

A fully dimensional alternative to the categorically based diagnostic systems offered by the
National Institute of Mental Health’s (NIMH) Research Domain Criteria (RDoC)11.13
operationalizes an initial set of basic, biologically meaningful dimensions that underpin
social functioning. Specified domains include the ability to perceive and interpret social
signals, motivation to engage in social interactions and form social bonds, and skills
necessary for initiating and maintaining social interactions and relationships. These
constructs and are posited to be subserved by a sophisticated, highly connected network of
brain regions including amygdala, anterior insula, superior temporal sulcus, ventral and
medial prefrontal cortex and the temporo-parietal junction.14-17 Given the complexity of the
social processes and the partial mutual dependence of the constituting basic components,
even slight deviations in any of the noted social constructs can result in a significant social
impairment. Individuals exhibiting diverse phenotypic presentations require varied treatment
approaches which will be more or less effective depending on the individual’s profile of
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strengths and weaknesses across different components of the social phenotype. Therefore the
potential utility of the dimensions put forward by the RDoC in deconstructing sources of
variation in social impairments across affected individuals, regardless of their diagnostic
status, presents a promising and a necessary step towards the development of etiologically-
based, individualized treatments.

Despite the significant promise, the translation of the RDoC framework into research and
clinical practice has been impeded by the lack of dedicated measures for assessing proposed
dimensions. Therefore establishing effective means of capturing and extracting relevant
RDoC domains from already collected data, even in a manner that is somewhat suboptimal,
can offer an important bridge towards providing initial testing of the explanatory power of
this framework. This would also present research and clinical communities with alternative
means of assessing key dimensional constructs until measures specifically designed to
capture components of functioning across clinical, at risk and normative populations are
developed. Recognizing this issue, the NIMH has established a working group to identify
existing measures that are able to tap into some of the proposed RDoC constructs.18

One of the measures recommended by the NIMH workgroup?8 is the Social Responsiveness
Scale (SRS-2).1920 The SRS-2 is a quantitative measure of social functioning that has
previously been used mainly within the context of autism spectrum disorder (ASD) as a
measurement of quantitative trait severity, a screening instrument in the general population
and diagnostic aid to clinical diagnostic practice, showing good cross-cultural validity.21-23
Relevant to the RDoC framework, the SRS-2 has a good dimensionality and it was designed
to cover the four different aspects of social deficits—social awareness, social cognition,
social communication and social motivation, in addition to assessing autistic mannerisms.
However, the original five factors were not supported in the subsequent studies.?1.22.24
Although earlier factor analyses have suggested the unidimensional structure?1:22:25.26 more
recent and advanced applications of the factor analytic procedures have suggested that
unidimensional model shows poor fit?” and that two,24 four,28:2% and five2* factors provide
more precise analytical solutions of the SRS-2 structure. Particularly encouraging from the
RDoC perspective is a study by Frazier and colleagues? that has identified several factors
including social avoidance, emotion recognition and interpersonal relatedness which bear
resemblance to a range of constructs and sub-constructs defined by the RDoC. Although
work by Frazier and colleagues offers initial promising insights into the potential utility of
the SRS-2, the usefulness of the derived factors is limited by the fact that several potentially
distinct constructs are conflated within a single factor, and the identified factors contain
items that do not map onto the hypothesized constructs (e.g., “Seems self-confident when
interacting with others” and “Is not well coordinated” in the case of emotion recognition and
interpersonal relatedness factors, respectively). Therefore, although the SRS-2 holds the
potential of approximating some of the RDoC social constructs, further fine-grained factor
analytical work in larger and clinically more diverse samples is needed.

