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Abstract 

There is marked variability in the presentation of core diagnostic features across autistic 

individuals. This poses a significant obstacle for research design and interpretability, as 

well as for understanding clinical outcomes. Cluster Analysis (CA) has been used to 

divide large autistic populations into smaller, more homogeneous subgroups on selected 

criteria. Social Competence (SC) is a promising variable for identifying autistic subtypes 

within the domain of social functioning. The present study aimed to extract homogenous 

SC-based subgroups from a sample of 78 autistic youth (13 females) aged 6-13 (mean = 

9.8, SD = 1.75) of average intellectual functioning. Five CAs were conducted on select 

subsets of participant’s Multidimensional Social Competence Scale (MSCS) profiles, and 

One-way Analyses of Variance (ANOVAs) were conducted to examine the MSCS-

related variance within and between clusters. Between-cluster differences in Social 

Responsiveness Scale, 2nd Edition (SRS-2) scores, IQ, age, and gender were also 

examined. One cluster solution resulted in a “low”, “medium” and “high” scoring cluster, 

while the remaining cluster solutions resulted in more complex SC profiles. Results show 

that heterogeneous autistic populations can successfully be divided into more socially 

homogeneous subgroups using CA techniques. The continued conceptualization of 

homogeneous autistic subgroups may be used to advance the development of 

individualized interventions, and further our understanding of between-group differences 

within autism. 
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Chapter 1.  
 
Introduction 

Autism Spectrum Disorder (ASD) is a neurodevelopmental disability that is 

characterized by “social impairment” and the presence of “restricted interests or 

repetitive behaviours” (American Psychiatric Association, 2013). In the Diagnostic and 

Statistical Manual of Mental Disorders - Fourth Edition Text Revision (DSM-IV-TR), ASD 

was conceptualized under the umbrella of Pervasive Developmental Disorders (PDD) 

and was subdivided into three distinct categories: autistic disorder, Asperger’s disorder, 

and pervasive developmental disorder not otherwise specified (Grzadzinski, Huerta & 

Lord, 2013). Despite the delineation of distinct diagnostic categories, there was 

significant overlap in diagnostic criteria across disorders, heterogeneity of symptom 

presentation within diagnostic categories, and poor predictive validity of outcome related 

to diagnostic category (Grzadzinski, Huerta & Lord, 2013; Witwer & Lecavalier, 2008; 

Yager, 2012). As a result of insufficient evidence to support the DSM-IV-TR sub-

categorization of Pervasive Developmental Disorders, the three disorder categories were 

amalgamated under a single diagnostic label of Autism Spectrum Disorder in the 

Diagnostic and Statistical Manual of Mental Disorders Fifth Edition (DSM-5) (American 

Psychiatric Association, 2013; Grzadzinski, Huerta & Lord, 2013; Yager, 2012).1 

The expanded conceptualization of autism has resulted in greater within-group 

heterogeneity, as it encompasses a diverse array of profiles with respect to the quantity 

and quality of symptom presentations (Grzadzinski, Huerta & Lord, 2013). Autistic 

individuals show marked variability in their presentation of core diagnostic 

symptomatology, and across non-diagnostic domains (Grzadzinski, Huerta & Lord, 

2013). With regard to the former, there is a wide range in the combination of symptoms 

that individuals display across the social functioning and restricted interests/repetitive 

 
1 For the remainder of this paper, the terms “autism” as well as identity-first language (e.g., 
“autistic person”) will be used, as opposed to the term “Autism Spectrum Disorder” and person-
first language (e.g., “person with autism”), as these are reported as being the preferred 
terminology within the autism community (Botha, Hanlon, & Williams, 2021; Canadian Autism 
Spectrum Disorder Alliance [CASDA], 2020). Any variations in the language that I use are for the 
purpose of being consistent with the terminology that is used in the original studies that are being 
discussed. 
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behaviour domains, and in the nature and magnitude of their symptoms (Grzadzinski, 

Huerta & Lord, 2013; Yager, 2012). For example, within the social-skills domain, autistic 

individuals can vary anywhere from showing “poorly integrated verbal and nonverbal 

communication” to “a total lack of facial expressions and nonverbal communication”, yet 

belong to the same clinical population according to current diagnostic criteria (American 

Psychiatric Association, 2013). With respect to the restricted interests and repetitive 

behaviours domain, individuals must demonstrate at least two behaviours, interests or 

activities that are restricted or repetitive in their nature, which can range from “unusual 

interest in sensory aspects of the environment”, to “inflexible adherence to routines” 

(American Psychiatric Association, 2013). Autistic individuals also vary in presentation 

across non-diagnostic domains such as cognitive ability, adaptive functioning, language 

skills, emotion regulation, comorbid diagnoses (psychopathological and medical), onset 

patterns, and developmental trajectories (Grzadzinski, Huerta & Lord, 2013; Masi et al., 

2017; Ousley & Cermak, 2014; Yager, 2012). Cognitive ability, operationalized by 

Intellectual Quotient (IQ), is particularly heterogeneous across the autism spectrum. IQ 

scores vary at the overall level, ranging from “Extremely Low” scores, indicative of 

“severe” Intellectual Disability (ID), to “Extremely High” scores, indicative of “superior” 

intelligence. Within individual IQ profiles, variations in verbal and non-verbal IQ scores 

are common (Beglinger & Smith, 2001; Grzadzinski, Huerta & Lord, 2013; Witwer & 

Lecavalier, 2008). Several studies have identified relations between IQ and 

developmental outcomes, social skills, symptom severity, and overall “impairment” 

(Beglinger & Smith, 2001; Bennett et al., 2014; Grzadzinski, Huerta & Lord, 2013). 

Similarly, other non-diagnostic factors, including adaptive functioning, language skills, 

comorbid diagnoses, and onset patterns have been associated with overall outcome, 

level of “impairment” and developmental trajectories (Beglinger & Smith, 2001; Bennett 

et al., 2014; Grzadzinski, Huerta & Lord, 2013; Masi et al., 2017). In consideration of the 

impact that many non-diagnostic features have on autism prognosis and overall 

functioning, the DSM-5 incorporated the use of clinical specifiers to better characterize 

heterogeneity in autism beyond the core diagnostic criteria (de Giambattista et al., 

2019). These specifiers are used to indicate the presence of comorbid intellectual 

disability, language difficulties, comorbid medical or psychopathological disorder, and 

catatonia, as well as three severity specifiers: “requiring support”, “requiring substantial 

support”, and “requiring very substantial support” (American Psychiatric Association, 

2013; Bennett et al., 2014; de Giambattista et al., 2019). 
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The heterogeneity in symptom presentation across the autistic community poses 

a significant obstacle for research design and interpretability, as well as for 

understanding clinical outcomes (Grzadzinski, Huerta & Lord, 2013; Lombardo, Lai & 

Baron-Cohen, 2019; Wolfers et al., 2019). At the research design level, results from 

studies with highly heterogeneous participant samples can be difficult to interpret and to 

apply across subgroups in the population. Heterogeneity in autism also complicates the 

interpretation of clinical outcomes, such as differences in treatment response patterns 

(Lombardo, Lai & Baron-Cohen, 2019). Researchers have postulated that variation in 

treatment response is likely a result of heterogeneity in symptom profiles, and that 

subgroups with more homogeneous symptom profiles may demonstrate similar 

treatment response patterns (Lombardo, Lai & Baron-Cohen, 2019; Scheeren, Koot & 

Begeer, 2012). Beglinger and Smith (2005), for example, compared IQ changes in 37 

autistic youth (39-71 months old) following Early Intensive Behavioural Intervention 

(EIBI), and found differing levels of treatment response across three social functioning-

based subgroups. Results from studies with very specific, homogeneous subsamples, 

on the other hand, cannot be generalized to other subgroups. Thus, autism researchers 

must strike a balance between selecting clearly-defined participant inclusion criteria that 

isolates an appropriately homogeneous sample for their study, without significantly 

compromising the generalizability of their results (Lombardo, Lai & Baron-Cohen, 2019; 

Yager, 2012). 

Based on the assumption that homogeneous subgroups may respond similarly to 

treatment, future interventions could be tailored to the needs of specific autistic 

subgroups, allowing for more targeted, individualized care (Lombardo, Lai & Baron-

Cohen, 2019). This form of individualized treatment would promote movement towards 

precision medicine, in contrast to a ‘one size fits all’ approach to services (Lombardo, Lai 

& Baron-Cohen, 2019). However, in order to create such targeted interventions, we must 

first address the existing heterogeneity in autism by identifying clinically meaningful 

subgroups with more homogeneous symptom profiles (de Giambattista et al., 2019; 

Eapen, 2014; Lombardo, Lai & Baron-Cohen, 2019).  

Additionally, the establishment of homogeneous autistic subgroups might 

advance the identification of biological mechanisms in autism (Grzadzinski, Huerta & 

Lord, 2013; Lombardo, Lai & Baron-Cohen, 2019; Loth et al., 2017; Wolfers et al., 2019). 

The variability across the autistic population is likely reflective of underlying differences 
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in the risk factors, genetic architecture, and etiology of autistic subgroups (Grzadzinski, 

Huerta & Lord, 2013; Lombardo, Lai & Baron-Cohen, 2019; Loth et al., 2017). This 

theory can be explored by assessing for genotypic similarities in phenotypically-similar 

autistic subgroups. The first challenge in this process is the meaningful classification of 

autistic subgroups. The EU-AIMS Longitudinal European Autism Project (LEAP), for 

example, is working to identify stratification biomarkers, which are biological 

characteristics by which autistic subgroups can be classified. In LEAP’s future research, 

stratification biomarkers will be used for identifying genetic differences between 

subgroups and discerning overlap between phenotypic heterogeneity and etiology within 

autistic subgroups (Loth et al., 2017). 

In sum, the conceptualization of more homogeneous phenotypic subgroups may 

advance the development of individualized interventions, and contribute to the 

identification of between-group differences within autism that reflect shared etiology 

among phenotypically-similar individuals. 

1.1. Approaches to Parsing Heterogeneity within Autism 

The autism subtyping literature is divided between studies that employ 

conceptual versus empirical approaches to parsing heterogeneity (Beglinger & Smith, 

2001; Wolfers et al., 2019). Conceptual approaches, such as the DSM-IV-TR 

classification, rely on clinical judgement to determine group membership (Beglinger & 

Smith, 2001). Empirical approaches, on the other hand, take a bottom-up approach by 

employing statistical analyses to determine subgroups (Beglinger & Smith, 2001). Early 

subtyping studies tended to focus on examining variability within both non-diagnostic 

symptoms and within core diagnostic criteria (Grzadzinski, Huerta & Lord, 2013; Ousley 

& Cermak, 2014). Subcategorization efforts with non-diagnostic symptoms have since 

included variables such as intellectual functioning, language delays, adaptive functioning 

and co-morbid medical and psychiatric conditions (Beglinger & Smith, 2001; Eaves, Ho 

& Eaves, 1994; Grzadzinski, Huerta & Lord, 2013; Ousley & Cermak, 2014). Such 

factors, particularly intellectual functioning, are often included in subtyping studies 

because they are strongly related to autism prognosis (Beglinger & Smith, 2001; Eaves, 

Ho & Eaves, 1994).  
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Existing subtyping studies further differ with regard to the breadth of 

symptomology that is subjected to analysis, from taking a broad approach to 

categorization, focusing on presentation across various domains of functioning, to taking 

a more targeted approach, by isolating specific symptom subdomains for analysis 

(Yager & Iarocci, 2013).  

1.1.1. Broad Symptom-Based Approach 

Studies that employ the broad symptom-based approach to investigate 

heterogeneity often rely on data from diagnostic assessment tools, such as the Autism 

Diagnostic Observation Schedule, Second Edition (ADOS-2), the Autism Diagnostic 

Interview-Revised (ADI-R), and the Autism Behaviour Checklist (ABC). CA studies of 

ADI-R data have commonly revealed three to four autistic subgroups with inconsistent 

groupings across studies. For example, Verte et al. (2006) identified three clusters that 

differed primarily with respect to degree of symptom severity across ADI-R domains, 

whereas Cholemkery et al. (2016) identified three clusters with more complex 

differences; one cluster was characterized by the greatest level of overall “impairment”, a 

second with more Social Communication Impairments (SCI) difficulties than Restricted 

and Repetitive Behaviours (RRB), and a third with more RRB difficulties than SCI. Hu 

and Steinberg (2009) identified four clusters with ADI-R data, one with “severe language 

impairment”, a second with greater frequency of savant skills, a third with mild symptom 

presentation, and a fourth with intermediate symptom presentation. 

Other broad symptom-based approaches utilize a combination of data from 

diagnostic measures and non-diagnostic symptomology, such as comorbid diagnoses, 

non-diagnostic behavioural characteristics, cognition, and adaptive functioning. For 

example, Wiggins and colleagues (2017), conducted a Latent Class Analysis (LCA) of 

707 autistic children between the ages of 2-5 years, across a wide variety of diagnostic 

features (e.g., the ADOS severity score, developmental characteristics and 

symptomology identified by the ADI-R), and non-diagnostic symptoms, such as the 

severity of various internalizing and externalizing behaviours and social communication 

abilities. The analysis identified four autistic subgroups categorized as a “mild language 

delay group with cognitive rigidity”, a “mild language delay group with motor delay and 

dysregulation”, a “general developmental delay group”, and a “significant developmental 

delay group with repetitive motor behaviours” (Wiggins et al., 2017).  
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Nevertheless, broad symptom-based approaches are limited by the variables and 

measures that are selected for analysis. Thus, such analyses are subject to researcher 

bias as to which factors are most relevant (Yager, 2012). Furthermore, diagnostic 

measures that are commonly used in broad symptom-based approaches, such as the 

ADI-R, were initially designed for making diagnostic distinctions between autistic and 

non-autistic individuals, and for distinguishing between the former PDD subtypes. These 

tools were not designed to identify more nuanced variability in symptom presentation 

within the autistic population, which presents a significant limitation for their use in 

subtyping research. Overall, broad symptom-based approaches may lack the level of 

detail that is necessary in subtyping analyses in order to classify individuals by more 

subtle variations in symptom presentation. Finally, and perhaps most importantly, it is 

unlikely that any broad symptom-based subgrouping approach will sufficiently account 

for the range of autistic presentations, given the substantial heterogeneity within both 

diagnostic and non-diagnostic features of autism. 

1.1.2. Isolating Specific Symptom Domains 

A more targeted approach to investigating variations in symptomology is to 

explore heterogeneity within specific domains of functioning. Narrowing in on a single 

domain of functioning may enable the identification of domain-specific homogenous 

subgroups that share underlying causal mechanisms and account for some variation in 

autism symptom presentation (Yager & Iarocci, 2013). This approach can uncover small 

components of the heterogeneity in autism, however, the aggregation of similar studies 

across various symptom domains may be used to piece together a more thorough, big-

picture understanding, of the variability that presents across the autism spectrum. As 

expressed by Grzadinski and colleagues (2013), “No single study will be sufficient to 

accurately define (autistic) subgroups, but the emerging accumulation of research can 

begin to bolster understanding in this area”. 

Subtyping studies that isolate specific symptom domains are divided between 

those that explore variations in non-diagnostic versus diagnostic symptoms. Research 

on non-diagnostic symptom variation has focused on an array of variables, including 

cognitive functioning, language ability, treatment response, gaze response, sensory 

features, and the presence of comorbid medical conditions (Ausderau et al., 2016; 
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Campbell et al., 2014; Feczko et al., 2018; Ousley & Cermak, 2014; Paynter, Trembath 

& Lane, 2018; Tager-Flusberg, 2004).  

