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Background: The current study is an examination of the psychometric properties of the Norwegian
Social Responsiveness Scale (SRS), a measure of deficits in social behavior, in a neuropediatric
outpatient sample of children and adolescents with neurological and neurodevelopmental
disorders.

Method: The internal consistency of the SRS, the convergent validity of the SRS with the Vineland
Adaptive Behavior Scale-II (VABS-II), the Strengths and Difficulties Questionnaire (SDQ), and the
Aberrant Behavior Checklist (ABC) were examined, in addition to four different factor models of
the SRS (i.e., a one-factor, the original five-factor, a second-order five-factor model, and a 16-item
one-factor model) using confirmatory factor analyses.

Results: There was satisfactory internal consistency on all subscales, except for the Social
Awareness subscale. The SRS showed a somewhat meaningful overlap with parts of the related
scales on the VABS-II, the SDQ, and the ABC. Model fit indices were mixed for evaluating the four
different factor models. Overall, however, the model fit was rather poor.

Conclusions: The original SRS subscales showed adequate internal consistency and satisfactory
convergent validity on some of the subscales. The construct validity in terms of factor structure
was not acceptable. Future research should examine the psychometric properties of an improved
version of the SRS, especially in terms of improving the scale’s construct validity.

1. Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental condition characterized by qualitative abnormalities in relation to
reciprocal social interaction, such as restricted communication in addition to repetitive patterns of activities and interests (World
Health Organization, 2018). There is great individual variation in how the core symptoms develop and in their severity. In Norway,
0.7% of children receive an ASD diagnosis before the age of eight (Surén et al., 2019). The diagnostic understanding of autism has
changed over the years; currently, the autism spectrum is included in the newest version of the Diagnostic and Statistical Manual of
Mental Disorders (DSM-5; American Psychiatric Association, 2013) and the International Classification of Diseases (ICD-11; World
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Health Organization, 2018). This change allows for an assessment of an individual’s challenges on the autism spectrum in terms of
severity of symptoms rather than fitting into categories that may not completely encompass the true nature of the phenomenon.

ASD diagnosis is established on the basis of behavior presentation, typically using the “gold standard” assessment tools: the Autism
Diagnostic Observation Schedule (ADOS; Lord et al., 2000; Lord et al., 2012) and the Autism Diagnostic Interview (ADI-R; Rutter et al.,
2003). However, there are several screening tools used to aid in the diagnostic process, including the Social Responsiveness Scale (SRS;
Constantino & Gruber, 2012), which is frequently used. In line with the current understanding of ASD diagnostics, the SRS was
developed to provide a clinical severity measure of a varied range of deficits in reciprocal social behaviors; it offers an overall scale and
comprises the five subscales of social awareness, social cognition, social communication, social motivation, and autistic mannerisms.

The internal consistency of the subscales in terms of Cronbach’s alpha varies among study groups (Wang et al., 2012) and among
studies and has been found unacceptable (<0.70) for three subscales (social awareness, social cognition, social motivation) in Cen et al.
(2017), for one subscale (social awareness) in Duku et al. (2013) and Wigham et al. (2012), respectively, and for two subscales (social
cognition, social motivation) in Shahrivar et al. (2020). Fombonne et al. (2012), on the other hand, found acceptable to excellent
Cronbach’s alpha for the five scales in his study.

In addition, Bolte et al. (2008) reported negative correlations with the Vineland Adaptive Behavior Scale (VABS-II; e.g., SRS and
VABS-II total score r = —0.36 and SRS and VABS-II Socialization scale r = —0.41) and concluded that construct validity was ensured by
these correlations. Furthermore, Wigham et al. (2012) stated that convergent validity was supported through correlations between the
SRS total score and the Strengths and Difficulties Questionnaire (SDQ; Goodman, 1997) total problem score (r = 0.70, p < .01) in
addition to a significant, negative correlation between the SRS total score and the SDQ pro-social scale (r = —0.45, p < 01).