Work presented here follows the recommendations from the NIMH workgroup!8 and
combines an integrative data analysis framework39-31 with advanced variable-centered
statistical approaches including confirmatory factor analysis and the exploratory structural
equation modeling32:33 to explore the utility of the SRS-2, one of the most commonly used
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scale to assess social abilities, for depicting proposed RDoC social dimensions in a data
set an order of magnitude larger than all previous studies, spanning normative and atypical
development. We first explore the unidimensional model given that a range of studies still
utilize total score following earlier factor analytic studies positing that SRS is best
represented as a unitary factor.1® Secondly, we explore the three-factor solution where SRS
social and communication items are mapped onto the RDoC constructs of Attachment and
Affiliation, Social Communication, and Perception and Understanding of Mental States.
Thirdly, we examine a more fine-grained structure where the Social Communication
construct was further decomposed into the production of non-facial and facial
communication sub-constructs as described in the RDoC framework. Given that previous
factor analytical explorations of the SRS that have identified several potential distinct facets
captured by this measure, we will compare the fit of these solutions to the best fitting
derived RDoC factor solution. Findings from both the general and ASD literature suggest
distinct developmental trajectories and gender effects of distinct aspects of social
functioning.34:35 In addition, several ASD studies have found association between
chronological age and gender with the expression of social deficits captured by the SRS
specifically/24:36 Interestingly, a recent study by Wallace and colleagues®® found that while
the social-communication abilities measure by the SRS-2 improved with age in a sample of
typically developing children, the opposite was observed in children with ASD. Therefore,
in addition to exploring the fit and stability of the derived RDoC factor solution across
normative and clinical populations, we will also evaluate the effects of age, gender and
diagnosis on the expression of identified, distinct RDoC social constructs.

Data were obtained from six distinct databases: Healthy Brain Network;3’ SRS-2
standardization dataset;38 National Database for Autism Research (https:/ndar.nih.gov);
Simons Simplex Collection;3% Autism Genetic Research Exchange;*? Interactive Autism
Research Database (http://iancommunity.org). These datasets include individuals with ASD,
their siblings, typically developing and individuals with a range of neurodevelopmental and
neuropsychiatric disorders (NDD/NPD). Supplement 1, available online, provides a detailed
description of each sample.

All participants or their parent/legal guardian have provided informed consent for
participation. Only individuals aged 18 years or younger with SRS-2 (parent report) data
were included in this study. The final sample (N= 27953) consisted of predominantly male
participants (69.6%), aged 2.04-18.94 years (Mzge= 9.55, SD= 3.79). Table 1 presents
demographic and diagnostic characteristics separately for each of the databases.

The Social Responsiveness Scale (SRS-2) is a 65-item measure designed to index severity in
social impairments as well as the presence of repetitive behaviors. Each item is rated on a 4-
point Likert scale (from 1= Not True to 4= Almost Always True) with higher scores
indicating higher trait severity/atypicality.
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Data Analysis

After all six samples were combined, the resulting dataset (N= 27953) was randomly split
into initial/construction (Sample 1; n=14033; Mg~ 9.54, SD= 3.79; 69.5% male
participants) and validation (Sample 2; n= 13920; M_,,e= 9.55, SD= 3.80, 69.7% male
participants) datasets with the comparable distribution of ASD, NDD/NPD, TD, and
unaffected siblings (Sample 1: 59.7% ASD, 24.6% unaffected siblings, 9.4% typically
developing, 6.3% NDD/NPD; Sample 2: 60.3% ASD, 24.4% unaffected siblings, 9.3%
typically developing, 6% NDD/NPD). SRS items were conceptually mapped onto the
overarching RDoC social constructs, as well as onto the more fine-grained social constructs
described in the introduction. Seventeen researchers with expertize in social processes across
NDD/NPD and TD independently mapped each item against relevant RDoC constructs (for
mapping of items against the RDoC constructs see Table S1, available online). For the
analyses, each item was mapped onto the specific RDoC construct/subconstruct if there was
an agreement across 14 or more experts (>80%). Items that simultaneously sampled absence
and atypicality (e.g. item 16 asking whether individual avoids eye contact or has unusual eye
contact) or items indicated by the first and senior author, and by research experts, to sample
behaviors that could result from a range of distinct processes (e.g., items 36 and 37
measuring individual’s difficulty in relating to adults and peers, respectively) were not
included in the analyses given the RDoC emphasis on the importance of assessing basic
constructs that do not encompass a range of different processes. Items taping into non-social
behaviors/constructs or that had both social and non-social aspects (e.g. items 14, 39, 50, 59
asking whether individual is well coordinated, exhibits narrow range of interests, behaviors
such as hand flapping or rocking, and suspicious towards others, respectively) were excluded
given the present focus on the RDoC social processes domain. Although item 43 was
mapped onto the Attachment and Affiliation construct by 16 experts, it did not load onto any
of the constructs in the ESEM analysis (detailed overview provided below). Therefore, final
analysis included twenty-six items.