Variation in diagnostic symptomology, on the other hand, is divided between the 

“social impairment” and “restricted interests or repetitive behaviours” domains 

(Waterhouse, London & Gillberg, 2016). The social skills-based criterion is a commonly-

used variable for parsing autism heterogeneity (Beglinger & Smith, 2001; Ingram, 

Takahashi & Miles, 2008). Early autism researchers conceptualized the social profiles of 

autistic individuals into three subtypes: “aloof”, “passive”, and “active but odd” (Gould, 

2013; Wing & Gould, 1979). Individuals in the “aloof” category appear socially withdrawn 

and demonstrate a general lack of interest in, or motivation towards, social interactions 

(Wing & Gould, 1979). The “passive” category is marked by an apparent indifference 

towards social interactions (Wing & Gould, 1979). “Passive” individuals do not initiate or 

actively seek social interactions but will typically accept others’ social advances (Wing & 

Gould, 1979). Individuals in the “active but odd” category are highly socially motivated, 

but approach and engage in interactions with others in a manner that is considered 

unusual or socially inappropriate (Gould, 2013; Wing & Gould, 1979).  

Several studies have since explored social skills-related subgroups within autistic 

populations, and many have identified similar three-cluster solutions to the one outlined 

by Wing and Gould (1979). Volkmar et al. (1989) classified 149 children and adults with 

a range of developmental disabilities (including autism) into Wing and Gould’s (1979) 

subgroups using clinician’s judgements informed by previously collected clinical records 

of the participants. The clinicians were able to reliably classify individuals into the three 

social subgroups, which differed primarily with respect to IQ scores and somewhat with 

respect to chronological age (Volkmar et al., 1989). Specifically, younger individuals and 

those with the lowest IQ scores were commonly placed in the aloof subgroup, the oldest 

individuals and those with the highest IQ scores were typically placed in the active-but-

odd subgroup, and those who were placed in the passive subgroup commonly fell in the 

middle with respect to both age and IQ scores (Volkmar et al., 1989). Borden et al. 

(1994) also examined the validity of Wing and Gould’s (1979) social subtypes and found 

good inter-rater reliability for the aloof and active-but-odd subtypes, but poor inter-rater 

reliability for the passive subtype classification. Borden and colleagues (1994) also 

identified subgroup-related differences between the active-but-odd and aloof subgroups 

on measures of social interaction, language/communication ability, RRBs, autism 
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severity, adaptive behaviour, and intellectual functioning that support the validity of Wing 

and Gould’s subgroup descriptions. Only partial support was found, however, for the 

distinction between passive and aloof subgroup differences, and insufficient support was 

found to distinguish passive and active-but-odd subgroup differences (Borden et al., 

1994). Unlike Volkmar et al. (1989), Borden and colleagues (1994) did not find 

significant age-related differences across the three subgroups. 

In 1993, Castelloe and Dawson devised the Wings Subgroups Questionnaire 

(WSQ) for classifying autistic individuals into each of three social skills-based subgroups 

identified by Wing and Gould (1979). The WSQ consists of 13 sets of four behavioural 

descriptions corresponding with aloof, passive, active-but-odd, or typically developing 

(TD) subgroup behaviour. Castelloe and Dawson (1993) evaluated 36 autistic children 

using the WSQ, following observations during a 30-minute play period, and compared 

these evaluations with parent WSQ responses. This study demonstrated support for 

Wing and Gould’s (1979) three-subtype solution within an autistic population, and for the 

WSQ as a means for classifying autistic children by social subtypes (Castelloe and 

Dawson, 1993). Subsequent applications of the WSQ have demonstrated continued 

support for the subtyping tool, and have identified additional characteristics of the 

various subtypes (Beglinger et al., 2005; Scheeren et al., 2012). Beglinger et al. (2005), 

detected significantly smaller IQ changes in an aloof subgroup than in an active-but-odd 

or passive subgroup following a course of EIBI for autistic children aged 39–71 months. 

Scheeren et al. (2012) also identified associations between the active-but-odd subgroup 

and symptoms of autism, attention problems, hyperactivity, and executive functioning 

difficulties. Recently, Meng and colleagues (2018) modified and translated the WSQ, 

renamed the Beijing Autism Subtyping Questionnaire (BASQ), for use in a Chinese 

population. With a sample of autistic (n = 250) and TD (n = 130) children, 2-10 years of 

age, Meng et al. (2018) were able to demonstrate improved reliability and validity of the 

questionnaire and provided additional support for Wing and Gould’s (1979) three-cluster 

solution for autism-related social subgroups.  

Previous attempts at identifying homogenous social subtypes within autism have 

often been hampered by a reliance on conceptual approaches to classification, or by the 

measures of social functioning that are employed. Conceptual approaches to 

classification, such as clinician assignment of Wing social subtype membership, are 

vulnerable to clinical bias and a lack of clarity or consistency surrounding the particular 
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criteria that is considered for subtype assignment (Beglinger & Smith, 2001). In more 

empirical approaches, on the other hand, the scope of data that is selected for analysis 

is limited by the social functioning measures that are employed (Beglinger & Smith, 

2001). For example, many studies utilize social skills ratings from diagnostic measures, 

such as the ADOS-2 and ADI-R, which were designed for making categorical diagnostic 

distinctions as opposed to a more nuanced dimensional assessment of social 

functioning, or measures such as the Social Responsiveness Scale, 2nd Edition (SRS-

2), that include items concerning functioning outside the realm of social skills (e.g., the 

Restricted Interests and Repetitive Behaviours [RIRB] domain), and therefore introduce 

construct-irrelevant variance with respect to the assessment of social functioning 

(Constantino, 2000; Yager, 2012; Yager & Iarocci, 2013). Other measurement limitations 

include general measures of social functioning that were not specifically designed for 

use with autistic populations, such as the Vineland Adaptive Behaviour Scales-2nd 

Edition (VABS-2) or the Social Skills Rating Scales (SSRS), which may fail to capture 

unique social characteristics within autism, and measures that produce a single index 

score as opposed to a multidimensional conceptualization of social competence 

(Constantino, 2000; Yager, 2012; Yager & Iarocci, 2013). Finally, many studies have 

explored social functioning-based subgroups by assessing for the presence or absence 

of specific social skills, without extending beyond individual social skills to evaluate 

broader social competence (SC), which is the ability to effectively integrate and adapt 

these skills when navigating social interactions (Constantino, 2000; Yager, 2012; Yager 

& Iarocci, 2013). 

1.2. Social Competence and Autism 

Social competence (SC) refers to an individual’s ability to meet social demands 

and achieve social goals at an age-appropriate level across ever-changing interpersonal 

dynamics and contexts (Bennett et al., 2014; Iarocci, Yager & Elfers, 2007; Semrud-

Clikeman, 2007; Yager, 2012). SC is considered a multidimensional construct, as it is 

composed of numerous social sub-domains that can each be conceptualized as a 

continuum of ability levels (Yager & Iarocci, 2013).  

The Multidimensional Social Competence Scale (MSCS) was developed to 

assess individual profiles of SC across various facets of the construct (Yager & Iarocci, 

2013). The MSCS is a parent-report measure of social functioning for autistic youth ages 
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11-18 that consists of 7 SC domains: social motivation, social inferencing, demonstrating 

empathic concern, social knowledge, verbal conversation skills, nonverbal sending skills, 

and emotion regulation (Yager & Iarocci, 2013). Social motivation pertains to the 

individual’s motivation towards, and explicit attempts at, engaging in social behaviour 

with others (Yager & Iarocci, 2013). Social inferencing concerns one’s ability to practice 

perspective-taking, and to recognize and interpret social cues (Yager & Iarocci, 2013). 

The demonstrating empathic concern domain bears on one’s ability to comfort or show 

concern for others when upset (Yager & Iarocci, 2013). Social knowledge refers to one’s 

understanding of the norms and “rules” that govern social interactions and relationships, 

such as the appropriate ways to communicate with a peer versus authority figure (Yager 

& Iarocci, 2013). Verbal conversation skills are the abilities needed to appropriately 

engage in verbal communication with others, such as turn-taking ability (Yager & Iarocci, 

2013). Nonverbal sending skills include use of body language, gestures, and other non-

verbal communication cues (Yager & Iarocci, 2013). Emotion regulation pertains to one’s 

ability to monitor and regulate their emotional states and expression of such emotions, 

particularly monitoring of negative emotions such as anger (Yager & Iarocci, 2013).  

Factor analyses of the MSCS have revealed a higher-order solution that consists 

of two factors: a “Social Responsiveness” subscale, comprising the social motivation, 

demonstrating empathic concern, and nonverbal sending skills domains, and a “Social 

Understanding/Emotion Regulation” subscale, containing the social inferencing, social 

knowledge, verbal conversation skills, and emotion regulation domains (Trevisan, 

Tafreshi, Slaney, Yager, & Iarocci, 2018; Yager & Iarocci, 2013). A single-factor model of 

fit representing a global “social competence” score has also been evaluated but was 

found to have poor fit for the MSCS (Yager & Iarocci, 2013). Thus, the MSCS can be 

used to evaluate individuals’ SC across each of the seven domains, or at the higher-

order two-subscale level, both of which allow for a more detailed investigation of social 

competence profiles. 

1.3. Present Study 

The objective of the present study was to investigate heterogeneity across SC 

profiles of autistic individuals to explore the presence of dimensionally-homogenous 

subgroups. Cluster analyses were conducted on MSCS data from autistic children, in 

order to examine the distribution of SC profiles. We expected to identify between 2-4 
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clusters of SC profiles, based on previous research findings in this range (Borden et al., 

1994; Castelloe and Dawson, 1993; Volkmar et al., 1989; Wing & Gould, 1979). 

Following the identification of SC clusters, we investigated MSCS-related similarities 

within subgroups, and differences between sub-groups, to identify the commonalities or 

defining characteristics of the various clusters. Based on the literature, we expected that 

the defining features of any clusters would correspond with Wing and Gould’s (1979) 

social subtypes. Specifically, clusters were expected to differ in overall SC across the 

MSCS domains and subscales, particularly on the Social Motivation domain. 

Next, in order to externally validate our findings, we investigated the social 

variability across clusters using a different measure of social skills, the Social 

Responsiveness Scale, 2nd Edition (SRS-2). Finally, we investigated for IQ, age, and 

gender-related differences between SC clusters. We anticipated that SC clusters would 

not differ significantly with respect to chronological age, given the MSCS’s good 

discriminant validity with respect to this factor (Yager & Iarocci, 2013). We were 

uncertain, however, if the SC clusters would differ with respect to intellectual functioning, 

as the MSCS has been shown to correlate with IQ scores, though this finding was in a 

sample of non-autistic children (Johnston & Iarocci, 2017). Finally, some studies have 

reported non-significant differences in gender distribution across social competence-

based subgroups, though many studies do not report the association between gender 

and subgroup membership (Borden et al., 1994; Volkmar et al., 1989). Separate cluster 

analyses were conducted using participants’ seven-domain MSCS profiles, Social 

Responsiveness-factor profiles, and Social Understanding/Emotion Regulation-factor 

profiles. 

The identification of homogeneous SC-based subgroups can assist with future 

sub-categorization of the disability and serve as a first step toward improving the search 

for endophenotypes and genotypes associated with specific forms of autism (Loth et al., 

2017). In addition, the identification of specific SC profiles may facilitate more effective 

approaches to treatment. Because SC difficulties are a defining feature of autism, social 

skill development is a common target of therapeutic interventions for the disability 

(Carter et al., 2014; Whalon, Conroy, Martinez & Werch, 2015). Autistic individuals 

demonstrate heterogeneity across SC domains, experience diverse social challenges, 

and respond differently to social skills-based interventions (Yager & Iarocci, 2013). 
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Tailoring therapeutic interventions to the needs of more homogeneous SC subgroups 

may result in more effective treatment of SC difficulties in autistic individuals. 
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Chapter 2.  
 
Method 

2.1. Participants 

This study utilized previously collected data from Simon Fraser University (SFU), 

British Columbia. The present study was granted ethics approval for secondary data 

analysis in June 2020 by the SFU Research Ethics Board (REB). The sample consisted 

of 78 children (13 females) aged 6-13 (M = 9.80, SD = 1.75), from the lower mainland 

region of British Columbia, with an autism diagnosis. Participants were recruited from the 

Autism and Developmental Disabilities Lab database. Caregivers completed a variety of 

questionnaires and the participants attended in-person testing at SFU between 2015 and 

2019. Participants were compensated financially for their time or participated in a free 

day-long “summer camp” as a form of compensation, depending on the original study in 

which they enrolled. Inclusion in the study required a formal clinical diagnosis of autism 

from a licensed practitioner, and at least average intelligence, as determined by a 

minimum IQ of 71 points. IQ was established with the Weschler Abbreviated Scale of 

Intelligence, 2nd edition (WASI-II) and caregivers provided documentation of their child’s 

autism diagnosis. See Appendix A for further information about the sample’s 

demographic characteristics as well as the basic summary statistics and coefficient 

alphas for the measures in this study. 

2.2. Measures 

2.2.1. Demographics Questionnaire 

The demographics questionnaire collected information regarding the child’s age, 

gender2, ethnicity, and autism diagnosis, as well as family Socio Economic Status (SES) 

and parent education. 

 
2 Gender was a self-reported, trichotomous variable (male, female, or transgender) in the original 
study, but no participants self-identified as transgender. 
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2.2.2. Multidimensional Social Competence Scale (MSCS) 

The MSCS consists of 77 items on which parents evaluate their child’s social 

functioning (e.g., “Seeks out people to spend time with”) (Yager, 2012). Evaluations are 

made using a 5-point response format, with a value of 1 indicating “not true or almost 

never true” to a score of 5 communicating “very true or almost always true” (Yager, 

2012). The measure was originally developed and validated with autistic youth without 

intellectual disability between the ages of 11 and 18 but has been expanded for use with 

typically developing young adults up to 25 years of age, and autistic children as young 

as 6 years of age (Johnston & Iarocci, 2017; Trevisan, Tafreshi, Slaney, Yager, & 

Iarocci, 2013; Trevisan, Enns, Birmingham, & Iarocci, 2021). Confirmatory Factor 

Analyses have identified the following 7 domains within the MSCS: social motivation, 

social inferencing, demonstrating empathic concern, social knowledge, verbal 

conversation skills, nonverbal sending skills, and emotion regulation (Yager & Iarocci, 

2013). High scores on each domain are associated with greater competence in that area 

(Yager & Iarocci, 2013). Factor Analyses have also supported the interpretation of two 

higher-order factors of the MSCS, a social responsiveness subscale (consisting of social 

motivation, demonstrating empathic concern, and nonverbal sending skills) and a social 

understanding/emotion regulation subscale (consisting of the social inferencing, social 

knowledge, verbal conversation skills, and emotion regulation domains) (Yager & 

Iarocci, 2013). The MSCS has shown good internal consistency (with a values greater 

than 0.84) and strong convergent validity with the original Social Responsiveness Scale 

(SRS) (r = −0.89, p < 0.001) (Yager & Iarocci, 2013). The MSCS has also shown good 

discriminant validity between cognitive functioning and social competence in autistic 

populations, but this finding has been inconsistent in non-autistic populations (Johnston 

& Iarocci, 2017; Yager & Iarocci, 2013). Finally, the MSCS has also shown good 

criterion-related validity on several social competence-related indicators (e.g., number of 

close friends [r = 0.69; p < 0.01] and frequency of social contact with friends [r = 0.38; p 

<0.01]) (Yager & Iarocci, 2013). Table 2.1 lists the theoretical minimum and maximum 

raw scores for each MSCS subscale and factor. 
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Table 2.1 Theoretical Minimum and Maximum Scores for the Parent-Report 
MSCS Scores 

 
Theoretical 
Minimum  
(Raw Score) 

Theoretical 
Maximum 
(Raw Score) 

Social Motivation 11 55 

Social Inferencing 11 55 

Demonstrating Empathic 
Concern 11 55 

Social Knowledge 11 55 

Verbal Conversation Skills 11 55 

Nonverbal Sending Skills 11 55 

Emotion Regulation 11 55 

Social Responsiveness Factor 33 165 

Social Understanding/Emotion 
Regulation Factor 44 220 

 

2.2.3. Wechsler Abbreviated Scales of Intelligence-II (WASI-II) 

The WASI-II is an abbreviated intelligence measure that consists of four subtests 

(Vocabulary, Similarities, Block Design and Matrix Reasoning) (Wechsler, 2011). It 

provides four composite scales – a Verbal Comprehension Index (a summary of the 

Vocabulary and Similarities subtests scores), Perceptual Reasoning Index (comprising 

the Block Design and Matrix Reasoning results), and two Full Scale IQ (FSIQ) scores, 

FSIQ-4 and FSIQ-2, that consist of all four-subtests and a two-subtest summary 

(Vocabulary and Matrix Reasoning), respectively (Wechsler, 2011). Participant FSIQ-2 

scores were utilized in this study because many participants’ FSIQ-4 scores were not 

recorded in the original dataset. 