Given that the SRS appears in several languages, it is also important to establish linguistic equivalence and to determine the
consistency of the factor structure whenever possible. The factor structure of the SRS has been examined in several exploratory factor
analyses (EFA; Duku et al., 2013; Gau et al., 2013; Moul et al., 2015; Sturm et al., 2017) and confirmatory factor analyses (CFA; Cen
etal., 2017; Duku et al., 2013). The original five-factor model seems to have poor goodness-of-fit (Cen et al., 2017; Duku et al., 2013),
as well as a second-order five-factor model and a one-factor model (Duku et al., 2013). Based on the EFA and CFA results, suggestions
have been made to change the SRS by removing items or changing the number of factors (Duku et al., 2013; Gau et al., 2013; Moul
et al., 2015; Sturm et al., 2017). Sturm et al., (2017) developed and validated a 16-item SRS form and concluded that this short form
“may possess superior psychometric properties compared to the original scale” (p. 1053) in terms of reliability, relatedness to the
original SRS full version, and relation with gold standard assessment tools.

However, Constantino and Gruber (2005) originally described the five subscales of the SRS as ‘treatment subscales’, as they are
based on clinical experience and not derived empirically by factor analysis. The decision to continue to use the subscales was based on
the assumption that the subscales are clinically relevant and measure different aspects of social reciprocity, particularly in regard to
ASD, rather than a unidimensional approach (Constantino & Gruber, 2005). Although the subscales were not intended to be used as
independent measures, in research praxis they often are. Additionally, only one previous CFA using the non-English version was
conducted in a Chinese sample (Cen et al., 2017). None of these studies have been conducted using the Norwegian or another
Scandinavian version of the SRS, indicating the need for further research.

1.1. Study aim

The aims of the study were to examine the psychometric properties of the SRS in a relatively large neuropediatric sample of children
with neurodevelopmental and neurological disorders. First, we examine the characteristics of the different diagnostic groups and the
total sample in addition to the internal consistency (i.e., Cronbach’s alpha) for the five SRS subscales. Second, we examine the
convergent validity by correlating the SRS and its five subscales with other relevant measures addressing similar concepts (i.e., the
VABS-II (Sparrow et al., 2011), the Aberrant Behavior Checklist [ABC] (Aman & Singh, 1994), and the SDQ (Goodman, 1997)). It was
hypothesized that there would be (i) negative correlations between the SRS subscales and the VABS-II domains Communication and
Socialization and the VABS-II total scale, (ii) positive correlations between SRS subscales and total scale and the ABC subscales Social
Withdrawal, Inappropriate Speech, and Stereotyped Behavior; (iii) positive correlations between the SRS subscales and total scale and
the SDQ subscale Peer Problems; and (iiii) a negative correlation between the SRS total scale and the SDQ Prosocial subscale. We did
not specify the expected strength of the correlations a priori. This was because the measures/subscales we compared to those of the SRS
were used complementarily and not interchangeably with the SRS. Third, we conducted four CFAs of the SRS. Because the five
subscales are considered ‘treatment subscales’ (Constantino & Gruber, 2005) and used in research praxis, we examined a one-factor
model, a five-factor model, and a second-order five-factor model (Cen et al., 2017; Duku et al., 2013). However, these factor models
seem to have poor fit (Cen et al., 2017; Duku et al., 2013), highlighting a need to further elucidate the underlying factor structure of the
SRS. Therefore, we also examined the short version of the SRS consisting of 16 items that load on one factor (Sturm et al., 2017).
Because of previously reported findings, we expected the short version of the SRS to have the best model fit compared to the other
remaining models (Cen et al., 2017; pp. 1, 1273; Duku et al., 2013; Sturm et al., 2017).

2. Methods
2.1. Participants

The sample included a total of 343 patients (114 girls and 229 boys) referred for developmental/neurological assessment to two
neuropediatric outpatient clinics in northern Norway. The majority were referred to neuropediatric outpatient clinics in specialist
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health services at the University Hospital of North Norway (UNN; n = 292, 85.1%), and the remaining patients were referred to the
Finnmark Hospital Trust (n = 51, 14.9%). They were referred by general practitioners (n = 234, 68.2%) or medical specialists in
specialist health services (n = 109, 31.8%). The neuropediatric outpatient clinics provide interdisciplinary assessment with special
education therapists, pediatricians, physiotherapists, and neuropsychologists. The exclusion criteria for this study included an age
below four years. This was due to a lack of suitability of one or more instruments for that age group. In addition, a lack of parental
fluency in Norwegian was also a criterion for exclusion. Based on the criteria in the SRS manual, participants with incomplete SRS
forms (i.e., forms with more than the minimum of 16 items missing) were also excluded (n = 22).