All factor analyses were conducted using MPLUS 8.0.40 Confirmatory factor analysis (CFA)
is a dominant approach for validating measurement and construct structure. However, CFA
commonly constrains item loading only onto the hypothesized factor which often results in
poor fit and biased parameter estimates in psychology and psychiatry research where items
are expected to also load onto the non-target factors (constructs).3341 Therefore, as a
primary means for examining SRS RDoC models, we utilized a confirmatory application of
a novel analytical framework—Exploratory Structural Equation Modelling (ESEM)32:33
which does not require loadings of items onto non-target factor to be zero. Following the
current recommendations,33 we compared statistical indexes of models derived through both
ESEM and CFA. Robust maximum likelihood estimator was used. Analyses were also re-run
using the polychoric correlations with the weighted least square estimator. Model fit was
evaluated using the following fit indices: the Comparative Fit Index (CFI); the Tucker-Lewis
Index (TLI); the Root Mean Square Error of Approximation (RMSEA); the Standardized
Root Mean Square Residual (SRMR). The following cut-offs were applied: (i) CFl and TLI
values > .90 indicating adequate and > .95 excellent fit; (i) RMSEA and SRSM values of

< .08 indicating adequate and < .06 excellent fit, with RMSEA 90% confidence intervals

< .08 and the close fit-test with a pvalue > .05. Fit indices were first evaluated in the initial/
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construction subsample, and then in the validation subsample to ensure the robustness of the
models.

In order to explore age and gender effects on the identified RDoC social factors, factor
scores were regressed on age and gender in normative (typically developing and unaffected
siblings), ASD and other clinical conditions samples. Regression models were run in SPSS*2
and performed with 5000 resamples bootstrapping to provide more robust statistics.*3

The ESEM and CFA models are presented in Table 2. The unidimensional model had
unsatisfactory fit (CFI=.782, TLI=.763, RMSEA= .105). The 4-factor model including
Attachment and Affiliation (AA), Production of Facial (PFC) and Non-Facial (PNFC)
Communication, and Understanding of Mental States (UMS) had a superior fit to the three-
factor model, both when using ESEM (CFI=.973, TLI=.961, RMSEA= .042 vs CFl=.952,
TLI=.937, RMSEA=.054) and CFA (CFI=.935, TLI=.928, RMSEA=.058 vs CFI=.927,
TLI= 919, RMSEA=.061), across both construction and validation subsamples, and was
therefore retained for further exploration. The ESEM framework indicated a more optimal fit
and significantly lower factor correlations than CFA (See Figure 1 for ESEM and Figure 2
for CFA for the whole sample). All items loaded onto the hypothesized factor with the
following exceptions: item 5 relating to the ability of the individual to recognize when others
are trying to take advantage of her/him was originally mapped onto UMS but ESEM
suggested it significantly loaded onto the PNFC factor; Item 12 relating to individual’s
ability to communicated his/her feelings was originally mapped onto the PNFC factor, but
ESEM showed significant loading onto the USM factor instead. Item 56 was originally
mapped onto the UMS but ESEM suggested it significantly loaded onto the PNFC factor.
The derived 4-factor solution was then compared to the fit of the following SRS-2 factor
solutions previously reported in the literature: (i) 2-factor solution derived by Frazier and
colleagues?* (Factor 1: social communication and interaction, Factor 2: restricted, repetitive
pattern of behavior), 4-factor solutions identified by (ii) Gau and colleagues?® (Factor 1
combining social, communication and repetitive behavior items, Factor 2 mostly repetitive
behavior items, Factor 3 social awareness, Factor 4 mostly items related to emotional aspects
of behavior) and (iii) Nelson and colleagues?® (social awareness and competence, repetitive
behaviors, atypical social communication, and social avoidance), (iv) 5-factor solution by
Frazier and colleagues?* (emotion recognition, social avoidance, interpersonal relatedness,
insistence on sameness, and repetitive mannerisms). Fit indices of these models are
presented in Table 2. As can be seen, 4-factor RDoC solution showed a more optimal fit to
the solutions previously reported in the literature.