2.2.4. Social Responsiveness Scale, 2nd Edition (SRS-2) 

The SRS-2 is a 65-item self-report form that is designed to assess for the 

presence and severity of core autistic symptomatology (Constantino & Gruber, 2012). 

The SRS-2 School-Age Form was utilized for this study, which was developed for use 
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with children ages 4-18. The questionnaire provides severity scores across five 

treatment subscales (Social Awareness, Social Cognition, Social Communication, Social 

Motivation, and Restricted Interests and Repetitive Behavior) in addition to scores from a 

two-factor model (Social Communication and Interaction and Restricted Interests and 

Repetitive Behavior), and an overall score (Bruni, 2014; Constantino & Gruber, 2012). 

The theoretical minimum and maximum T-scores for the treatment subscales, factors 

and total score on the SRS-2 school-age parent report form are listed in Table 2.2. High 

scores on each subscale are associated with greater difficulty in that area (Constantino 

& Gruber, 2012).  Confirmatory factor analyses have demonstrated good fit for the two-

factor model of the SRS-2, but the 5-subscale solution has not yet been validated (Bruni, 

2014). The SRS-2 School-Age Form has shown good internal consistency (a = 0.95), 

adequate interrater reliability (r = 0.77), good concurrent validity (based on moderate to 

high correlations with alternate measures of social behaviour and communication), as 

well as good sensitivity and specificity levels (Bruni, 2014). Though test-retest reliability 

information is not available for the SRS-2, the original SRS (which is equivalent to the 

SRS-2 school-age form) had correlations ranging from 0.88 to 0.95 (Bruni, 2014). 

Table 2.2 Theoretical Minimum and Maximum T Scores for Parent-Reports on 
the SRS-2 School-Age Form 

 Males Females 

 
Theoretical 
Minimum  
(T Score) 

Theoretical 
Maximum 
(T Score) 

Theoretical 
Minimum  
(T Score) 

Theoretical 
Maximum 
(T Score) 

Social Awareness 32 108 34 109 

Social Cognition 39 105 39 110 

Social Communication 38 111 40 115 

Social Motivation 38 106 38 110 

Restricted Interests and 
Repetitive Behaviour 41 105 42 115 

Social Communication 
and Interaction 36 114 37 119 

Total Score 37 114 38 120 
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2.3. Procedure 

Parents consented to participation in the study on behalf of themselves and their 

children, and then completed the demographics questionnaire, MSCS parent-report form 

and the SRS-2 parent-report form. In order to establish participant IQ scores, children 

were administered the WASI-II IQ measure by trained research assistants. 
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Chapter 3.  
 
Data Analysis  

3.1. Cluster Analyses of MSCS data 

To identify groupings of SC profiles among the participants in this study, we 

conducted k-means CAs using an internal validation approach outlined by Lange, 

Iverson, Senior and Chelune (2002). We conducted the analyses as follows: hierarchical 

CAs (HCAs) were first conducted using participant MSCS raw scores to identify a 

number of cluster solutions from the data. Because the MSCS variables have the same 

scale and number of items, we chose not to standardize participant data in order to 

ensure that future results can be meaningfully compared to the cluster solutions from 

this study. To explore the differences in results across various clustering methodologies, 

we conducted HCAs using Ward’s method, nearest neighbor, and between-groups 

methods (Lange et al., 2002). Squared Euclidian Distance was employed as the 

similarity measure, in order to incorporate profile elevation differences (Lange et al., 

2002). The interpretability and utility of each HCA clustering method (for this dataset) 

was evaluated by examining the dendrograms from each analysis. The results from 

clustering methods that were deemed appropriate and useful for the dataset were 

retained for further analysis. We selected the number of cluster solutions from each 

analysis by examining for natural breaks in the dendrograms. Only solutions with three 

or more clusters were selected, as two-cluster solutions commonly consist of simply a 

“high” and “low” scoring cluster, and do not contain the level of variability within and 

between clusters that we wish to examine in this project. These cluster solutions were 

saved, and we discarded groups containing less than 5% of the dataset from the 

analysis due to limited sample size, as recommended by Lange and colleagues (2002).  

K-means CAs were then conducted using random seed points, requesting the 

number of clusters that were determined from each of the HCAs we retained. The cluster 

membership data from this analysis was also retained. To compare the HCA and K-

means CA results and validate the K-means cluster solution, we first conducted a multi-

profile multi-method (MPMM) correlation analysis by correlating the mean MSCS scores 

for each cluster from both the HCA and the k-means CA results. This analysis examines 
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the similarities and differences in cluster profile shapes, but it is not sensitive to 

differences in profile score elevations. Next, we conducted an adapted version of the 

MPMM analysis, which we’ve labelled the “cluster-membership MPMM”, in which we 

correlated each participant’s cluster membership from the HCA and k-means CA 

methods to examine the cluster-assignment agreement between the two methods. For 

both MPMM analyses, only large positive correlations indicate similarity between cluster 

profiles or membership, whereas negative correlations are indicative of dissimilarity. 

We then conducted one-way ANOVAs with each cluster solution to determine the 

variance in each MSCS domain that is accounted for by individual clusters, in order to 

reveal which MSCS domains played the greatest role in distinguishing SC profile 

clusters. We conducted additional one-way ANOVAS with Bonferroni post hoc tests to 

determine if clusters differed significantly from one another with respect to each MSCS 

variable. The k-means-derived clusters were interpreted by examining the average 

MSCS domain scores for each cluster.  

This cluster analysis process was first conducted with the participants’ full SC 

domain profiles (by entering each individual’s scores on all 7 domains of the MSCS), 

then by subjecting the participants’ higher-order social responsiveness (SR) factor 

profiles for analysis (by entering each individual’s scores on the social motivation, 

demonstrating empathic concern, and nonverbal sending skills domains), and then by 

analyzing the participant’s social understanding/emotion regulation (SU/ER) factor 

profiles (by entering each individual’s scores on the social inferencing, social knowledge, 

verbal conversation skills, and emotion regulation domains). 

3.2. Further Examination of Inter-Cluster Variability Using 
One-Way ANOVAs and Chi-Square Analysis  

In order to assess cluster differences beyond the variability that was observed in MSCS 

profiles, we conducted one-way ANOVAs for each k-means CA solution, with SRS-2 

scores as the dependent variables. Variability in SRS-2 scores was examined to 

determine if the clusters differed significantly on an alternative measure of social 

functioning, and it serves as an external validation of the cluster solutions. 
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Additional ANOVAs were conducted for each k-means CA solution, with IQ and age as 

the respective dependent variables. Chi-square analyses were also conducted for each 

k-means CA solution, with gender as the dependent variable. IQ, age, and gender were 

examined across clusters to assess the influence of these variables on distinguishing SC 

profile clusters.  
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Chapter 4.  
 
Results 

4.1. Cluster Analyses: Seven-Domain MSCS Profiles 

For the seven-domain HCA, only the Ward’s method analysis was retained, as it 

provided a much more interpretable and balanced dendrogram (Figure 4.1) compared to 

the nearest neighbor method (Appendix B.1), and between-groups method (Appendix 

B.2). The nearest neighbor method produced a very string-like data chain (which is 

commonly found with this technique) that made it impossible to exclude outliers without 

eliminating the entire dataset and was therefore not useful for this analysis (Lange et al., 

2002). The between-groups method provided a very unbalanced cluster solution, with 

one cluster containing the majority of the data. Based on the Ward’s method 

dendrogram, three- and four-cluster solutions were selected for further analysis, and no 

data was discarded. 
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Figure 4.1 MSCS Seven-Domain Ward’s Method Dendrogram 
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4.1.1. Seven-Domain Three-Cluster HCA Analysis 

In the three-cluster HCA solution, Cluster 1 contained 37.2% of participants 

(n=29), Cluster 2 contained 56.4% of participants (n=44), and Cluster 3 contained 6.4% 

of participants (n=5). A line-graph representation of the HCA MSCS profiles for the 

three-cluster solution is shown in Figure 4.2. 

 
Figure 4.2 Mean MSCS Scores for the HCA Seven-Domain Three-Cluster 

Solution  

4.1.2. Seven-Domain Three-Cluster K-Means Analysis 

Two k-means CAs were conducted, requesting a three- and four-cluster solution. 

For the three-cluster solution, the cluster centers achieved convergence on the 5th 

iteration. Cluster 1 contained 29.5% of participants (n=23), Cluster 2 contained 56.4% of 

participants (n=44), and Cluster 3 contained 14.1% of participants (n=11). A line graph 

with the k-means MSCS profile for each cluster is shown in Figure 4.3. To illustrate the 

relative differences between clusters across variable scores, these values were rescaled 

by subtracting the overall variable means from each cluster’s variable means. This 

rescaled data is presented as a bar graph in Figure 4.4. 
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Figure 4.3 Mean MSCS Scores for the K-Means Seven-Domain Three-Cluster 

Solution  

 
Figure 4.4 Rescaled Cluster Means for the K-Means Seven-Domain Three-

Cluster Solution 
Note. The horizontal “0.00” line in this bar graph represents the mean score for 
all participants on each MSCS variable. The bars in this graph represent each 
cluster’s deviations from the mean on each MSCS variable. 
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Seven-Domain Three-Cluster Multi-Profile Multi-Method Analysis and 
Cluster-Membership Multi-Profile Multi-Method Analysis 

As shown in the MPMM correlation matrix (Table 4.1), we found large positive 

correlations between the HCA clusters 1 (Hw1) and 2 (Hw2), and between K-means CA 

clusters 1 (K1) and 2 (K2). As shown in Figure 4.2, Hw1 and Hw2 differ with respect to 

the profile elevations (Hw2 scores higher overall than Hw1), but have very similar profile 

patterns of strengths and weaknesses. Similarly, in Figure 4.3, K1 and K2 have different 

levels of profile elevation (K1 scores higher overall than K2), but show very similar profile 

patterns. We also identified large positive correlations for Hw1 with K1 and K2, as well 

as for Hw2 with K1 and K2. Both Hw1 and Hw2 are most highly correlated with K2. 

Finally, there is also a large positive correlation between clusters Hw3 and K3. 

Based on the MPMM results alone, it can be said that Hw3 is the corresponding 

cluster for K3, but conclusions cannot be drawn about the corresponding clusters for 

Hw1 and Hw2 due to the high level of similarities between these clusters. Based on 

visual examination of Figures 2a and 2b, however, clusters Hw1 and Hw2 appear to be 

the corresponding clusters to K1 and K2, respectively. In the cluster-membership MPMM 
analysis (Table 4.2), we only identified significant positive correlations (p < 0.01) for 

Hw1, Hw2 and Hw3 with K1, K2 and K3, respectively, which further supported this 

interpretation. 

Table 4.1 MPMM Correlation Matrix for the Seven-Domain Three-Cluster 
Solution  

 HCA (Ward’s method) K-Means CA 

 Hw1 Hw2 Hw3 K1 K2 K3 

Hw1 1.00      

Hw2 0.86*** 1.00     

Hw3 -0.43 -0.54 1.00    

K1 0.86*** 0.89*** -0.71 1.00   

K2 0.93*** 0.96*** -0.43 0.86*** 1.00  

K3 -0.14 -0.36 0.93*** -0.54 -0.21 1.00 
Note. Italicized values indicate the correlation between corresponding clusters 
* = small positive correlation (R2  > 0.02); ** = medium positive correlation (R2 > 0.13); ***= large positive correlation 
(R2 > 0.26) (Cohen, 1988) 
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Table 4.2 Cluster-Membership MPMM for the Seven-Domain Three-Cluster 
Solution 

 HCA (Ward’s method) K-Means CA 

 Hw1 Hw2 Hw3 K1 K2 K3 

Hw1 1.00      

Hw2 -0.88** 1.00     

Hw3 -0.20 -0.30** 1.00    

K1 0.72** -0.62** -0.17 1.00   

K2 -0.82** 0.90** -0.19 -0.74** 1.00  

K3 0.22 -0.46** 0.50** -0.26** -0.46** 1.00 
Note. Italicized values indicate the correlation between corresponding clusters 
* = p < 0.05; ** = p < 0.01 

Seven-Domain Three-Cluster ANOVAs 

A one-way ANOVA comparing the MSCS domains across the three-cluster solution 

indicated that all 7 domains contributed meaningfully to cluster determinations, with large 

effect sizes ranging from 𝜂2 = .21 (Nonverbal Sending Skills) to 𝜂2 = .47 (Social 

Inferencing) (Table 4.3). Levene’s test revealed that the assumption of homogeneity of 

variances was violated for the Social Motivation domain, F(2,75) = 5.443, p < .05. A 

follow-up ANOVA with Welch’s nonparametric corrections revealed statistically 

significant differences across clusters on the Social Motivation domain, Welch's F(2, 

24.605) = 33.508, p < .001, which is consistent with the parametric ANOVA test results. 

Bonferroni post-hoc tests revealed that only the Social Motivation domain scores were 

significantly different (at the p < 0.05 level) across every cluster (Table 4.4), however K1 

and K3 did not differ significantly in the Games-Howell post-hoc analysis. Clusters K1 

and K2 did not differ significantly on the Nonverbal Sending skills domain, clusters K1 

and K3 did not differ significantly on the Social Inferencing, Demonstrating Empathic 

Concern and Social Knowledge domains, and clusters K2 and K3 did not differ 

significantly on the Verbal Conversation Skills and Emotional Regulation domains (Table 

4.4). 
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Table 4.3 One-Way ANOVA Results for the Seven-Domain Three-Cluster 
Solution 

 Sum of 
Squares df 

Mean 
Square F Sig. Eta 

Squared 

Social Motivation a 
Between Groups 1559.43 2 779.71 25.28 <.001 .40 
Within Groups 2313.56 75 30.85    

Social Inferencing 
Between Groups 1597.60 2 798.80 32.81 <.001 .47 
Within Groups 1825.73 75 24.34    

Demonstrating 
Empathic Concern 

Between Groups 2108.31 2 1054.15 27.34 <.001 .42 
Within Groups 2892.31 75 38.56    

Social Knowledge 
Between Groups 1512.53 2 756.27 26.91 <.001 .42 
Within Groups 2107.42 75 28.10    

Verbal Conversation 
Skills 

Between Groups 1442.07 2 721.03 21.01 <.001 .36 
Within Groups 2573.59 75 34.31    

Nonverbal Sending 
Skills 

Between Groups 819.33 2 409.67 9.94 <.001 .21 
Within Groups 3091.50 75 41.22    

Emotional 
Regulation 

Between Groups 1804.35 2 902.18 22.40 <.001 .37 
Within Groups 3020.83 75 40.28    

a = The assumption of homogeneity of variances was violated on this domain. 
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Table 4.4 Bonferroni Post-Hoc Results for the Seven-Domain Three-Cluster 
Solution 

Dependent 
Variable Cluster Cluster Mean 

Difference 
Standard 
Error Sig. 