The children were aged 4-18 years (M = 10.11, SD = 3.85). The mean index score of the individualized standardized intelligence
tests was 79.37 (SD = 17.23, range = 40-140). Over half of the children (68%) had one parent with a college or university degree. The
most frequent neurodevelopmental disorders in the sample, in descending order, were (a) specific developmental disorders (32%), (b)
ID (21%), (c) other diseases of the nervous system, such as epilepsy and cerebral palsy (16%), (d) ASD (15%), (e) ADHD (14%), and (f)
congenital malformations and chromosomal abnormalities (13%). The diagnoses were not mutually exclusive, so a given child could
have more than one diagnosis. For a further description of the design and sample, see Halvorsen et al. (2019).

2.2. Measures

The Norwegian SRS (Constantino & Gruber, 2005) is a 65-item questionnaire for children between 4 and 18 years of age used to
assess the severity of social impairment related to ASD and measure changes in the severity of social impairment as a response to an
intervention or over time. The SRS version used in the present study is identical to the newer SRS-II school age form (Constantino &
Gruber, 2012). It consists of five subscales: Social awareness (e.g., “Walks in between two people who are talking”, 8 items), Social
cognition (e.g., “Takes things too literally and doesn’t get the real meaning of the conversation”, 12 items), Social communication (e.g.,
“Talks with an unusual tone of voice (e.g., talks like a robot or like he or she is giving a lecture)”, 22 items), Social motivation (e.g.,
“Seems much more fidgety in social situations than when alone”, 11 items), and Autistic mannerisms (e.g., “Has repetitive, odd be-
haviors such as hand flapping or rocking”, 12 items). The SRS is rated by a parent/caretaker or a teacher. The SRS uses a Likert scale
with four response categories: 0 = “not true”, 1 = “sometimes true”, 2 = “often true” and 3 = “almost always true”. The total raw scores
can range from 0 to 195, with a higher score indicating a higher severity of symptoms. Psychometric properties of the SRS have been
reported in the introduction.

The VABS-II (Sparrow et al., 2011) is a semistructured interview and a widely used assessment tool for the evaluation of adaptive
behavior in 2-21 year olds (Sparrow et al., 2011). It evaluates adaptive behavior by inquiring about an individual’s ability to manage
oneself, personally and socially, in daily activities. Adaptive behavior is evaluated in four domains: communication, daily skills, social
abilities, and motor skills (only for children younger than seven years). The psychometric properties of the Norwegian version of the
VABS-II have been described in the manual using a representative Scandinavian sample of 1673 parents of children ages 2-21,
indicating good psychometric properties, and Scandinavian norms are available (Sparrow et al., 2011). The construct validity of the
instruments is among others supported through CFAs. Split-half reliability was satisfactory for the VABS-II Total (Sparrow et al., 2011).

The Norwegian ABC (Aman & Singh, 1994) is a behavior rating scale used to assess behavior problems in children and adults with
developmental disabilities. It is typically filled out by a parent or other close person in approximately 15 minutes and uses a 4-point
Likert scale, from 0 (“no problem”) to 3 (“serious problem”). It includes 58 items and consists of five subscales: Irritability (15 items),
Passivity and Social Withdrawal (16 items), Stereotypical Behavior (7 items), Hyperactivity (16 items), and Inappropriate Speech (4
items). The Norwegian version of the ABC has been found to have satisfactory psychometric properties in the current sample in terms
of internal consistency and correlations with other relevant constructs (Halvorsen et al., 2019).

The Norwegian SDQ parent report (Goodman, 1997) is a mental health questionnaire designed for children aged 4-16. It consists of
25 items divided into five subscales with five items each. The first four are categorized as problem scales: emotional symptoms,
hyperactivity-inattention, conduct problems, and peer problems. The final subscale assesses prosocial behavior. The SDQ uses a Likert
scale, from O (“not true”) to 2 (“certainly true”). The psychometric properties of the Norwegian SDQ have been examined in the current
sample (Kaiser & Halvorsen, 2022). For the SDQ parent version, internal consistency was adequate and to good for the four scales used
in the current study (i.e., emotional symptoms, hyperactivity-inattention, peer problems, and prosocial behavior scales). Correlations
with other constructs, such as the ABC scales, were meaningful. The results of the CFAs indicated the best model fit for the parent
version compared to the self-report or teacher version (Kaiser & Halvorsen, 2022).