Stability of the derived correlated 4-factor solution was further confirmed across (i)
diagnostic group (TD, unaffected siblings, clinical sample), (ii) sex and (iii) age (sample was
divided into children aged 2-6, 7-12 and 13-18 years). In addition, a range of SRS-2 items
assume child to have a certain level of verbal ability and although the majority of these items
were not included in our final 4-factor solution, we have sought to confirm the stability of
the derived factor structure separately in subsamples of non-verbal and verbal children.
Children were classified as verbal and non-verbal based on the item 1 from the Social
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Communication Questionnaire (SCQ).%8 SCQ data were available for n= 15936 children
(12% were non-verbal and 88% verbal). Table 3 shows fit indices across the tested models.
A 4-factor solution showed excellent fit across typical and atypical development, age, sex
and verbal status and items loadings onto AA, PNFC, PFC and UMS factors were
comparable and significant across tested subgroups.

Table 4 shows the effects of age and gender across typically developing, ASD and non-ASD
clinical groups. There were significant associations between (i) older age and more severe
and PFC scores, (ii) younger age and more severe PNFC and UMS scores, and (iii) female
gender and less severe PNFC scores across all groups. Female gender was associated with
higher PFC scores in individuals from non-ASD clinical conditions, however, no significant
effects for gender on PFC were observed in TD and ASD groups. Conversely, while gender
was not significantly associated with AA scores for individuals from non-ASD clinical
conditions, both TD and ASD female participants had less severe AA scores. Finally, female
participants with ASD had more severe UMS scores, however, the opposite direction of the
effect was observed in the other two groups.

Discussion

The present study utilized advanced variable-centered statistical approaches to derive
estimations of the Research Domain Criteria (RDoC) social constructs and sub-constructs
from the Social Responsiveness Scale (SRS-2) in the largest dataset to date spanning both
normative and clinical populations. The fine-grained four-factor model reflecting RDoC
constructs of Attachment and Affiliation (AA), Production of Facial (PFC) and Non-Facial
(PNFC) Communication, and Understanding of Mental States (UMS) showed superior fit
across construction and validation subsamples and across clinical, normative and subsample
of unaffected siblings of individuals with ASD. The three-factor solution where PFC and
PNFC sub-constructs were merged into social communication (resembling solution derived
by Frazier et al.2%) showed adequate, but less optimal fit. Consistent with Frazier and
colleagues and others, the unidimensional model provided a poor fit. Crucially, identified
four-factor structure was robust, with excellent fit and very similar loadings of items onto
AA, PFC, PNFC, and UMS factors across age, gender, verbal level and typical and atypical
development. Finally, the four-factor model showed a more optimal fit to the data when
compared to the two-, four and five-factor SRS-2 solutions previously reported in the
literature,2428.29 however, given that our aim was not to identify the best fitting general SRS
factor solution but rather to evaluate the ability of the SRS-2 to approximate RDoC social
sub-constructs, alternative factor structures, especially in relation to the structure of ASD,
are possible and should be used depending on the specific aim and focus of the analysis.