Confidence Interval 

Lower 
Bound 

Upper 
Bound 

Social 
Motivation 

1 2 -5.70* 1.43 <.001 -9.20 -2.20 
3 6.89*G 2.04 .003 1.90 11.88 

2 3 12.59* 1.87 <.001 8.02 17.18 

Social 
Inferencing 

1 2 -9.42* 1.27 <.001 -12.53 -6.31 
3 -0.96 1.81 1.000 -5.39 3.46 

2 3 8.45* 1.66 <.001 4.38 12.53 
Demonstrating 
Empathic 
Concern 

1 
2 -9.47* 1.60 <.001 -13.38 -5.56 
3 2.71 2.28 .712 -2.86 8.29 

2 3 12.18* 2.09 <.001 7.06 17.31 

Social 
Knowledge 

1 2 -9.79* 1.36 <.001 -13.13 -6.45 
3 -3.79 1.94 .165 -8.55 0.97 

2 3 6.00* 1.79 .004 1.62 10.38 
Verbal 
Conversation 
Skills 

1 2 -8.76* 1.51 <.001 -12.45 -5.06 
3 -11.23* 2.15 <.001 -16.49 -5.97 

2 3 -2.48 1.97 .641 -7.31 2.36 

Nonverbal 
Sending Skills 

1 2 -3.59 1.65 .099 -7.63 0.46 
3 5.77* 2.35 .049 0.01 11.54 

2 3 9.36* 2.16 <.001 4.06 14.66 

Emotional 
Regulation 

1 
2 -10.80* 1.63 <.001 -14.80 -6.80 
3 -9.19* 2.33 <.001 -14.89 -3.49 

2 3 1.61 2.14 1.000 -3.63 6.85 
Note. The sig. values in this table are the adjusted p values provided by SPSS on Bonferroni post-hoc analyses. 
Results have been interpreted with a family-wise alpha of .05. 
* = p < 0.05. 
G = This mean difference was not significant in the Games-Howel post-hoc analysis 

Seven-Domain Three-Cluster ANOVAs: Inter-Cluster Variability of SRS-2 
Scores 

A one-way ANOVA comparing all five of the SRS-2 treatment subscales, the 

Social Communication and Interaction factor, and the SRS-2 total scale across the 

three-cluster solution indicated that all 7 SRS-2 scales varied significantly across the 

three clusters, with large effect sizes ranging from 𝜂2 = .23 (Social Motivation) to 𝜂2 = .41 

(Social Communication and Interaction) (Table 4.5). Levene’s test revealed that the 

assumption of homogeneity of variances was violated for the Social Awareness [F(2, 75) 

= 4.31, p < .05], and Social Communication domains [F(2, 75) = 8.13, p < .001], the 
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Social Communication and Interaction factor [F(2, 75) = 8.52, p < .001], as well as for 

the SRS-2 total scores [F(2, 75) = 6.46, p < .05], but follow-up ANOVAs with Welch’s 

corrections revealed significant differences across clusters on all of the SRS-2 domains, 

factor and total score, consistent with the original ANOVA results. Bonferroni post-hoc 

tests revealed that none of the SRS-2 scale scores were significantly different (at the p < 

0.05 level) across every cluster, however all of the SRS-2 scales differed significantly 

between clusters K1 and K2 at the p < 0.05 level (Table 4.6), which was supported by 

results from the Games-Howell post-hoc analysis. Clusters K1 and K3 did not differ 

significantly on any of the SRS-2 treatment subscales, the Social Communication and 

Interaction factor, and the SRS-2 total scale, and clusters K2 and K3 did not differ 

significantly on the RIRB or Autistic Mannerisms treatment subscale (Table 4.6). In the 

Games-Howell post-hoc analysis, however, clusters K2 and K3 only differed significantly 

on the Social Cognition and Social Motivation subscales. A line graph with the mean 

SRS-2 scores for each cluster is shown in Figure 4.5. 

Table 4.5 One-Way ANOVA Results for the Seven-Domain Three-Cluster 
Solution: Inter-Cluster Variability of SRS-2 Scores 

 Sum of 
Squares df 

Mean 
Square F Sig. Eta 

Squared 

SRS-2 Social 
Awareness a 

Between Groups 1748.71 2 874.36 13.37 <.001 .26 
Within Groups 4904.83 75 65.40    

SRS-2 Social 
Cognition 

Between Groups 3966.41 2 1983.21 24.51 <.001 .40 
Within Groups 6068.57 75 80.91    

SRS-2 Social 
Communication a 

Between Groups 2398.73 2 1199.37 19.98 <.001 .35 
Within Groups 4501.11 75 60.01    

SRS-2 Social 
Motivation 

Between Groups 2970.59 2 1485.30 11.27 <.001 .23 
Within Groups 9880.76 75 131.74    

SRS-2 RIRB or 
Autistic 
Mannerisms 

Between Groups 2730.84 2 1365.42 12.36 <.001 .25 

Within Groups 8285.12 75 110.47    

SRS-2 Social 
Communication 
and Interaction a 

Between Groups 3162.28 2 1581.14 25.57 <.001 .41 

Within Groups 4637.17 75 61.83    

SRS-2 Total 
Score a 

Between Groups 3196.89 2 1598.44 24.98 <.001 .40 
Within Groups 4798.91 75 63.99    

a = The assumption of homogeneity of variances was violated on this domain. 
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Table 4.6 Bonferroni Post-Hoc Results for the Seven-Domain Three-Cluster 
Solution: Inter-Cluster Variability of SRS-2 Scores 

Dependent 
Variable Cluster Cluster Mean 

Difference 
Standard 
Error Sig. 

Confidence 
Interval 

Lower 
Bound 

Upper 
Bound 

SRS-2 Social 
Awareness 

1 
2 10.33* 2.08 <.001 5.24 15.43 
3 2.99 2.96 .948 -4.27 10.25 

2 3 -7.34*G 2.73 .026 -14.02 -0.67 

SRS-2 Social 
Cognition 

1 2 15.76* 2.31 <.001 10.10 21.43 
3 5.60 3.30 .280 -2.47 13.68 

2 3 -10.16* 3.03 .004 -17.58 -2.73 

SRS-2 Social 
Communication 

1 2 10.70* 1.99 <.001 5.82 15.58 
3 -1.39 2.84 1.000 -8.35 5.56 

2 3 -12.09*G 2.61 <.001 -18.49 -5.70 

SRS-2 Social 
Motivation 

1 2 10.72* 2.95 .002 3.49 17.95 
3 -4.40 4.21 .899 -14.70 5.91 

2 3 -15.11* 3.87 <.001 -24.59 -5.64 
SRS-2 RIRB or 
Autistic 
Mannerisms 

1 
2 13.45* 2.70 <.001 6.82 20.07 
3 8.70 3.85 .081 -0.74 18.13 

2 3 -4.75 3.54 .552 -13.43 3.93 
SRS-2 Social 
Communication 
and Interaction 

1 2 13.20* 2.02 <.001 8.25 18.16 
3 1.18 2.88 1.000 -5.88 8.24 

2 3 -12.02*G 2.65 <.001 -18.51 -5.53 

SRS-2 Total 
Score 

1 2 13.64* 2.06 <.001 8.60 18.68 
3 2.55 2.93 1.000 -4.64 9.73 

2 3 -11.09*G 2.70 <.001 -17.69 -4.49 
Note. The sig. values in this table are the adjusted p values provided by SPSS on Bonferroni post-hoc analyses. 
Results have been interpreted with a family-wise alpha of .05. 
* = p < 0.05. 
G = This mean difference was not significant in the Games-Howel post-hoc analysis 
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Figure 4.5 Mean SRS-2 Scores for the Seven-Domain Three-Cluster Solution 

Seven-Domain Three-Cluster ANOVAs and Chi-Square Analysis: Inter-
Cluster Variability of IQ, Age and Gender 

For the one-way ANOVA comparing age (in years) and WASI IQ scores across 

the three-cluster solution, the assumption of homogeneity of variances was not violated, 

and both age and IQ scores did not vary significantly across the three clusters (Table 

4.7). There was only a small effect size for WASI IQ scores and age. 

Table 4.7 One-Way ANOVA Results for the Seven-Domain Three-Cluster 
Solution: Inter-Cluster Variability of IQ and Age 

 Sum of 
Squares df 

Mean 
Square F Sig. Eta 

Squared 

Age (years) Between Groups 4.21 2 2.10 0.68 .509 .02 
Within Groups 231.74 75 3.09    

WASI IQ 
Score 

Between Groups 136.87 2 68.43 0.32 .725 .01 
Within Groups 15876.46 75 211.69    

 

The chi-square test of independence revealed that 33.3% of cells had an 

expected count of less than 5, which violated the chi-square test assumption that at least 

80% of the expected cells should be equal to or greater than 5 (Table 4.8). As a result of 
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this assumption violation, the maximum likelihood ratio (LR) Chi-square test was 

employed, which found no significant association between gender and cluster 

membership for the seven-domain three-cluster solution, LR (2, N = 78) = 1.68, p = .431 

(Table 4.9). 

Table 4.8 Seven-Domain Three-Cluster Solution: Crosstabulation of Clusters 
and Gender 

 
Sex  

Male Female Total 

Cluster 
Number 

1 
Count 21 2 23 

Expected Count 19.2 3.8 23.0 

2 Count 35 9 44 
Expected Count 36.7 7.3 44.0 

3 Count 9 2 11 
Expected Count 9.2 1.8 11.0 

 

Table 4.9 Chi-Square Results for the Seven-Domain Three-Cluster Solution: 
Association Between Clusters and Gender 

 Value df 
Asymptotic 
Significance 
(2-sided) 

Pearson Chi-Square 1.53 2 .467 

Likelihood Ratio 1.68 2 .431 

N of Valid Cases 78   

 

4.1.3. Seven-Domain Four-Cluster HCA Analysis 

In the four-cluster HCA solution, Cluster 1 contained 37.2% of participants 

(n=29), Cluster 2 contained 37.2% of participants (n=29), Cluster 3 contained 19.2% of 

participants (n=15), and Cluster 4 contained 6.4% of participants (n=5). A line-graph 

representation of the HCA MSCS profiles for the three-cluster solution is shown in Figure 

4.6. 
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Figure 4.6 Mean MSCS Scores for the HCA Seven-Domain Four-Cluster 
Solution 

 

4.1.4. Seven-Domain Four-Cluster K-Means Analysis 

In the four-cluster solution, cluster convergence was also achieved on the 3rd 

iteration, and Cluster 1 contained 25.6% of participants (n=20), Cluster 2 contained 9.0% 

of participants (n=7), Cluster 3 contained 38.5% of participants (n=30), and Cluster 4 

contained 26.9% of participants (n=21). The MSCS k-means profile line graph for each 

cluster is presented in Figure 4.7, and the rescaled cluster means bar graph is presented 

in Figure 4.8.  
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Figure 4.7 Mean MSCS Scores for the K-Means Seven-Domain Four-Cluster 

Solution 

 
Figure 4.8 Rescaled Cluster Means for the K-Means Seven-Domain Four-

Cluster Solution 
Note. The horizontal “0.00” line in this bar graph represents the mean score for 
all participants on each MSCS variable. The bars in this graph represent each 
cluster’s deviations from the mean on each MSCS variable. 
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Seven-Domain Four-Cluster Multi-Profile Multi-Method Analysis and 
Cluster-Membership Multi-Profile Multi-Method Analysis 

For the seven-domain, four-cluster MPMM correlation matrix (Table 4.10) we 

identified large positive correlations for Hw1 with Hw2 and Hw3, for Hw2 with Hw3, for 

K1 with K3 and K4, and between K3 and K4. The similarities in HCA profile shapes 

between Hw1, Hw2, and Hw3 can be seen in Figure 4.6. Similarities in the k-means 

profile shapes between K1, K3 and K4 can be seen in Figure 4.7. We also found large 

positive correlations for Hw1 with K1, K3 and K4, for Hw2 with K1, K3 and K4, for Hw3 

with K1, K3 and K4, and for Hw4 with K2.  

Based on the MPMM correlation results alone, Hw4 and K2 appear to be 

corresponding clusters. In considering the MPMM data combined with a visual 

examination of Figures 4.6 and 4.7, we can also assume that Hw1 and K4 are 

corresponding clusters, and clusters Hw2 and Hw3 are likely to correspond with K3 and 

K1, respectively, however there is a high degree of overlap between these clusters. In 

the cluster-membership MPMM analysis (Table 4.11), we identified significant positive 

correlations (p < 0.01) for Hw1, Hw2 and Hw4 with K4, K3 and K2, respectively, and 

significant positive correlations at the p < 0.05 level between Hw3 and K1, which 

supports this interpretation. 

Table 4.10 MPMM Correlation Matrix for the Seven-Domain Four-Cluster 
Solution 

 HCA (Ward’s method) K-Means CA 

 Hw1 Hw2 Hw3 Hw4 K1 K2 K3 K4 

Hw1 1.00        

Hw2 0.93*** 1.00       

Hw3 0.74*** 0.77*** 1.00      

Hw4 -0.43 -0.43 -0.14 1.00     

K1 0.71*** 0.79*** 0.88*** -0.43 1.00    

K2 -0.21 -0.21 -0.13 0.93*** -0.43 1.00   

K3 0.93*** 1.00*** 0.77*** -0.43 0.79*** -0.21 1.00  

K4 1.00*** 0.93** 0.74*** -0.43 0.71*** -0.21 0.93*** 1.00 
Note. Italicized values indicate the correlation between corresponding clusters 
* = small positive correlation (R2  > 0.02); ** = medium positive correlation (R2 > 0.13); ***= large positive correlation 
(R2 > 0.26) (Cohen, 1988) 
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Table 4.11 Cluster-Membership MPMM for the Seven-Domain Four-Cluster 
Solution 

 HCA (Ward’s method) K-Means CA 

 Hw1 Hw2 Hw3 Hw4 K1 K2 K3 K4 

Hw1 1.00        

Hw2 -0.59** 1.00       

Hw3 -0.38** -0.38** 1.00      

Hw4 -0.20 -0.20 -0.13 1.00     

K1 -0.09 -0.03 0.23* -0.15 1.00    

K2 -0.06 -0.24* -0.15 0.83** -0.18 1.00   

K3 -0.61** 0.59** 0.15 -0.21 -0.46** -0.25* 1.00  

K4 0.79** -0.47** -0.30** -0.16 -0.36** -0.19 -0.48** 1.00 
Note. Italicized values indicate the correlation between corresponding clusters 
* = p < 0.05; ** = p < 0.01 

Seven-Domain Four-Cluster ANOVAs 

A one-way ANOVA comparing the MSCS domains across the four-cluster 

solution indicated that all 7 domains contributed meaningfully to cluster determinations, 

with large effect sizes ranging from 𝜂2 = .34 (Nonverbal Sending Skills) to 𝜂2 = .56 

(Social inferencing and Demonstrating Empathic Concern) (Table 4.12). The assumption 

of homogeneity of variances was violated for the Social Motivation domain [F(3, 74) = 

3.768, p < .05], however a follow-up ANOVA with Welch’s corrections also revealed 

significant differences across clusters on this domain. Bonferroni post-hoc tests revealed 

that none of the MSCS domains were significantly different (at the p < 0.05 level) across 

all clusters (Table 4.13), which was supported by Games-Howell post-hoc analysis. Only 

clusters K3 and K4 differed significantly across all the MSCS variables at the p < 0.05 

level for both the Bonferroni (Table 4.13) and Games-Howell analyses. The Bonferroni 

analysis revealed that clusters K1 and K2 did not differ significantly on the Social 

Inferencing, Demonstrating Empathic Concern and Social Knowledge domains, clusters 

K1 and K3 did not differ significantly on the Social Motivation, Social inferencing, Verbal 

Conversation Skills and Nonverbal Sending Skills domains, K1 and K4 did not differ 

significantly on the Demonstrating Empathic Concern and Emotional Regulation 

domains, clusters K2 and K3 did not differ significantly on the Social Knowledge, and 

Emotional Regulation domains, and clusters K2 and K4 did not differ significantly on the 



 

37 

Social Motivation, Social Inferencing, Demonstrating Empathic Concern and Nonverbal 

Sending Skills domains (Table 4.13). These results were supported with the Games-

Howell analysis. 