Intellectual Function: Intellectual functioning/level was defined by the Full Scale IQ (FSIQ), which was assessed through an age-
appropriate standardized Wechsler intelligence test (Wechsler, 2007, 2008a, 2008b, 2009, 2012). Due to insufficient completion of
subtests on the Wechsler test, the FSIQ score for a small number of children was assessed using Raven’s Colored Progressive Matrices
(n = 14; Raven, 2004). The psychometric properties of the Norwegian versions of Wechsler Intelligence tests have been described in
the manuals. The Norwegian version of the WISC-IV was adjusted to the Norwegian context and has Norwegian norms. The norms were
based on a Norwegian standardization selection of 418 children aged 6 years to 16 years and 11 months. The Norwegian version has
proven to have good reliability, with coefficients between 0.86 and 0.98 (Wechsler, 2009). The validity of the Norwegian version
examined by confirmatory factor analysis showed that the original WISC-IV factor structure was transferable to the Norwegian version
(Wechsler, 2009).

2.3. Procedure

The interdisciplinary assessments at the neuropediatric clinics typically lasted two days. Assessments of the different aspects of
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neurodevelopmental disorders were completed by neuropsychologists, clinical psychologists, pediatricians, and physiotherapists. All
children completed standardized intelligence tests and the VABS-II with a neuropsychologist or clinical psychologist. Assessments of
neurological/neurodevelopmental disorders were completed by a pediatrician/neurology specialist with the use of instruments such as
EEG, MRI caput and genetic testing. Assessments regarding motor delays and muscle disease were completed by a physiotherapist.
Diagnoses of neurodevelopmental and neurological disorders, including ASD and ADHD, were obtained from the interdisciplinary
assessment. The ICD-10 criteria were used to code diagnoses (World Health Organization, 1992). The presence of an ID was oper-
ationalized as scoring below 70 on both the standardized intelligence test and the VABS-II. The study was approved by the appropriate
ethics committee. The data protection officer at UNN and Finnmark Hospital Trust approved the use of deidentified data for research
purposes.

2.4. Data analysis

SPSS 26 was used to calculate the descriptive statistics and internal consistency (i.e., Cronbach’s alpha). Cronbach’s alpha () equal
to or above .90 is excellent, .80 to .90 is good, .70 to .80 is adequate and below .70 is inadequate (European Federation of Psychol-
ogists’ Associations, 2013). Pearson’s correlations were used to address the relationship between SRS subscales, convergent validity,
age, and gender. The European Federation of Psychologists’ Associations (2013) guideline suggests convergent validity scores (r)
between. 55 to .65 are adequate, .65-0.75 are good, and above .75 is excellent.

Furthermore, four confirmatory factor analyses were conducted to examine the factor structure of the Norwegian SRS using SPSS
AMOS and the maximum likelihood estimator. In accordance with Constantino and Gruber (2005) and Duku et al. (2013), a one-factor
model, the original five-factor model, and a second-order five-factor model were analyzed. In addition, a short version of the SRS
consisting of 16 items that load on one factor was analyzed in accordance with Sturm et al. (2017). Model fit was evaluated using
goodness-of-fit indices, including chi-square, chi-square/df ratio, root mean squared error of approximation (RMSEA), Tucker-Lewis
index (TLI), and comparative fit index (CFI). The chi-square/df ratio was used to assess model fit with a range for acceptance from high
5.0 to low 2.0 (Hooper et al., 2008). The remaining criteria for good fit were based on Hu and Bentler (1999), with an RMSEA cutoff
often set at .06, with an upper limit of .07, and for the CFI and TLI, a value equal to or greater than 0.95. The Akaike information
criterion (AIC) was used to compare models. The model with the lowest value is considered the best fitting model (Hooper et al., 2008).
All analyses were conducted using the raw scores of the SRS.