RDoC social constructs and subconstructs captured by the SRS-2 showed a distinct pattern
of associations with age and gender, and some of these effects were moderated based on the
clinical status. Across both typical and atypical development, female gender was associated
with less severe PNFC scores, a finding consistent with the previous literature on higher
social interaction skills in female participants, irrespective of the diagnosis.24:34:35
Consistent with the previous literature on social motivation in both ASD and typical
development,** we found that female gender was associated with less severe SRS-2 AA
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scores across both of these subgroups. We further replicated and extended previous work
suggesting that female participants with ASD might show a more severe phenotype in
certain aspects of social cognition,24 an opposite pattern to the one seen in typical
development.#> Across both typically developing and clinical subsamples, older age was
associated with more problems in the affiliation and attachment and production of facial
communication, and fewer problems in the production of the non-facial communication and
understanding of mental states RDoC constructs as captured by the derived SRS-2 factors.
Although these findings are consistent with the general literature suggesting that both social
interaction skills and the ability to perceive and interpret social signals become progressively
more advanced and sophisticated over time,3446 it is important to note that given the cross-
sectional nature of the data reported here, inferences about the development are necessarily
tenuous and some of the observed age effects might be due to the sampling differences
across age.24 Detailed longitudinal explorations of these phenomena across both normative
and atypical development, and how they mutually interact across sensitive developmental
periods in order to produce distinct clinical presentations, is needed in order to further
clarify findings reported here. For example, lower levels of affiliative behaviors and social
drive over time might occur in individuals who initially had intact desire to interact socially
but have faced accumulated negative social experiences due the impairments in other social
domains (such as for example ability to understand others’ intentions and read social cues
and/or limited social skills). Alternatively, for certain individuals with good UMS and social
skills, lack of social drive might just become more apparent over time, as societal
expectations increase. Finally, for a subgroup of individuals, the decrease in the desire to
socially engage might be a result of additional emerging psychopathology, such as the
development of psychotic symptoms and other forms of developing psychopathology,
including generalized and social anxiety disorders, as well as depression symptoms.

As suggested by the RDoC, the overall impairments in social functioning and the ability to
navigate the social world seen across individuals belonging to a range of diagnostic
categories are likely underpinned by distinct areas of weakness, which combined with some
preserved (or less impaired) skills, necessitates individually tailored treatment approaches.
Therefore, the crucial next step will be to address the question of whether identified social
constructs can be used to provide a meaningful characterization of individual clinical cases
and to derive predictive profiles in treatment-oriented research. There is a potential for
significant synergy between the approach we have taken here and recently developed Natural
Language Processing (NLP) algorithms for extracting overarching RDoC domains from the
electronic health records.4” More specifically, developed NLP algorithms can be used to
sample individuals with general social impairment from large clinical populations, who
would then be further profiled at the individual level using the derived SRS-2 RDoC factors.
This research pipeline would capitalize on the recommendations for dimensional
psychopathology research designs*8 and enable identification of clinically useful and
biologically valid subtypes that have higher descriptive and predictive power than the current
categorical classes.

On a more conceptual level, the proposed structure of the social processes put forward by
the RDoC will need to be empirically tested and further refined. For example, the
Attachment and Affiliation might be too general given that it encompasses a range of
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potentially distinct constructs. More specifically, social motivation, which is currently
subsumed under the broad attachment and affiliation construct, has been suggested to
encompass a range of distinct components including social orienting, interest, approach and
social liking.5%:51 In addition, RDoC currently draws distinction between the perception of
facial and non-facial communication and conceptualizes understanding of mental states as
unitary construct, however, in the social cognition literature there is a long standing debate
on how best to conceptualize these processes. In fact some experts draw distinction between
processing of the low-level and high-level information (e.g. recognition of facial emotion
expression vs theory of mind) or between affective and cognitive processing, and others
including constructs such as social attribution.>2:23 Finally, several models of social
processes have highlighted social learning,>* social avoidance,>® or withdrawal, 16 and
regulation of emotions in social contexts?57 as important constructs. Therefore, although our
study provides very preliminary psychometric evidence for the validity of the attachment
and affiliation production of facial and non-facial communication and understanding of
mental states constructs, further work integrating multiple measures of social functioning is
needed to examine and further refine the RDoC matrix and to arrive at the empirically
derived, comprehensive nosology of the social processes across normative and atypical
development.