Table 4.12 One-Way ANOVA Results for the Seven-Domain Four-Cluster 
Solution 

 Sum of 
Squares df 

Mean 
Square F Sig. Eta 

Squared 

Social Motivation a 
Between Groups 1496.82 3 498.94 15.54 <.001 .39 
Within Groups 2376.17 74 32.11    

Social Inferencing 
Between Groups 1918.43 3 639.48 31.44 <.001 .56 
Within Groups 1504.91 74 20.34    

Demonstrating 
Empathic Concern 

Between Groups 2791.22 3 930.41 31.16 <.001 .56 
Within Groups 2209.39 74 29.86    

Social Knowledge 
Between Groups 1965.44 3 655.15 29.30 <.001 .54 
Within Groups 1654.51 74 22.36    

Verbal 
Conversation Skills 

Between Groups 1588.67 3 529.56 16.15 <.001 .40 
Within Groups 2426.99 74 32.80    

Nonverbal Sending 
Skills 

Between Groups 1321.87 3 440.62 12.59 <.001 .34 
Within Groups 2588.97 74 34.99    

Emotional 
Regulation 

Between Groups 2068.95 3 689.65 18.52 <.001 .43 
Within Groups 2756.23 74 37.25    

a = The assumption of homogeneity of variances was violated on this domain. 

 

Table 4.13 Bonferroni Post-Hoc Results for the Seven-Domain Four-Cluster 
Solution 

Dependent 
Variable Cluster Cluster Mean 

Difference 
Standard 
Error Sig. 

Confidence Interval 

Lower 
Bound 

Upper 
Bound 

Social 
Motivation 

1 
2 9.71* 2.49 .001 2.97 16.46 
3 -1.50 1.64 1.000 -5.93 2.93 
4 7.52* 1.77 <.001 2.72 12.32 

2 
3 -11.21* 2.38 <.001 -17.66 -4.77 
4 -2.19 2.47 1.000 -8.90 4.51 

3 4 9.02* 1.61 <.001 4.65 13.39 

Social 
Inferencing 1 

2 4.72 1.98 .118 -0.65 10.09 
3 -3.35 1.30 .072 -6.88 0.18 
4 8.72* 1.41 <.001 4.90 12.54 
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2 3 -8.07* 1.89 <.001 -13.20 -2.94 
4 4.00 1.97 .274 -1.34 9.34 

3 4 12.07* 1.28 <.001 8.59 15.55 

Demonstrating 
Empathic 
Concern 

1 
2 3.94 2.40 .628 -2.56 10.45 
3 -9.87* 1.58 <.001 -14.14 -5.59 
4 3.47 1.71 .275 -1.16 8.09 

2 
3 -13.81* 2.29 <.001 -20.03 -7.59 
4 -0.48 2.38 1.000 -6.94 5.99 

3 4 13.33* 1.55 <.001 9.12 17.55 

Social 
Knowledge 

1 
2 -0.38 2.08 1.000 -6.01 5.25 
3 -4.05* 1.36 .024 -7.75 -0.35 
4 8.48* 1.48 <.001 4.47 12.48 

2 3 -3.67 1.98 .410 -9.05 1.71 
4 8.86* 2.06 <.001 3.26 14.45 

3 4 12.53* 1.35 <.001 8.88 16.18 

Verbal 
Conversation 
Skills 

1 
2 -7.66* 2.51 .019 -14.48 -0.85 
3 -0.15 1.65 1.000 -4.63 4.33 
4 7.95* 1.79 <.001 3.10 12.81 

2 
3 7.51* 2.40 .015 1.00 14.03 
4 15.62* 2.50 <.001 8.84 22.40 

3 4 8.10* 1.63 <.001 3.69 12.52 

Nonverbal 
Sending Skills 

1 
2 9.86* 2.60 .002 2.82 16.90 
3 1.30 1.71 1.000 -3.33 5.93 
4 9.10* 1.85 <.001 4.09 14.11 

2 3 -8.56* 2.48 .006 -15.29 -1.83 
4 -0.76 2.58 1.000 -7.76 6.24 

3 4 7.80* 1.68 <.001 3.23 12.36 

Emotional 
Regulation 

1 
2 -11.05* 2.68 <.001 -18.32 -3.78 
3 -6.92* 1.76 .001 -11.69 -2.14 
4 3.85 1.91 .281 -1.31 9.02 

2 
3 4.13 2.56 .665 -2.81 11.08 
4 14.90* 2.66 <.001 7.68 22.13 

3 4 10.77* 1.74 <.001 6.06 15.48 
Note. The sig. values in this table are the adjusted p values provided by SPSS on Bonferroni post-hoc analyses. 
Results have been interpreted with a family-wise alpha of .05. 
* = p < 0.05. 

Seven-Domain Four-Cluster ANOVAs: Inter-Cluster Variability of SRS-2 
Scores 

A one-way ANOVA comparing all five of the SRS-2 treatment subscales, the 

Social Communication and Interaction factor, and the SRS-2 total scale across the four-
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cluster solution indicated that all 7 SRS-2 scales varied significantly across the four 

clusters, with large effect sizes ranging from 𝜂2 = .27 (RIRB or Autistic Mannerisms) to 𝜂2 

= .48 (Social Communication and Interaction and Total Score) (Table 4.14). The 

assumption of homogeneity of variance was not violated in this analysis. Bonferroni 

post-hoc tests revealed that none of the SRS-2 scale scores were significantly different 

(at the p < 0.05 level) across every cluster, however all of the SRS-2 scales differed 

significantly between clusters K1 and K4, and between K3 and K4 at the p < 0.05 level 

(Table 4.15). Clusters K1, K2 and K3 did not differ significantly from each-other on any 

of the SRS-2 treatment subscales, the Social Communication and Interaction factor, and 

the SRS-2 total scale, and clusters K2 and K4 did not differ significantly on the Social 

Communication and Social Motivation subscales (Table 4.15). A line graph with the 

mean SRS-2 scores for each of the four clusters is shown in Figure 4.9. 

Table 4.14 One-Way ANOVA Results for the Seven-Domain Four-Cluster 
Solution: Inter-Cluster Variability of SRS-2 Scores 

 Sum of 
Squares df 

Mean 
Square F Sig. Eta 

Squared 

SRS-2 Social 
Awareness 

Between Groups 2728.12 3 909.37 17.14 <.001 .41 
Within Groups 3925.42 74 53.05    

SRS-2 Social 
Cognition 

Between Groups 4754.51 3 1584.84 22.21 <.001 .47 
Within Groups 5280.48 74 71.36    

SRS-2 Social 
Communication 

Between Groups 2459.68 3 819.89 13.66 <.001 .36 
Within Groups 4440.16 74 60.00    

SRS-2 Social 
Motivation 

Between Groups 3584.62 3 1194.87 9.54 <.001 .28 
Within Groups 9266.72 74 125.23    

SRS-2 RIRB or 
Autistic 
Mannerisms 

Between Groups 2915.17 3 971.72 8.88 <.001 .27 

Within Groups 8100.79 74 109.47    

SRS-2 Social 
Communication 
and Interaction 

Between Groups 3778.37 3 1259.46 23.18 <.001 .48 

Within Groups 4021.08 74 54.34    

SRS-2 Total 
Score 

Between Groups 3872.31 3 1290.77 23.16 <.001 .48 
Within Groups 4123.48 74 55.72    
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Table 4.15 Bonferroni Post-Hoc Results for the Seven-Domain Four-Cluster 
Solution: Inter-Cluster Variability of SRS-2 Scores 

Dependent 
Variable Cluster Cluster Mean 

Difference 
Standard 
Error Sig. 

Confidence 
Interval 

Lower 
Bound 

Upper 
Bound 

SRS-2 Social 
Awareness 

1 
2 -1.50 3.20 1.000 -10.17 7.17 
3 0.63 2.10 1.000 -5.07 6.33 
4 -13.12* 2.28 <.001 -19.29 -6.95 

2 3 2.13 3.06 1.000 -6.15 10.42 
4 -11.62* 3.18 .003 -20.24 -3.00 

3 4 -13.75* 2.07 <.001 -19.37 -8.13 

SRS-2 Social 
Cognition 

1 
2 0.19 3.71 1.000 -9.87 10.24 
3 2.93 2.44 1.000 -3.68 9.54 
4 -15.81* 2.64 <.001 -22.97 -8.66 

2 
3 2.75 3.55 1.000 -6.87 12.36 
4 -16.00* 3.69 <.001 -25.99 -6.01 

3 4 -18.75* 2.40 <.001 -25.26 -12.23 

SRS-2 Social 
Communication 

1 
2 -6.84 3.40 .287 -16.07 2.38 
3 -0.77 2.24 1.000 -6.83 5.30 
4 -13.22* 2.42 <.001 -19.79 -6.66 

2 3 6.08 3.25 .394 -2.74 14.89 
4 -6.38 3.38 .378 -15.55 2.78 

3 4 -12.46* 2.20 <.001 -18.43 -6.48 

SRS-2 Social 
Motivation 

1 
2 -9.14 4.91 .401 -22.47 4.18 
3 -0.60 3.23 1.000 -9.36 8.16 
4 -15.67* 3.50 <.001 -25.15 -6.19 

2 
3 8.54 4.70 .438 -4.19 21.28 
4 -6.52 4.88 1.000 -19.76 6.72 

3 4 -15.07* 3.18 <.001 -23.70 -6.43 

SRS-2 RIRB or 
Autistic 
Mannerisms 

1 
2 4.53 4.59 1.000 -7.93 16.99 
3 0.57 3.02 1.000 -7.62 8.75 
4 -12.66* 3.27 .001 -21.52 -3.80 

2 3 -3.96 4.39 1.000 -15.87 7.94 
4 -17.19* 4.57 .002 -29.57 -4.81 

3 4 -13.23* 2.98 <.001 -21.30 -5.16 
SRS-2 Social 
Communication 
and Interaction 

1 
2 -4.29 3.24 1.000 -13.07 4.48 
3 0.12 2.13 1.000 -5.65 5.89 
4 -15.91* 2.30 <.001 -22.16 -9.67 
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2 3 4.41 3.09 .950 -3.98 12.80 
4 -11.62* 3.22 .003 -20.34 -2.90 

3 4 -16.03* 2.10 <.001 -21.71 -10.34 

SRS-2 Total 
Score 

1 
2 -2.84 3.28 1.000 -11.72 6.05 
3 0.18 2.15 1.000 -5.66 6.03 
4 -16.03* 2.33 <.001 -22.35 -9.07 

2 
3 3.02 3.13 1.000 -5.48 11.51 
4 -13.19* 3.26 <.001 -22.02 -4.36 

3 4 -16.21* 2.12 <.001 -21.97 -10.45 
Note. The sig. values in this table are the adjusted p values provided by SPSS on Bonferroni post-hoc analyses. 
Results have been interpreted with a family-wise alpha of .05. 
* = p < 0.05.  

 

 
Figure 4.9 Mean SRS-2 Scores for the Seven-Domain Four-Cluster Solution 

Seven-Domain Four-Cluster ANOVAs and Chi-Square Analysis: Inter-
Cluster Variability of IQ, Age and Gender 

One-way ANOVA results (Table 4.16) show that age varied significantly across 

the four clusters (at the p < .05 level), and there was a medium effect size for this 

finding. There was no significant difference in IQ scores across the cluster solution 

(Table 4.16). Levene’s test revealed that the assumption of homogeneity of variances 

was not violated for this analysis. In a follow-up Bonferroni post-hoc test, we determined 
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that only clusters K1 and K4 differed significantly (at the p < 0.05 level) with respect to 

Age (Table 4.17). 

Table 4.16 One-Way ANOVA Results for the Seven-Domain Four-Cluster 
Solution: Inter-Cluster Variability of IQ and Age 

 Sum of 
Squares df 

Mean 
Square F Sig. Eta 

Squared 

Age (years) 
Between Groups 25.27 3 8.42 2.96 .038 .11 
Within Groups 210.67 74 2.85    

WASI IQ 
Score 

Between Groups 119.70 3 39.90 -.19 .906 .01 
Within Groups 15893.63 74 214.78    

 

Table 4.17 Bonferroni Post-Hoc Results for the Seven-Domain Four-Cluster 
Solution: Inter-Cluster Variability of Age 

Dependent 
Variable Cluster Cluster Mean 

Difference 
Standard 
Error Sig. 

Confidence 
Interval 

Lower 
Bound 

Upper 
Bound 

Age (years) 

1 
2 -0.12 0.74 1.000 -2.13 1.89 
3 -0.47 -.49 1.000 -1.79 0.85 
4 -1.47* 0.53 .040 -2.90 -0.04 

2 3 -0.35 0.71 1.000 -2.27 1.57 
4 -1.35 0.74 .419 -3.35 0.64 

3 4 -1.00 0.48 .242 -2.30 0.30 
Note. The sig. values in this table are the adjusted p values provided by SPSS on Bonferroni post-hoc analyses. 
Results have been interpreted with a family-wise alpha of .05. 
* = p < 0.05. 

The chi-square test assumption that at least 80% of the expected cells should be 

equal to or greater than 5 was once again violated, as 37.5% of cells had an expected 

count of less than 5 (Table 4.18). The maximum likelihood ratio (LR) Chi-square test 

found no significant association between gender and cluster membership for the seven-

domain four-cluster solution, LR (3, N = 78) = 1.81, p = .613 (Table 4.19). 

Table 4.18 Seven-Domain Four-Cluster Solution: Crosstabulation of Clusters 
and Gender 

 
Sex  

Male Female Total 
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Cluster 
Number 

1 Count 15 5 20 
Expected Count 16.7 3.3 20.0 

2 Count 6 1 7 
Expected Count 5.8 1.2 7.0 

3 Count 25 5 30 
Expected Count 25.0 5.0 30.0 

4 
Count 19 2 21 

Expected Count 17.5 3.5 21.0 
 

Table 4.19 Chi-Square Results for the Seven-Domain Four-Cluster Solution: 
Association Between Clusters and Gender 

 Value df 
Asymptotic 
Significance 
(2-sided) 

Pearson Chi-Square 1.80 3 .615 

Likelihood Ratio 1.81 3 .613 

N of Valid Cases 78   
 

4.2. Cluster Analyses: MSCS Higher-Order Social 
Responsiveness (SR) Factor Profiles 

Like the seven-domain HCAs, only the Ward’s method analysis was retained for 

the SR data, as it provided the most interpretable and balanced dendrogram (Figure 

4.10) of the three methods. The nearest neighbor method (Appendix B.3) produced a 

very stringy data chain that once again made it impossible to exclude outliers without 

eliminating the entire dataset, and the between-groups method (Appendix B.4) provided 

an unbalanced cluster solution, where one cluster contained the majority of the data. 

Based on the Ward’s method dendrogram, three- and four-cluster solutions were again 

selected for further analysis, and no data was discarded. 
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Figure 4.10 MSCS SR Factor Ward’s Method Dendrogram 
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4.2.1. SR-Factor Three-Cluster HCA Analysis 

In the three-cluster HCA solution, Cluster 1 contained 51.3% of participants 

(n=40), Cluster 2 contained 11.5% of participants (n=9), and Cluster 3 contained 37.2% 

of participants (n=29). A line-graph representation of the HCA SR-factor profiles for the 

three-cluster solution is shown in Figure 4.11. 

 

Figure 4.11 Mean MSCS Scores for the HCA SR Three-Cluster Solution 

4.2.2. SR-Factor Three-Cluster K-Means Analysis 

In the three-cluster SR solution, the cluster centers converged on the 5th iteration. 