3. Results
3.1. Participant characteristics and SRS scores

Table 1 provides demographic and clinical data in addition to means and standard deviations for the SRS subscales for the main
diagnostic groups and the total sample. The majority of the 343 patients were boys (n = 229, 66.8%), and the mean age was 10.11 (SD

= 3.85). Approximately 38 children were diagnosed with ASD, 36 with ADHD, 53 with intellectual disability (ID), and the remaining
children (n = 216) had different diagnoses, such as specific developmental disorders, epilepsy, and cerebral palsy. The mean score on

Table 1
Descriptive statistics for the different diagnostic groups and the total sample (N = 343).
ASD ADHD ID Remaining Total
M(SD) M(SD) M(SD) M (SD) M(SD)

N 38 36 53 216 343
Males n (%) 28 (73.7%) 29 (80.6%) 32 (60.4%) 140 (64.8%) 229 (66.8%)
Females n (%) 10 (26.3%) 7 (19.4%) 21 (39.6%) 76 (35.2%) 114 (33.2%)
Age 9.61 (3.98) 10.75 (3.43) 9.58 (4.00) 10.22 (3.86) 10.11 (3.85)
FSIQ 94.52 (12.59) 80.10 (11.78) 58.09 (7.65) 78.08 (16.22) 76.37 (17.23)
VABS-II Total score 60.24 (14.28) 62.34 (11.63) 56.43 (8.09) 72.01 (15.25) 67.13 (15.24)
Parental education

Primary school - 3(8.3) 2(3.8) 6 (2.8) 11 (3.2)

High School n (%) 9 (23.7%) 13 (36.1%) 14 (26.4%) 63 (29.2%) 99 (28.9%)

College/University n (%) 29 (76.3%) 20 (55.6%) 37 (69.8%) 147 (68.1%) 233 (67.9%)
SRS Awareness 10.35 (4) 9.94 (3.46) 9.66 (3.04) 7.77 (4.10) 8.58 (4.01)
SRS Cognition 13.74 (5.83) 14.42 (6.97) 13.10 (5.76) 10.59 (6.68) 11.72 (6.64)
SRS Communication 24.77 (10.43) 22.88 (9.84) 19.60 (8.00) 17.77 (10.62) 19.38 (10.44)
SRS Motivation 14.97 (5.73) 13.12 (6.07) 12.14 (5.45) 11.13 (5.91) 11.93 (5.94)
SRS Mannerisms 14.49 (7.27) 11.88 (7.47) 9.23 (5.67) 8.81 (6.96) 9.79 (7.08)
SRS total 76.06 (27.78) 71.93 (28.67) 63.14 (23.28) 55.34 (30.56) 60.65 (29.92)

Note. ASD = autism spectrum disorder (without ADHD or ID); ADHD = attention-deficit/hyperactivity disorder (without ASD or ID); ID = intellectual
disability (without ASD or ADHD).

FSIQ = Full Scale Intelligence Quotient; VABS-II =Vineland Adaptive Behavior Scale-II score; SRS raw score = Social Responsiveness Scale. The
subgroups did not reach an N of 343 because we only included subgroups relevant to the focus of this study. The remaining group included all
participants without isolated cases of ASD, ADHD or ID (n = 216; i.e., specific developmental disorders, other diseases of the nervous system such as
epilepsy and cerebral palsy, and congenital malformations and chromosomal abnormalities).
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the SRS total was 60.65 (SD = 29.92) for the total sample. Cronbach’s alpha was higher than .70 for four of the SRS subscales (a = 0.79
—-0.89), with the exception of the Social Awareness subscale (o« = 0.68).

3.2. The Relationship between SRS and Demographic and Clinical Variables

Table 2 includes the correlations among the examined variables as well as descriptive statistics. All subscales and the total scale of
the SRS correlated significantly with VABS-II subscales and the VABS-II total scale, the ABC subscales, and the SDQ subscales. The SRS
scales and the total scale correlated negatively with the VABS-II Communication subscale (ranging from r = —0.29 to r = —0.50) and
with the VABS-II Socialization subscale (ranging from r = —0.39 to —0.63). The SRS scales and total scale correlated positively with all
ABC scales (ranging from r = 0.27 to0.72). The SRS scales and the total scale correlated positively with the SDQ Peer Problems scale
(ranging from r = 0.43 to.57) and negatively with the SDQ Prosocial scale (ranging from r = —0.34 to —0.55).