Promising findings from the current study need to be considered in light of several notable
limitations. Firstly, although the sample used here spanned normative and different
NDD/NPD groups as well as unaffected siblings of individuals with ASD, thus providing a
wide variability across social dimensions, the clinical distribution was nevertheless heavily
skewed towards the ASD and the findings reported here should be considered predominantly
in terms of their relevance to ASD. Therefore future work is needed to further refine derived
factors within large non-ASD clinical samples. Secondly, our ability to test RDoC constructs
was biased by both the selection of items that were submitted to the ESEM/CFA as well as
by the coverage of the instrument itself. More specifically, although the SRS is a quantitative
measure that samples a relatively wide range of social behaviors, traits and abilities, it was
nevertheless designed in the context of ASD and the coverage of social processes was not
rooted in the current conceptual models of social functioning, including the one put forward
by the RDoC. As a consequence, in the current analysis, PFC construct is only represented
by two items. From a purely psychometric perspective, it has been demonstrated that two, or
even single-item indicators can be reliable*950 and this has been supported by the stability
of the PNFC construct across different subgroups in the current analysis. However, from the
perspective of clinically, etiologically, and treatment-oriented research, it is clear that
additional items capturing different facets of facial communication are essential. Similarly,
the PNFC construct does not include important behavioral indicators, such as different types
of gestures, and is skewed towards social impairments characteristic of ASD. Further, AA
construct does not capture the full range of motivation, attachment and affiliative behavior.
Finally, the SRS-2 does not specifically assess reception construct and subconstructs nor
does it include items tapping into constructs such as social attribution. Given this, it is
important to consider the development of new instruments that will assess the above noted
behaviors and dimensions in greater detail. Importantly, future scales should include a
balanced number of items to enable a comprehensive assessment of the different dimensions
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identified in the present investigation. As noted, a number of SRS-2 items require individual
to demonstrate a certain level of verbal ability. Although the majority of these items were
not included in the RDoC SRS-2 scales we derived here, and identified factor structure was
robust across verbal and non-verbal samples, it is clear that this question will need to be
more adequately tackled by future new scales. Although the subjective-report unit of
analysis is particularly important for clinical practice and affords ecological validity not
offered by other measurement modalities, RDoC aims to recast psychopathology in light of
impairments in basic biological systems and emphasizes the importance of measuring
specific constructs and subconstructs across a spectrum of units of analysis. It will therefore
be important for future investigations to span across different units of analyses, including
genes, circuits, physiology, and paradigms and provide cross-modal and measurement
validation of the factors derived here. Accordingly, performance-based assessment should be
developed and included in the process of assessing the different social domains to minimize
the known biases and limitations related to the subjective reports. It will also be important to
further explore the invariance of social processes factor structure reported here across
informants including self-report and teacher/clinician report. Finally, although given the
sample size the potential of subject overlap across the data sets to influence findings is
minimal, it is important to consider findings reported here in light of this limitation.

Findings presented here have several important theoretical and clinical implications. The
purpose of this study was not to arrive at the best fitting general SRS factor solution, and
therefore alternative factor structures, especially as it relates to the structure of ASD, are
possible. Rather, our focus was to evaluate the ability of SRS, a widely used quantitative
measure, to approximate RDoC social sub-constructs and we believe that resultant excellent
statistical fit and robustness of the structure across age, gender, verbal ability and clinical
status suggest that this aim was achieved thus demonstrating promise of SRS for capturing
important RDoC social constructs albeit in a somewhat imprecise way. Therefore, factors
derived here present a valuable resource for mapping RDoC constructs across both research
and clinical contexts thus providing an important bridge towards initial testing of the
explanatory power of the RDoC framework. In addition, a range of robust big data sets that
span normative and clinical populations, and include multiple units of analyses, are currently
accessible enabling further exploration of the clinical and biological validity of the derived
social constructs. Crucial next step for illustrating the potential utility of the RDoC social
processes constructs and subconstructs for clinical and etiological research will be to utilize
person-centered approaches in order to identify subgroups of individuals with unique
constellations of strengths and weakness across distinct components of social processing.
Finally, our findings highlight crucial areas for the development of novel, dedicated
dimensional measures of social processing.
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Figure 1.
Exploratory Structural Equation Modelling Correlated 4-Factor Solution