Cluster 1 contained 33.3% of participants (n=26), Cluster 2 contained 28.2% of 

participants (n=22), and Cluster 3 contained 38.5% of participants (n=30). A line graph 

with the MSCS profile for each k-means cluster is shown in Figure 4.12. To illustrate the 

relative differences between clusters across variable scores, these values were rescaled 

by subtracting the overall variable means from each cluster’s variable means. This 

rescaled data is presented as a bar graph in Figure 4.13. 
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Figure 4.12 Mean MSCS Scores for the K-Means SR Three-Cluster Solution 

 

Figure 4.13 Rescaled Cluster Means for the K-Means SR Three-Cluster Solution 
Note. The horizontal “0.00” line in this bar graph represents the mean score for 
all participants on each MSCS variable. The bars in this graph represent each 
cluster’s deviations from the mean on each MSCS variable. 
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SR-Factor Three-Cluster Multi-Profile Multi-Method Analysis and Cluster-
Membership Multi-Profile Multi-Method Analysis 

For the MPMM analysis (Table 4.20), we found large positive correlations 

between Hw1, Hw2 and Hw3, and between K1 and K2, as well as medium-sized positive 

correlations between K1 and K2, and between K2 and K3. As seen in Figure 4.11, all 

three clusters have fairly similar profile shapes and are primarily different with respect to 

their profile elevations (Hw3 scores higher overall than Hw1 and Hw2). In Figure 4.12, 

the three clusters also have different levels of profile elevation (K1 scores higher overall 

than K2 and K3), but show fairly similar profile patterns. The MPMM correlation matrix 

also indicates large positive correlations for Hw1 with K1 and K2, for Hw2 with K1 and 

K2, as well as for Hw3 with K1 and K2. We also found medium positive correlations for 

Hw1, Hw2 and Hw3 with K3. Given the MPMM results, no definitive corresponding 

clusters can be determined, however, based on a visual examination of profile elevations 

in Figures 4.11 and 4.12, we suspect that clusters Hw1, Hw2, and Hw3 correspond with 

clusters K3, K2, and K1, respectively. Our cluster-membership MPMM analysis (Table 

4.21) supports this interpretation, as there are significant positive correlations (p < 0.01) 

for Hw1, Hw2 and Hw3 with K3, K2 and K1, respectively. 

Table 4.20 MPMM Correlation Matrix for the SR Three-Cluster Solution 

 HCA (Ward’s method) K-Means CA 

 Hw1 Hw2 Hw3 K1 K2 K3 

Hw1 1.00      

Hw2 1.00*** 1.00     

Hw3 1.00*** 1.00*** 1.00    

K1 1.00*** 1.00*** 1.00*** 1.00   

K2 1.00*** 1.00*** 1.00*** 1.00*** 1.00  

K3 0.50** 0.50** 0.50** 0.50** 0.50** 1.00 
Note. Italicized values indicate the correlation between corresponding clusters 
* = small positive correlation (R2  > 0.02); ** = medium positive correlation (R2 > 0.13); ***= large positive correlation 
(R2 > 0.26) (Cohen, 1988) 

Table 4.21 Cluster-Membership MPMM for the SR Three-Cluster Solution 

 HCA (Ward’s method) K-Means CA 

 Hw1 Hw2 Hw3 K1 K2 K3 
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Hw1 1.00      

Hw2 -0.37** 1.00     

Hw3 -0.79** -0.28* 1.00    

K1 -0.56** -0.26* 0.75** 1.00   

K2 0.10 0.58** -0.48** -0.44** 1.00  

K3 0.45** -0.29* -0.28* -0.56** -0.50** 1.00 
Note. Italicized values indicate the correlation between corresponding clusters 
* = p < 0.05; ** = p < 0.01 

SR-Factor Three-Cluster ANOVAs 

A one-way ANOVA comparing the SR-factor domains across the three-cluster 

solution indicated that all 3 domains contributed meaningfully to cluster determinations, 

with large effect sizes ranging from η2 = .38 (Nonverbal Sending Skills) to η2 = .59 

(Social Motivation) (Table 4.22). Levene’s test found that the assumption of homogeneity 

of variance was not violated, and Bonferroni post-hoc tests revealed that the Social 

Motivation and Demonstrating Empathic Concern domains were significantly different (at 

the p < 0.05 level) across every cluster (Table 4.23). Clusters K1 and K3 did not differ 

significantly on the Nonverbal Sending Skills domain (Table 4.23). 

Table 4.22 One-Way ANOVA Results for the SR-Factor Three-Cluster Solution 

 Sum of 
Squares df 

Mean 
Square F Sig. Eta 

Squared 

Social Motivation Between Groups 2274.59 2 1137.30 53.36 <.001 .59 
Within Groups 1598.39 75 21.31    

Demonstrating 
Empathic Concern 

Between Groups 2849.60 2 1424.80 49.68 <.001 .57 
Within Groups 2151.02 75 28.68    

Nonverbal 
Sending Skills 

Between Groups 1487.98 2 743.99 23.03 <.001 .38 
Within Groups 2422.85 75 32.30    
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Table 4.23 Bonferroni Post-Hoc Results for the SR-Factor Three-Cluster 
Solution 

Dependent 
Variable Cluster Cluster Mean 

Difference 
Standard 
Error Sig. 

Confidence 
Interval 

Lower 
Bound 

Upper 
Bound 

Social 
Motivation 

1 
2 13.30* 1.34 <.001 10.02 16.57 
3 3.08* 1.24 .045 0.05 6.11 

2 3 -10.22* 1.30 <.001 -13.39 -7.04 
Demonstrating 
Empathic 
Concern 

1 2 14.83* 1.55 <.001 11.03 18.62 
3 10.33* 1.43 <.001 6.81 13.84 

2 3 -4.50* 1.37 .011 -8.18 -0.82 

Nonverbal 
Sending Skills 

1 2 10.67* 1.65 <.001 6.64 14.71 
3 2.24 1.52 .437 -1.49 5.97 

2 3 -8.44* 1.60 <.001 -12.34 -4.53 
Note. The sig. values in this table are the adjusted p values provided by SPSS on Bonferroni post-hoc analyses. 
Results have been interpreted with a family-wise alpha of .05. 
* = p < 0.05. 

SR-Factor Three-Cluster ANOVAs: Inter-Cluster Variability of SRS-2 Scores 

The one-way ANOVA results in Table 4.24 indicate that the Social Awareness, 

Social Cognition, Social Communication, and Social Motivation treatment subscales, as 

well as the Social Communication and Interaction factor, and the SRS-2 total scale all 

varied significantly across the three cluster solution at the p < 0.01 level, with large effect 

sizes ranging from η2 = .20 (Social Awareness) to η2 = .35 (Social Communication and 

Interaction). The RIRB or Autistic Mannerisms treatment subscale did not vary 

significantly across the three clusters. Levene’s test revealed that the assumption of 

homogeneity of variances was violated for the Social Communication and Interaction 

Domain [F(2, 75) = 3.42, p < .05], but a follow-up ANOVA with Welch’s correction 

revealed significant differences across all clusters on this domain (at the p < 0.01 level), 

which is consistent with the original ANOVA results. A Bonferroni post-hoc analysis 

revealed that none of the SRS-2 scales were significantly different (at the p < 0.05 level) 

across every cluster. Clusters K1 and K2 did not differ significantly on the RIRB or 

Autistic Mannerisms treatment subscale, clusters K1 and K3 did not differ significantly on 

any of the SRS-2 treatment subscales, the Social Communication and Interaction factor, 

and the SRS-2 total scale, and clusters K2 and K3 did not differ significantly on the RIRB 

or Autistic Mannerisms treatment subscale (Table 4.25). These results were consistent 
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in the Games-Howell analysis. A line graph with the mean SRS-2 scores for each cluster 

is shown in Figure 4.14. 

Table 4.24 One-Way ANOVA Results for the SR-Factor Three-Cluster Solution: 
Inter-Cluster Variability of SRS-2 Scores 

 Sum of 
Squares df 

Mean 
Square F Sig. Eta 

Squared 

SRS-2 Social 
Awareness 

Between Groups 1336.70 2 668.35 9.43 <.001 .20 
Within Groups 5316.84 75 70.89    

SRS-2 Social 
Cognition 

Between Groups 2616.48 2 1308.24 13.23 <.001 .26 
Within Groups 7418.51 75 98.91    

SRS-2 Social 
Communication 

Between Groups 1931.41 2 965.70 14.58 <.001 .28 
Within Groups 4968.44 75 66.25    

SRS-2 Social 
Motivation 

Between Groups 3649.65 2 1824.83 14.87 <.001 .28 
Within Groups 9201.69 75 122.69    

SRS-2 RIRB or 
Autistic Mannerisms 

Between Groups 752.64 2 376.32 2.75 .070  
Within Groups 10263.32 75 136.84    

SRS-2 Social 
Communication and 
Interaction a 

Between Groups 2693.16 2 1346.58 19.78 <.001 .35 

Within Groups 5106.29 75 68.08    

SRS-2 Total Score 
Between Groups 2353.64 2 1176.82 15.64 <.001 .29 
Within Groups 5642.16 75 75.23    

a = The assumption of homogeneity of variances was violated on this domain. 

 

Table 4.25 Bonferroni Post-Hoc Results for the SR-Factor Three-Cluster 
Solution: Inter-Cluster Variability of SRS-2 Scores 

Dependent 
Variable Cluster Cluster Mean 

Difference 
Standard 
Error Sig. 

Confidence Interval 

Lower 
Bound 

Upper 
Bound 

SRS-2 Social 
Awareness 

1 
2 -10.02* 2.44 <.001 -16.00 -4.05 
3 -1.85 2.26 1.000 -7.37 3.68 

2 3 8.18* 2.36 .003 2.39 13.96 

SRS-2 Social 
Cognition 

1 
2 -14.80* 2.88 <.001 -21.86 -7.75 
3 -6.28 2.66 .063 -12.80 0.25 

2 3 8.53* 2.79 .009 1.69 15.36 

1 2 -11.98* 2.36 <.001 -17.75 -6.20 
3 -2.02 2.18 1.000 -7.36 3.32 
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SRS-2 Social 
Communication 2 3 9.96* 2.28 

<.001 
4.36 15.55 

SRS-2 Social 
Motivation 

1 
2 -16.65* 3.21 <.001 -24.50 -8.79 
3 -3.29 2.97 .813 -10.56 3.98 

2 3 13.35* 3.11 <.001 5.74 20.97 
SRS-2 RIRB or 
Autistic 
Mannerisms 

1 
2 -7.91 3.39 .067 -16.21 0.39 
3 -3.00 3.13 1.000 -10.68 4.68 

2 3 4.91 3.28 .417 -3.13 12.95 
SRS-2 Social 
Communication 
and Interaction 

1 2 -14.65* 2.39 <.001 -20.05 -8.79 
3 -3.99 2.21 .225 -9.41 1.42 

2 3 10.65* 2.32 <.001 4.98 16.33 

SRS-2 Total 
Score 

1 2 -13.60* 2.51 <.001 -19.75 -7.45 
3 -3.39 2.32 .446 -9.08 2.30 

2 3 10.21* 2.43 <.001 4.25 16.17 
Note. The sig. values in this table are the adjusted p values provided by SPSS on Bonferroni post-hoc analyses. 
Results have been interpreted with a family-wise alpha of .05. 
* = p < 0.05. 

 

 

Figure 4.14 Mean SRS-2 Scores for the SR-Factor Three-Cluster Solution 
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SR-Factor Three-Cluster ANOVAs and Chi-Square Analysis: Inter-Cluster 
Variability of IQ, Age and Gender 

The one-way ANOVA comparing age (in years) and WASI IQ scores across the 

three-cluster solution indicated that both age and IQ scores did not vary significantly 

across the three clusters, with a small effect size for age and a medium effect size for 

age. (Table 4.26). The assumption of homogeneity of variances was not violated for this 

analysis. 

Table 4.26 One-Way ANOVA Results for the SR-Factor Three-Cluster Solution: 
Inter-Cluster Variability of IQ and Age 

 Sum of 
Squares df 

Mean 
Square F Sig. Eta 

Squared 

Age (years) 
Between Groups 17.02 2 8.51 2.92 .060 .07 
Within Groups 218.92 75 2.92    

WASI IQ 
Score 

Between Groups 199.49 2 99.74 0.74 .625 .01 
Within Groups 15813.85 75 210.85    

 

The chi-square test assumption was once again violated for the SR-factor three-

cluster Solution, as 33.3% of cells had an expected count of less than 5 (Table 4.27). 

The maximum likelihood ratio (LR) Chi-square test found no significant association 

between gender and cluster membership, LR (2, N = 78) = 1.11, p = .574 (Table 4.28). 

Table 4.27 SR-Factor Three-Cluster Solution: Crosstabulation of Clusters and 
Gender 

 
Sex  

Male Female Total 

Cluster 
Number 

1 Count 20 6 26 
Expected Count 21.7 4.3 26.0 

2 
Count 19 3 22 

Expected Count 18.3 3.7 22.0 

3 Count 26 4 30 
Expected Count 25.0 5.0 30.0 
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Table 4.28 Chi-Square Results for the SR-Factor Three-Cluster Solution: 
Association Between Clusters and Gender 

 Value df 
Asymptotic 
Significance 
(2-sided) 

Pearson Chi-Square 1.16 2 .561 

Likelihood Ratio 1.11 2 .574 

N of Valid Cases 78   
 

4.2.3. SR-Factor Four-Cluster HCA Analysis 

In the four-cluster HCA solution, Cluster 1 contained 28.2% of participants 

(n=22), Cluster 2 contained 23.1% of participants (n=18), Cluster 3 contained 11.5% of 

participants (n=9), and Cluster 4 contained 37.2% of participants (n=29). A line-graph 

representation of the HCA SR-factor profiles for the four-cluster solution is shown in 

Figure 4.15. 

 

Figure 4.15 Mean MSCS Scores for the HCA SR Four-Cluster Solution 
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4.2.4. SR-Factor Four-Cluster K-Means Analysis 

For the four-cluster SR solution, the cluster centers achieved convergence on the 

5th iteration. Cluster 1 contained 39.7% of participants (n=31), Cluster 2 contained 24.4% 

of participants (n=19), Cluster 3 contained 16.7% of participants (n=13), and Cluster 4 

contained the remaining 19.2% of participants (n= 15). A line graph with the MSCS 

profile for each cluster is shown in Figure 4.16, and the rescaled data is presented as a 

bar graph in Figure 4.17. 

 

Figure 4.16 Mean MSCS Scores for the K-Means SR Four-Cluster Solution 
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Figure 4.17 Rescaled Cluster Means for the K-Means SR Four-Cluster Solution 
Note. The horizontal “0.00” line in this bar graph represents the mean score for 
all participants on each MSCS variable. The bars in this graph represent each 
cluster’s deviations from the mean on each MSCS variable. 

SR-Factor Four-Cluster Multi-Profile Multi-Method Analysis and Cluster-
Membership Multi-Profile Multi-Method Analysis 

In the SR four-cluster MPMM analysis (Table 4.29), we identified large positive 

correlations between Hw3 and Hw4, between K1 and K2, K1 and K4, and between K2 

and K4. We also identified medium positive correlations for Hw1 with Hw3 and Hw4, for 

Hw2 with Hw3 and Hw4, for Hw3 with Hw4, for K1 with K3, K2 with K3, and K3 with K4. 

The similarities in HCA profile shapes can be seen in Figure 4.15, and the similarities in 

the k-means profile shapes can be seen in Figure 4.16. The MPMM correlation matrix 

also indicates large positive correlations for Hw1 with K3, for Hw3 with K1, K2 and K4, 

and for Hw4 with K1, K2 and K4, as well as medium positive correlations for Hw1 with 

K1, K2 and K4, for Hw2 with K1, K2 and K4, for Hw3 with K3, and for Hw4 with K3. 