3.3. Confirmatory factor analysis

Table 3 presents the results of the CFAs. The y? is significant (p < .001) in all four models, and the ¥ /df ratio is within the
acceptable range for all models. The TLI and CFI are under the recommended cutoff of .95 in all models. The AIC indicates the best
model fit for the SRS short version. The standardized factor loadings for the SRS short version are presented in Fig. 1. All factor loadings
were larger than .40, except for items 7, 38, and 54 (>0.30).

4. Discussion and implications

The SRS is a widely used rating scale among people with ASD and other neurodevelopmental disorders with co-occurring autistic
traits. Based on previous research, further examination of the psychometric properties of the SRS was necessary, and as far as the
authors know, none of the previously conducted psychometric studies have included a Norwegian or Scandinavian population.

The internal consistency of four of the five scales of the SRS was adequate and to good. However, it should be noted that the Social
Awareness subscale was the only subscale that did not have adequate internal consistency. This is in accordance with findings from
several previously published studies (Cen et al., 2017; Duku et al., 2013; Wigham et al., 2012). A low Cronbach’s alpha could, for
example, indicate poor interrelatedness between items or that the scale measures heterogeneous constructs (Tavakol & Dennick,
2011).

Regarding the convergent validity, correlations between the SRS and the other relevant measures, that is, the VABS-II, the ABC, and
the SDQ, were all significant and in the expected direction. In accordance with the guidelines from the European Federation of
Psychologists” Associations (2013), good scores were found between the SRS total scale and three subscales (i.e., the SRS Motivation
subscale, the SRS Communication, and the SRS Mannerism subscales) with the ABC Social withdrawal scale, indicating that similar

Table 2
Bivariate Relationship between SRS Subscales and Total Score and Demographic/Clinical Variables.
Variable M (SD)/n (%) SRS Awa SRS Cog SRS Com SRS Mot SRS Man SRS Total
Age 10.11 (3.85) -0.06 0.06 0.11 * 0.22 * ** 0.05 0.11
Gender?® 229 (66.8%) -0.00 -0.03 0.04 -0.05 0.08 -0.00
FSIQ 76.37 (17.32) -0.02 -0.23 * ** -0.03 -0.06 -0.05 -0.12
VABS-II
Communication 64.66 (13.85) -0.46 * ** -0.29 * ** -0.38 * ** -0.49 * **
Daily Living Skills 74.45 (14.62) -0.46 * ** -0.22 * ** -0.41 * ** -0.44 * **
Socialization 72.33 (15.68) * -0.55 *
Total 67.13 (15.24) -0.52 *
ABC
Irritability 6.13 (7.38) 0.42 * ** 0.54 * **
Social Withdrawal 5.74 (6.25) 0.69 * ** 0.72 * ** 0.62 * **
Stereotype 1.52 (2.71) 0.44 * * 0.27 * ** 0.56 * **
Hyperactivity 9.76 (9.99) 0.53 * ** 0.29 * ** 0.56 * **
Inappropriate Speech 1.73 (2.3) 0.56 * ** 0.32 * ** 0.62 * ** 0.60 * *
SDQ
Emotion 3.37 (2.59) 0.32 * ** 0.47 * ** 0.31 * ** 0.38 * **
Inattention/hyperactivity 3.85 (2.59) 0.45 * 0.22 * ** 0.42 * ** 0.47 *
Peer Problems 3.85(2.5) d 0.57 * 0.47 0.55
Prosocial 7.03 (2.38) -0.54 * ** -0.42 * ** -0.55 * ** -0.34 * ** -0.43 * ** -0.53 * **
ASD n (%) 38 (11.1%) 0.16 * * 0.11 0.18 * ** 0.18 * ** 0.23 * ** 0.19 * *
ADHD n (%) 36 (10.5%) 0.12 * 0.14 * 0.12 * 0.07 0.10 0.13 *
ID n (%) 53 (15.5%) 0.11 * 0.09 0.01 0.02 -0.03 0.04

Note. *Gender = male. SRS = Social Responsiveness Scale; Awa = Social Awareness; Cog = Social Cognition; Com = Social Communication; Mot =
Social Motivation; Man = Autistic Mannerisms. FSIQ = full scale intelligence quotient; VABS-II = Vineland Adaptive Behavior Scale-II; ABC =
Aberrant Behavior Checklist; SDQ = Strengths and Difficulties Questionnaire; ASD = Autism Spectrum Disorder; ADHD = Attention-Deficit/Hy-
peractivity Disorder; ID = Intellectual Disability.