Note: Solid lines represent factor loadings and curved lines represent the correlation among
factors.
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Confirmatory Factor Analysis (CFA) 4-Factor Solution

Note: Solid lines represent factor loadings and curved lines represent the correlation among
factors.
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Table 1:
Demographic Characteristics
Study
SRS Norm (n=
HBN (n=1301) 1179) NDAR (n=4954) SSC (n=5591) AGRE (n=2282) 1AN (n=12646)

Mean age (SD), years ~ 10.54 (3.17) 9.06 (4.59) 9.52 (4.59) 9.03 (3.56) 8.34 (3.54) 9.77 (3.87)
Male % 63 48.7 78.3 68.3 68.6 69.4
Diagnostic
Groupa

ASD % 8.2 100 68.1 57.9 100 64.3

Unaffected NA NA NA 421 NA 35.6

Sibling %

TD % 12.9 NA 255 NA NA NA

NDD/NPD% 78.9 NA 6.4 NA NA 0.1

Note: AGRE = Autism Genetic Research Exchange; ASD = autism spectrum disorder; HBN = Healthy Brain Network; IAN = Interactive Autism
Research Database; NDAR = National Database for Autism Research; NDD/NPD = neuropsychiatric/neurodevelopmental disorders; SRS Norm =
Social Responsiveness Scale standardization dataset; SSC = Simons Simplex Collection; TD = typically developing.

a - . e . .
For detailed information on specific diagnoses see Supplement 1, available online.
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Table 4:

Relationship Between Research Domain Criteria (RDoC) Social Responsiveness Scale (SRS-2) Social

Constructs with Age and Gender

B SE t p BCa 95% ClI
AA TD CA 167 001 14269 <.001 .007;.009
Sex -.039 .052 -3.343 .001 -.274; -.071
ASD CA 139 001 17.648 <.001 .010; .012
Sex -.012 .073 -1.469 .142 -.249; .036
Other Clinical CA 196 .002 7.292 <.001 .011; .019
Sex -.014 179 -511 .609 -.443; .260
PNFC TD CA -112 001 -9423 <001 -.009;-.006
Sex -.048 .077 -4.024 <.001 -.463;-.160
ASD CA -039 .001 -4956 <001 -.006;-.003
Sex -.020 .100 -2.558 .011 -.452; -.060
Other Clinical CA -115 .003 -4.257 <.001 -.019;-.007
Sex -.109 .266 -4.015 <.001 -1.592;-.547
PFC TD CA 045 000 3775 <.001 .000; .001
Sex -.003 .023 -.247 .885 -.050; .039
ASD CA 171 000 21.773 <.001 .005; .006
Sex .004 .031 .520 .603 -.044; .077
Other Clinical CA 192 001 5126 <.001 .004; .009
Sex .088 117  2.367 .018 .047; .507
UMS TD CA -107 .001 -9.137 <001 -.016;-.010
Sex -.096 .138 -8.136 <.001 -1.397;-.854
ASD CA -.048 .001 -6.103 <001 -.009;-.005
Sex .023 133 2915 .004 .127; .650
Other Clinical CA -.108 .004 -3.963 <.001 -.025;-.008
Sex -.115 366 -4.244 <001 -2.269;-.834
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Note: AA = Attachment and Affiliation; ASD = autism spectrum disorder; BCa 95% Cl= bias-corrected and accelerated 95% confidence internal;

CA = Chronological Age; PNFC = Production of Non-Facial Communication; PFC = Production of Facial Communication; TD = typically

developing; UMS = Understanding of Mental States.
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