Based on the correlation results alone, it is very difficult to determine corresponding 

cluster between the two solutions. By examining Figures 4.15 and 4.16, however, it 

appears as though clusters Hw1, Hw2, Hw3 and Hw4 correspond with clusters K3, K1, 

K4 and K2, respectively, In the cluster-membership MPMM analysis (Table 4.30), we 
identified significant positive correlations (p < 0.01) for Hw1, Hw2, Hw3 and Hw4 with 

K3, K1, K4 and K2, respectively, which lends additional support to this interpretation. 
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Table 4.29 MPMM Correlation Matrix for the SR Four-Cluster Solution 

 HCA (Ward’s method) K-Means CA 

 Hw1 Hw2 Hw3 Hw4 K1 K2 K3 K4 

Hw1 1.00        

Hw2 -0.50 1.00       

Hw3 0.50** 0.50** 1.00      

Hw4 0.50** 0.50** 1.00*** 1.00     

K1 0.50** 0.50** 1.00*** 1.00*** 1.00    

K2 0.50** 0.50** 1.00*** 1.00*** 1.00*** 1.00   

K3 1.00*** -0.50 0.50** 0.50** 0.50** 0.50** 1.00  

K4 0.50** 0.50** 1.00*** 1.00*** 1.00*** 1.00*** 0.50** 1.00 
Note. Italicized values indicate the correlation between corresponding clusters 
* = small positive correlation (R2  > 0.02); ** = medium positive correlation (R2 > 0.13); ***= large positive correlation 
(R2 > 0.26) (Cohen, 1988) 

Table 4.30 Cluster-Membership MPMM for the SR Four-Cluster Solution 

 HCA (Ward’s method) K-Means CA 

 Hw1 Hw2 Hw3 Hw4 K1 K2 K3 K4 

Hw1 1.00        

Hw2 -0.34** 1.00       

Hw3 -0.23* -0.20 1.00      

Hw4 -0.48** -0.42** -0.28* 1.00     

K1 -0.16 0.55** -0.29** -0.14 1.00    

K2 -0.36** -0.31** -0.20 0.74** -0.46** 1.00   

K3 0.64** -0.24* -0.16 -0.27* -0.36** -0.25* 1.00  

K4 -0.02 -0.11 0.74** -0.38** -0.40** -0.28* -0.22 1.00 
Note. Italicized values indicate the correlation between corresponding clusters 
* = p < 0.05; ** = p < 0.01 

SR-Factor Four-Cluster ANOVAs 

A one-way ANOVA comparing the SR-factor domains across the four-cluster 

solution indicated that all 3 domains contributed meaningfully to cluster determinations, 

with large effect sizes ranging from η2 = .53 (Social Motivation) to η2 = .69 

(Demonstrating Empathic Concern) (Table 4.31). Levene’s test found that the 
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assumption of homogeneity of variance was not violated. Bonferroni post-hoc tests 

revealed that none of the MSCS domains were significantly different (at the p < 0.05 

level) across every cluster (Table 4.32). However, all of the MSCS variables differed 

significantly between clusters K1 and K2, K1 and K3, K1 and K4, as well as K2 and K4 

at the p < 0.05 level (Table 4.32). Clusters K2 and K3 did not differ significantly on the 

Social Motivation and Nonverbal Sending Skills domains, and clusters K3 and K4 did not 

differ significantly on the Demonstrating Empathic Concern domain (Table 4.32). 

Table 4.31 One-Way ANOVA Results for the SR-Factor Four-Cluster Solution 

 Sum of 
Squares df 

Mean 
Square F Sig. Eta 

Squared 

Social Motivation 
Between Groups 2050.80 3 683.60 27.76 <.001 .53 
Within Groups 1822.19 74 24.62    

Demonstrating 
Empathic Concern 

Between Groups 3460.49 3 1153.50 55.42 <.001 .69 
Within Groups 1540.12 74 20.81    

Nonverbal 
Sending Skills 

Between Groups 2257.49 3 752.50 33.68 <.001 .58 
Within Groups 1653.34 74 22.34    
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Table 4.32 Bonferroni Post-Hoc Results for the SR-Factor Four-Cluster Solution 

Dependent 
Variable Cluster Cluster Mean 

Difference 
Standard 
Error Sig. 

Confidence 
Interval 

Lower 
Bound 

Upper 
Bound 

Social 
Motivation 

1 
2 -7.23* 1.45 <.001 -11.15 -3.31 
3 -4.62* 1.64 .037 -9.06 -0.17 
4 7.61* 1.56 <.001 3.38 11.84 

2 
3 2.61 1.79 .888 -2.23 7.45 
4 14.84* 1.71 <.001 10.20 19.49 

3 4 12.23* 1.88 <.001 7.13 17.33 

Demonstrating 
Empathic 
Concern 

1 
2 -7.21* 1.33 <.001 -10.81 -3.61 
3 7.46* 1.51 .001 3.37 11.55 
4 11.47* 1.43 <.001 7.58 15.36 

2 3 14.67* 1.64 <.001 10.22 19.12 
4 18.68* 1.58 <.001 14.41 22.95 

3 4 4.01 1.73 .140 -0.68 8.69 

Nonverbal 
Sending Skills 

1 
2 -7.82* 1.38 <.001 -11.56 -4.09 
3 -7.07* 1.56 <.001 -11.31 -2.84 
4 6.79* 1.49 <.001 2.76 10.82 

2 
3 0.75 1.70 1.000 -3.86 5.36 
4 14.61* 1.63 <.001 10.18 19.04 

3 4 13.86* 1.79 <.001 9.01 18.72 
Note. The sig. values in this table are the adjusted p values provided by SPSS on Bonferroni post-hoc analyses. 
Results have been interpreted with a family-wise alpha of .05. 
* = p < 0.05. 

SR-Factor Four-Cluster ANOVAs: Inter-Cluster Variability of SRS-2 Scores 

For the SR-factor four-cluster solution, the one-way ANOVA results in Table 4.33 

indicate that the Social Awareness, Social Cognition, Social Communication, and Social 

Motivation treatment subscales, as well as the Social Communication and Interaction 

factor, and the SRS-2 total scale all varied significantly across the three cluster solution 

at the p < 0.01 level, whereas the RIRB or Autistic Mannerisms treatment subscale 

varied significantly across the three clusters at the p < 0.05 level. All SRS-2 scales had 

large effect sizes ranging from η2 = .14 (RIRB or Autistic Mannerisms) to η2 = .45 (Social 

Communication and Social Communication and Interaction), and the assumption of 

homogeneity of variances was not violated based on Levene’s test. Bonferroni post-hoc 

analysis revealed that none of the SRS-2 scales differed significantly (at the p < 0.05 

level) across every cluster, and only Clusters 3 and 4 were found to have significantly 
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different results across all SRS-2 scales (Table 4.34). A line graph with the mean SRS-2 

scores for each cluster is shown in Figure 4.18. 

Table 4.33 One-Way ANOVA Results for the SR-Factor Four-Cluster Solution: 
Inter-Cluster Variability of SRS-2 Scores 

 Sum of 
Squares df 

Mean 
Square F Sig. Eta 

Squared 

SRS-2 Social 
Awareness 

Between Groups 1554.79 3 518.26 7.52 <.001 .23 
Within Groups 5098.75 74 68.90    

SRS-2 Social 
Cognition 

Between Groups 2515.43 3 838.48 8.25 <.001 .25 
Within Groups 7519.56 74 101.62    

SRS-2 Social 
Communication 

Between Groups 3084.31 3 1028.10 19.94 <.001 .45 
Within Groups 3815.54 74 51.56    

SRS-2 Social 
Motivation 

Between Groups 5005.23 3 1668.41 15.74 <.001 .39 
Within Groups 7846.12 74 106.03    

SRS-2 RIRB or 
Autistic Mannerisms 

Between Groups 1520.25 3 506.75 3.95 .011 .14 
Within Groups 9495.71 74 128.32    

SRS-2 Social 
Communication and 
Interaction 

Between Groups 3493.73 3 1164.58 20.01 <.001 .45 

Within Groups 4305.72 74 58.19    

SRS-2 Total Score 
Between Groups 3101.44 3 1033.81 15.63 <.001 .39 
Within Groups 4894.36 74 66.14    

 

 

Table 4.34 Bonferroni Post-Hoc Results for the SR-Factor Four-Cluster 
Solution: Inter-Cluster Variability of SRS-2 Scores 

Dependent 
Variable Cluster Cluster Mean 

Difference 
Standard 
Error Sig. 

Confidence 
Interval 

Lower 
Bound 

Upper 
Bound 

SRS-2 Social 
Awareness 

1 
2 3.37 2.42 1.000 -3.19 9.93 
3 3.35 2.74 1.000 -4.09 10.79 
4 -8.95* 2.61 .006 -16.03 -1.87 

2 3 -0.02 2,99 1.000 -8.12 8.08 
4 -12.32* 2.87 <.001 -20.10 -4.55 

3 4 -12.30* 3.15 .001 -20.83 -3.78 

1 2 7.33 2.94 .089 -0.63 15.29 
3 1.06 3.33 1.000 -7.97 10.09 
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SRS-2 Social 
Cognition 

4 -9.94* 3.17 .015 -18.53 -1.34 

2 
3 -6.26 3.63 .531 -16.10 3.57 
4 -17.26* 3.48 <.001 -26.70 -7.82 

3 4 -11.00* 3.82 .031 -21.36 -0.64 

SRS-2 Social 
Communication 

1 
2 6.53* 2.09 .015 0.86 12.21 
3 8.52* 2.37 .004 2.09 14.95 
4 -9.76* 2.26 <.001 -15.89 -3.64 

2 3 1.98 2.58 1.000 -5.02 8.99 
4 -16.30* 2.48 <.001 -23.02 -9.57 

3 4 -18.28* 2.72 <.001 -25.66 -10.91 

SRS-2 Social 
Motivation 

1 
2 9.32* 3.00 .016 1.18 17.45 
3 6.62 3.40 .334 -2.61 15.84 
4 -13.73* 3.24 <.001 -22.51 -4.95 

2 
3 -2.70 3.71 1.000 -12.75 7.35 
4 -23.05* 3.56 <.001 -32.69 -13.41 

3 4 -20.35* 3.90 <.001 -30.39 -9.77 

SRS-2 RIRB or 
Autistic 
Mannerisms 

1 
2 6.52 3.30 .311 -2.42 15.47 
3 9.11 3.74 .104 -1.04 19.26 
4 -2.98 3.56 1.000 -12.64 6.68 

2 3 2.59 4.08 1.000 -8.47 13.64 
4 -9.51 3.91 .105 -20.11 1.10 

3 4 -12.09* 4.29 .037 -23.73 -0.46 

SRS-2 Social 
Communication 
and Interaction 

1 
2 7.95* 2.22 .004 1.93 13.98 
3 6.25 2.52 .093 -0.59 13.08 
4 -11.08* 2.40 <.001 -17.58 -4.57 

2 
3 -1.71 2.75 1.000 -13.98 5.73 
4 -19.03* 2.63 <.001 -9.15 -11.89 

3 4 -17.32* 2.89 <.001 -26.17 -9.49 

SRS-2 Total 
Score 

1 
2 7.63* 2.37 .011 1.21 14.06 
3 7.32* 2.69 .048 0.03 14.60 
4 -9.71* 2.56 .002 -16.64 -2.77 

2 3 -0.32 2.93 1.000 -8.26 7.62 
4 -17.34* 2.81 <.001 -24.96 -9.73 

3 4 -17.02* 3.08 <.001 -25.38 -8.67 
Note. The sig. values in this table are the adjusted p values provided by SPSS on Bonferroni post-hoc analyses. 
Results have been interpreted with a family-wise alpha of .05. 
* = p < 0.05. 
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Figure 4.18 Mean SRS-2 Scores for the SR-Factor Four-Cluster Solution 

SR-Factor Four-Cluster ANOVAs and Chi-Square Analysis: Inter-Cluster 
Variability of IQ, Age and Gender 

The one-way ANOVA results (Table 4.35) indicate that age varied significantly 

across the four clusters (at the p < .05 level), and there was a medium effect size for this 

finding. There was no significant difference in IQ scores across the cluster solution 

(Table 4.35). Levene’s test indicated that the assumption of homogeneity of variances 

was not violated for this analysis. In a follow-up Bonferroni post-hoc test, we determined 

that only clusters K3 and K4 differed significantly (at the p < 0.05 level) with respect to 

Age (Table 4.36). 

Table 4.35 One-Way ANOVA Results for the SR-Factor Four-Cluster Solution: 
Inter-Cluster Variability of IQ and Age 

 Sum of 
Squares df 

Mean 
Square F Sig. Eta 

Squared 

Age (years) 
Between Groups 29.47 3 9.82 3.52 .019 .13 
Within Groups 206.47 74 2.79    

WASI IQ 
Score 

Between Groups 1255.74 3 418.58 2.10 .108 .08 
Within Groups 14757.60 74 199.43    
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Table 4.36 Bonferroni Post-Hoc Results for the SR-Factor Four-Cluster 
Solution: Inter-Cluster Variability of Age 

Dependent 
Variable Cluster Cluster Mean 

Difference 
Standard 
Error Sig. 

Confidence 
Interval 

Lower 
Bound 

Upper 
Bound 

Age (years) 

1 
2 0.51 0.49 1.000 -0.81 1.83 
3 1.25 0.55 .157 -0.24 2.75 
4 -0.70 0.53 1.000 -2.12 0.73 

2 3 0.75 0.60 1.000 -0.88 2.38 
4 -1.20 0.58 .244 -2.77 0.36 

3 4 -1.95* 0.63 .017 -3.66 -0.23 
Note. The sig. values in this table are the adjusted p values provided by SPSS on Bonferroni post-hoc analyses. 
Results have been interpreted with a family-wise alpha of .05. 
* = p < 0.05. 

The chi-square test assumption was violated for the SR-factor four-cluster 

Solution, because 37.5% of cells had an expected count of less than 5 (Table 4.37). The 

maximum likelihood ratio (LR) Chi-square test found no significant association between 

gender and cluster membership, LR (3, N = 78) = 3.93, p = .269 (Table 4.38). 

Table 4.37 SR-Factor Four-Cluster Solution: Crosstabulation of Clusters and 
Gender 

 
Sex  

Male Female Total 

Cluster 
Number 

1 
Count 28 3 31 

Expected Count 25.8 5.2 31.0 

2 
Count 13 6 19 

Expected Count 15.8 3.2 19.0 

3 Count 11 2 13 
Expected Count 10.8 2.2 13.0 

4 Count 13 2 15 
Expected Count 12.5 2.5 15.0 
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Table 4.38 Chi-Square Results for the SR-Factor Four-Cluster Solution: 
Association Between Clusters and Gender 

 Value df 
Asymptotic 
Significance 
(2-sided) 

Pearson Chi-Square 4.27 3 .234 

Likelihood Ratio 3.93 3 .269 

N of Valid Cases 78   
 

4.3. Cluster Analyses: MSCS Higher-Order Social 
Understanding/Emotion Regulation (SU/ER) Factor 
Profiles 

For the higher-order SU-ER factor HCAs, only the Ward’s method analysis was 

retained, as it provided the most interpretable and balanced dendrogram (Figure 4.19) of 

the three methods. Like with the seven-domain and SR-factor analyses, the nearest 

neighbor method (Appendix B.5) produced a string-like data chain which was not useful 

for this analysis, and the between-groups method (Appendix B.6) provided an 

unbalanced cluster solution where one cluster contained the majority of the data (Lange 

et al., 2002). Based on the Ward’s method dendrogram, a three-cluster solution was 

selected for further analysis, and no data was discarded. 
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Figure 4.19 MSCS SU/ER Factor Ward’s Method Dendrogram 
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4.3.1. SR-Factor Three-Cluster HCA Analysis 

In the three-cluster HCA solution, Cluster 1 contained 14.1% of participants 

(n=11), Cluster 2 contained 62.8% of participants (n=49), and Cluster 3 contained 23.1% 

of participants (n=18). A line-graph representation of the HCA SU/ER-factor profiles for 

the three-cluster solution is shown in Figure 4.20. 