*p < 0.05, **p < 0.01, ***p < 0.001.
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Table 3
Results of the confirmatory factor analyses (N = 343).
df ¥ x2/df RMSEA (90% CI) TLI CFI AIC
1. One factor 2015 5570.87° 2.77 .072 (0.070;0.074) 0.589 0.614 5960.87
2. Five factor 2005 5248.78" 2.62 .069 (0.067;0.071) 0.623 0.648 5658,78
3. Second-order five-factor 2010 5305.09" 2.64 .069 (0.067;0.072) 0.618 0.642 5705.09
4. SRS short version 104 394.02" 3.79 .088 (0.078;0.097) 0.799 0.846 490.02

Note. y > = Chi-Square; df = Degrees of Freedom; ? /df = Normed Chi-Square; RMSEA = Root Mean Squared Error of Approximation; 90% CI = 90%

Confidence Interval; TLI = Tucker-Lewis Index; CFI = Comparative Fit Index; AIC = Akaike Information Criterion.

2 p < 0.001.
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Fig. 1. Figure 1 displays the short version of the Social Responsiveness Scale with its 16 items and factor loadings (Sturm et al., 2017).



S. Kaiser et al. Research in Autism Spectrum Disorders 95 (2022) 101973

constructs have been examined. Similarly, SRS Mannerism subscales and the SRS total scale had good correlations with the ABC
Inappropriate speech scale. The remaining correlations between the SRS and the ABC were lower, indicating that the constructs are less
similar (European Federation of Psychologists’ Associations, 2013).

Correlations between the SRS total scale and the VABS-II scales were adequate for the Socialization scale and the VABS-II total score
in the current sample and in accordance with EFPA (2013) guidelines. However, findings in the literature are mixed. While Pine et al.
(2006) found excellent correlations between the SRS and the VABS-II total score, Bolte et al. (2008) and Charman et al. (2007) found
correlations that indicate that these instruments are less similar. Similar results to the one from Charman et al. (2007) are reported by
Hus et al. (2013) for the SRS total score and the VABS-II Socialization scale.

In contrast to Wigham et al. (2012), the current study found relatively low correlations between the SRS and the SDQ; however,
correlations were adequate, for example, for the SRS total score and the SDQ peer problems scale. The fact that VABS-II, ABC, and SDQ
do not overlap more with SRS may be because their targets are not identical. These measures are used complementarily and not
interchangeably with the SRS. However, they do have certain similarities and do correlate significantly and in the expected direction.

To evaluate the factor structure of the SRS, several CFAs were conducted (DiStefano & Hess, 2005). Model fit is generally evaluated
by using a combination of different fit indices (Hu & Bentler, 1999). In the current study, the chi-square test was significant in all
models, indicating that the theoretical models did not fit the data (Matsunaga, 2010). The chi-square/degrees of freedom ratios were
within the limit of the cutoff value, indicating acceptable model fit. An RMSEA smaller than .06, or at least smaller than .07, and a Tli
and CFI larger than .95 indicate good model-to-data fit (Hu & Bentler, 1999). In the current study, the RMSEA was on the upper limit
to .07 in all models, and the TLI and CFI were by far under the recommended cutoff value of .95. Taking all model fit indices into
account, this leads to the overall conclusion that the models had no acceptable model fit. In line with the current findings, previous
CFAs of the full version of the SRS have shown that the five-factor model seems to have poor goodness-of-fit (Cen et al., 2017; Duku
etal., 2013), as well as a second-order five-factor model and a one-factor model (Duku et al., 2013). Because of the poor model fit, it is
not surprising that several of the items in the present study were found to have poor factor loadings in all models. As an example, item
43 (“Separates easily from caregiver”; reverse scored) was found to be nonsignificant in the current as well as in other studies (Bolte
et al., 2008; Cheon et al., 2016). One possibility to improve model fit is to remove items with small factor loadings from the analysis
(Hooper et al., 2008). This has been done for the SRS by several researchers, such as Duku et al. (2013), who developed a 30-item SRS
form, by (Gau et al., 2013), who examined a four-factor 60-item SRS form, and by Moul et al. (2015) and Sturm et al. (2017), who both
developed a 16-item SRS form using different items. Because Sturm et al., (2017) developed a short SRS form using item response
theory, which was found to discriminate adequately between children without and with ASD in another study (Nguyen et al., 2019),
we decided to use this model in the current study. Although the AIC indicated the best model fit for the SRS short version, compared to
the models using the long version of the SRS, the remaining model fit indices were rather poor. Taking into account the widespread use
of the SRS and the findings of the current study in terms of Cronbach’s alphas, the correlations of the SRS with other instruments, and
especially the results of the factor analyses, that are in line with previous research, further scale refinement is indicated.

4.1. Limitations

There are several limitations that must be considered when reading and interpreting the findings of the current study. First, we did
not examine the criterion validity of the SRS scores with ASD diagnoses, as those findings would have been somewhat misleading. The
sample included participants with different diagnoses, such as ASD, ADHD, and ID, without co-occurring diagnoses, as well as par-
ticipants with epilepsy and other diagnoses and comorbidities. Typically developing participants were not included. In addition, ASD
diagnoses were based on ICD-10 criteria obtained from medical records. It would have been beneficial to have the SRS compared
directly with specific ASD measures, such as ADOS and ADI-R. However, only scant information was available regarding those scores in
the current sample. Furthermore, the sample that consisted of participants with different diagnoses and with perhaps varying autistic
traits might also have contributed to the somewhat poor model fit in the different CFAs. However, previously conducted research has
also used samples with mixed diagnoses to examine SRS (e.g., Moul et al., 2015; Wang et al., 2012). The SRS is a measure of deficits in
social behavior and is relevant not only for the assessment of patients with ASD but also for patients with other disorders, such as
epilepsy or ID (Aburahma et al., 2021). Aburahma et al. (2021) proposed, for example, that the SRS should be used ‘as a social
impairment screening tool to identify children requiring referral for comprehensive psychiatric assessment’ (p. 1171). Another
consideration that must be taken into account when interpreting the findings is that the sample size was relatively small in relation to
the complex models that were analyzed using CFA (Kyriazos, 2018). However, the CFA analyses were probably adequately powered
taking into account the sample size, the number of indicators, and the few missing datapoints, and thus not the reason for the poor
model fit (Wolf et al., 2013). It would have been desirable to use the weighted least square mean and variance adjusted (WLSMV)
estimator; however, there were model conversion problems for the five-factor model of the original SRS, which might be related to the
relatively small sample size. Using an ML estimator might have led to less accurate factor loadings (Li, 2016), standard errors (DiS-
tefano, 2002), and chi-square test results (Beauducel & Herzberg, 2006).

4.2. Future research

Future research should continue to examine the psychometric properties of the SRS in larger samples and aim at improving its
factor structure. A promising alternative to a 65-item full version of the SRS could be a shortened version. In particular, the psy-
chometric properties of a reduced version should be examined in the future, as it might be a useful screening instrument in clinical
practice as well as for research.
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4.3. Conclusion

The SRS is a widely used quantitative measure of autistic traits. Studies of the scale’s psychometric properties are important to shed
light on the strengths and weaknesses of the instrument and provide input for further developmental needs in this field. The majority of
the SRS subscales in the current study had adequate internal consistency. The findings from the present study in a mixed neuro-
developmental/neurological sample found the SRS parent version to be reliable overall and show meaningful overlap with related
measures. However, the lack of SRS construct validity in terms of underling factor structures (one-, five- and second-order five-factor
models) on the 65-item long form, indicates that the SRS would profit from further scale refinement. Although the short version had
poor model fit in the current study, generally reducing questions from a 65-item to a shortened questionnaire by applying scientific
methods that lead to an equally sound or even improved instrument could be useful and save time both in clinical and research praxis.
This is especially important for the SRS, which has been found to have poor model fit in its original form in several studies. Future
research is needed that examines the psychometric properties of an improved version of the SRS.
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