 

Figure 4.20 Mean MSCS Scores for the HCA SU/ER Three-Cluster Solution 

4.3.2. SU/ER Factor Three-Cluster K-Means Analysis 

For the next step in this analysis, a k-means CA was conducted, requesting a 

three-cluster solution, as determined by the HCA method results. The cluster centers 

converged on the 7th iteration. Cluster 1 contained 33.3% of participants (n=26), Cluster 

2 contained 35.9% of participants (n=28), and Cluster 3 contained 30.8% of participants 

(n=24). A line graph with the MSCS profile for each cluster is shown in Figure 4.21. This 

data is rescaled to highlight the relative differences between clusters across variable 

scores in Figure 4.22. 
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Figure 4.21 Mean MSCS Scores for the K-Means SU/ER Three-Cluster Solution 

 

 

Figure 4.22 Rescaled Cluster Means for the K-Means SU/ER Three-Cluster 
Solution 
Note. The horizontal “0.00” line in this bar graph represents the mean score for 
all participants on each MSCS variable. The bars in this graph represent each 
cluster’s deviations from the mean on each MSCS variable. 
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SU/ER Factor Three-Cluster Multi-Profile Multi-Method Analysis and 
Cluster-Membership Multi-Profile Multi-Method Analysis 

For the Multi-Profile Multi-Method (MPMM) analysis (Table 4.39), we identified a 

large positive correlation between K1 and K3, as well as a medium positive correlation 

between Hw2 and Hw3. As seen in Figures 4.21 and 4.22, Hw2 and Hw3, as well as K1 

and K3 have similar profile shapes and are primarily different with respect to their profile 

elevations. We also identified large positive correlations for Hw1 with K2, for Hw2 with 

K2 and K3, and for Hw3 with K1 and K2, as well as a medium positive correlation 

between Hw2 and K1. Based on the MPMM results alone, it appears as though Hw1 and 

K2 are equivalent cluster pairs, however this relationship does not appear to be as 

straightforward in figures 4.21 and 4.22. Furthermore, no definitive corresponding 

clusters can be easily determined for Hw2 and Hw3 based on the MPMM data and a 

visual examination of Figures 4.21 and 4.22. In the cluster-membership MPMM analysis 

(Table 4.40), we identified significant positive correlations (p < 0.01) for Hw1 with K3 but 

also for Hw3 with K3, as well as for Hw2 with both K1 and K2. Thus, we are unable to 

draw clear comparisons between the HCA and K-means CA analyses for the SU/ER 

three-cluster results to externally validate this cluster solution. 

Table 4.39 MPMM Correlation Matrix for the SU/ER Three-Cluster Solution 

 HCA (Ward’s method) K-Means CA 

 Hw1 Hw2 Hw3 K1 K2 K3 

Hw1 1.00      

Hw2 0.00 1.00     

Hw3 -0.80 0.40** 1.00    

K1 -0.80 0.40** 1.00*** 1.00   

K2 0.80*** 0.60*** -0.40 -0.40 1.00  

K3 -0.60 0.80*** 0.80*** 0.80*** 0.00 1.00 
Note. Italicized values indicate the correlation between corresponding clusters 
* = small positive correlation (R2  > 0.02); ** = medium positive correlation (R2 > 0.13); ***= large positive correlation 
(R2 > 0.26) (Cohen, 1988) 
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Table 4.40 Cluster-Membership MPMM for the SU/ER Three-Cluster Solution 

 HCA (Ward’s method) K-Means CA 

 Hw1 Hw2 Hw3 K1 K2 K3 

Hw1 1.00      

Hw2 -0.53** 1.00     

Hw3 -0.22 -0.71** 1.00    

K1 -0.29* 0.43** -0.26* 1.00   

K2 -0.07 0.41** -0.41** -0.53** 1.00  

K3 0.37** -0.87** 0.69** -0.47** -0.50** 1.00 
Note. Italicized values indicate the correlation between corresponding clusters 
* = p < 0.05; ** = p < 0.01 
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Chapter 5.  
 
Interpretation of Results 

5.1. Cluster analysis of the Seven-Domain Profiles 

5.1.1. Internal validation of the Seven-Domain Profiles 

For the seven-domain internal validation procedure, the HCA and k-means CA 

methodologies produced similar results for both the three-cluster and four-cluster 

analyses and we were able to determine corresponding cluster pairs between the two 

methodologies. In the k-means CA analysis, all 7 of the MSCS domains contributed 

meaningfully to cluster determinations in both the three-cluster and four-cluster 

solutions, though only the Social Motivation domain scores were significantly different 

across every cluster in the three-cluster solution, and none of the MSCS domains were 

significantly different across all clusters for the four-cluster solution. In other words, we 

were able to provide some validation for the k-means derived clusters and the value of 

each MSCS domain in determining these groupings, but not all clusters were 

significantly different from one another on every MSCS domain. 

5.1.2. Interpretation of the Seven-Domain 3-Cluster K-Means Profiles 

In the three-cluster solution, Clusters 1 and 2 possessed very similar profile 

patterns that differed significantly with respect to the elevation of profile scores, as 

Cluster 2 scored significantly higher than Cluster 1 on all MSCS domains. With respect 

to the specific pattern of data within Clusters 1 and 2, both groups scored highest on the 

Social Motivation, Demonstrating Empathic Concern, and Nonverbal Sending Skills 

domains, with the highest individual scores for both clusters in the nonverbal sending 

skills domains. These three domains make up the Higher-Order SR Factor of the MSCS. 

Because Cluster 1 scored lowest on the remaining MSCS domains, we labelled this 

group the “low SU/ER with SR strengths” cluster. In addition to having strengths in the 

SR-related, Cluster 2 had the highest overall MSCS scores relative to the other clusters, 

so we labelled this group the “high SC” cluster. Unlike Clusters 1 and 2, Cluster 3 scored 

lowest on the Social Motivation domain and generally had the greatest difficulties on the 
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SR-related MSCS domains, but had strengths on the Verbal Conversation Skills domain 

(though Cluster 3 did not score significantly higher than Cluster 2 on this domain, it was 

the highest score in Cluster 3’s MSCS profile). Therefore, we labelled this group the “low 

SR, high VC (Verbal Conversation) skills” cluster. 

In follow-up analyses, the SRS-2 scales varied significantly across the three-

cluster solution. Similar to their MSCS results, Clusters 1 and 2 showed very similar 

SRS-2 profiles that differed primarily with respect to the elevation of their scores. Given 

that a high SRS-2 score is indicative of greater social challenges, Cluster 2 scored 

significantly lower on the SRS-2 than Clusters 1 and 3, and showed the least Social 

Motivation difficulties of all three clusters. Clusters 1 and 3 did not differ significantly on 

the SRS-2 domains. The similarities between MSCS and SRS-2 results is consistent 

with the good convergent validity that has been reported between these measures 

(Yager & Iarocci, 2013). 

Age and IQ scores did not vary significantly across clusters, and no significant 

association was found between gender and cluster membership. This result suggests 

that the variance between the three clusters is not simply a reflection of the variability 

that exists with respect to IQ, age and gender in the sample. This lends support to our 

postulation that these clusters reflect some actual differences in social functioning 

across individuals in the sample.  

5.1.3. Interpretation of the Seven-Domain 4-Cluster K-Means Profiles 

In the four cluster solution, Clusters 3 and 4 had very similar profile patterns but 

were separated by their overall profile score elevations. Cluster 4 possessed the lowest 

MSCS scores overall, but showed strengths on the Nonverbal Sending Skills domain. 

This cluster was labelled the “low SC with NvS (Nonverbal Sending) strengths” cluster. 

Cluster 3 was generally the highest scoring cluster overall, with particularly high scores 

on the Demonstrating Empathic Concern domain, so we labelled this group the “high SC 

with DEC strengths” cluster. Cluster 1’s profile shape was also similar to Clusters 3 and 

4, but generally scored in the middle range of all MSCS domains relative to the other 

clusters. Cluster 1’s highest scores were on the Nonverbal Sending Skills domain, so we 

labelled this group the “moderate SC with NvS strengths” cluster. Cluster 2 had the most 

unique profile shape in the 7-domain 4-cluster solution. The cluster profile showed 
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difficulties on the Social Motivation domain, paired with high scores on the Verbal 

Conversation Skills and Emotional Regulation domains. Thus, we labelled this group the 

“Low SM (Social Motivation) with verbal and ER strengths” cluster. 

In our follow-up analyses, the SRS-2 scales varied significantly across the three-

cluster solution. We once again found similarities between the SRS-2 profiles and our 

MSCS findings. Specifically, Cluster 4 had the most elevated SRS-2 scores, indicating 

the greatest level of social skill difficulties, which was in line with our MSCS findings for 

this cluster. There were no significant differences in SRS-2 profiles for the remaining 

three clusters. 

As we found in the three-cluster analysis, IQ scores did not vary significantly 

across the four-cluster solution, and no significant association was found between 

gender and cluster membership. We did, however, discover a significant difference in 

age across the cluster solution. This finding means that the clustering results were also 

influenced by the age of the cluster members, and is not simply a reflection of social skill 

differences in the sample. 

5.1.4. Comparison of the Seven-Domain 3-Cluster and 4-Cluster K-
Means Results 

The cluster profile line graphs for both seven-domain cluster solutions illustrate 

similar profile patterns between Clusters 1, 2 and 3 of the three-cluster solution with 

Clusters 4, 3 and 2 of the four-cluster solution, respectively. The primary difference 

between these graphs is the emergence of Cluster 1 in the four-cluster solution, which 

appears to tease out a “middle” group of participants from Clusters 2 and 3 from the k-

means analysis (Clusters 3 and 2 in the HCA results). Although the emergence of this 

fourth cluster provides a more detailed presentation of the social competence 

differences within the study’s sample population, the cluster solution is also influenced 

by the age of participants in the sample. Given that the intention of this study was to 

determine subgroups that differ on the basis of SC (as opposed to factors such as age 

or IQ), the three-cluster solution is a more favourable approach when analyzing the full 

seven-domain MSCS data. 
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5.2. Cluster analysis of the Social Responsiveness (SR) 
Factor Profiles 

5.2.1. Internal validation of the SR Factor Profiles 

In the SR-factor internal validation procedure, the HCA and k-means CA results 

were fairly similar for both the three-cluster and four-cluster analyses, so we were able to 

provide some validation for the k-means derived clusters. In the k-means CA analysis, 

all three of the SR-factor domains contributed meaningfully to cluster determinations for 

both the three-cluster and four-cluster solutions, meaning each MSCS domain played a 

valuable role in determining these groupings. Across the individual clusters, however, 

only the Social Motivation and Demonstrating Empathic Concern domains were 

significantly different across the three-cluster solution, and none of the SR-factor 

domains were significantly different across every cluster for the four-cluster solution. 

5.2.2. Interpretation of the SR Factor 3-Cluster K-Means Profiles 

In the three-cluster solution, the clusters differed significantly from one-another 

on their profile score elevations; Cluster 1 scored highest overall, followed by Cluster 3 

and Cluster 2. Beyond these elevation differences, all three clusters were strongest on 

the Nonverbal Sending Skills domain, but Clusters 1 and 2 had the greatest difficulties 

on the Social Motivation domain, whereas Cluster 3 somewhat more difficulty on the 

Demonstrating Empathic Concern domain. As a result, we labelled these clusters the 

“high SR” (1), “moderate SR with slight DEC challenges” (3), and the “low SR” (2) 

clusters. 

In our external validation analysis, all SRS-2 scales varied significantly across 

the three-cluster solution, except for the RIRB or Autistic Mannerisms subscale. Of all 

the SRS-2 scales, the RIRB or Autistic Mannerisms scale is the least related to the 

MSCS scores, as it is the only SRS-2 scale that does not examine an area of social 

functioning. Therefore, it is understandable that this variable may not vary significantly 

across MSCS-based clusters. Given that the remaining SRS-2 scores (which do 

measure various areas of social functioning) did vary significantly across the SR-factor 

3-cluster solution, we still consider this solution to have been externally validated with 

participant SRS-2 scores. We once again found similarities between the SRS-2 profiles 
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and our MSCS findings. Specifically, Cluster 2 had the most elevated SRS-2 scores, 

indicating the greatest level of social skill difficulties, and Cluster 1 had significantly lower 

SRS-2 scores than Cluster 2, which was in line with our MSCS findings for these 

clusters. There were no significant differences in SRS-2 profiles between Clusters 1 and 

3. 

Similar to the 7-domain three-cluster analysis, age and IQ scores did not vary 

significantly across the SR-factor three cluster solution, and no significant association 

was found between gender and cluster membership. Therefore, we can assume that the 

cluster solution we obtained is not simply a reflection of age, gender and IQ-related 

differences in the sample. 

5.2.3. Interpretation of the SR Factor 4-Cluster K-Means Profiles 

The four-cluster solution also resulted in “high”, “medium” and “low” social 

responsiveness clusters, with two clusters showing “medium” levels of social 

responsiveness. Similar to the three-cluster solution, all clusters were strongest on the 

Nonverbal Sending Skills domain, and Clusters 1, 2 and 4 had Social Motivation 

weaknesses. Cluster 3, however, had notable difficulty with Demonstrating Empathic 

Concern, but showed strengths on the Nonverbal Sending Skills and Social Motivation 

domains. As a result of these trends and similarities with the 3-cluster solution, we 

labelled these groups the “high SR” (2), “moderate SR” (1), “moderate SR with 

pronounced DEC challenges” (3), and “low SR” (4) clusters. 

The SRS-2 scales also varied significantly across the four-cluster solution, and 

we once again found similarities between the SRS-2 profiles and our MSCS findings. 

Cluster 4 had the most elevated SRS-2 scores, indicating the greatest level of social skill 

difficulties, which was in line with our MSCS findings for this cluster. Though there were 

limited significant differences in SRS-2 profiles for the remaining three clusters, Cluster 1 

scored significantly higher on the Social Communication and Interaction factor and the 

SRS-2 total score than Cluster 2, which is also consistent with the MSCS results. 

As we found in the 7-domain four-cluster analysis, IQ scores did not vary 

significantly across the four-cluster solution and no significant association was found 

between gender and cluster membership, but we did find a significant difference in age 
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across the cluster solution. Therefore, the clustering outcomes were not independent 

from participants’ ages for the SR-factor four-cluster solution. 

5.2.4. Comparison of the SR Factor 3-Cluster and 4-Cluster K-Means 
Results 

Based on an examination of the analysis results and cluster profile line graphs for 

the three- and four-cluster solutions, Clusters 1, 2 and 3 from the three-cluster solution 

appear to correspond with Clusters 2, 4 and 3 from the four-cluster solution. The new 

addition in the four-cluster solution (Cluster 1) is likely composed of individuals from all 

three of the other clusters, given that Cluster 1 consists of 39.7% of the sample, and the 

remaining clusters have far fewer members in the four-cluster solution than the three-

cluster solution. Similar to the 7-domain four-cluster results, the SR-factor four-cluster 

solution showed some correlation with participant age. Therefore, we find the three-

cluster analysis to be a more favourable clustering solution for the SR-factor data, as we 

can more confidently believe that the cluster solution is at least in part a reflection of true 

SC differences within the sample. 

5.3. Cluster analysis of the Social Understanding/Emotion 
Regulation (SU/ER) Factor Profiles 

5.3.1. Internal validation of the SU/ER Factor Profiles 

For the SU/ER validation procedure, we were unable to determine corresponding 

cluster pairs between the HCA and k-means CA solutions based on cluster membership 

trends and differences in cluster profile shapes across the two methodologies. Because 

we were not able to validate the k-means derived clusters for the SU/ER factor data, we 

cannot reliably interpret results from this procedure, so we discontinued this analysis. 
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Chapter 6.  
 
Discussion 

The aim of this study was to identify clusters of social competence (SC) profiles 

among autistic children. When evaluating the results of this study, it is important to 

recognize that cluster analysis is an exploratory data visualization technique that does 

not reveal “true characteristics” of a dataset, but rather enables researchers to select 

desirable representations of their data. A benefit of this approach is that researchers 

have the power to select a solution that allows for the clearest description of their 

dataset. A drawback to this analysis, on the other hand, is that definitive conclusions 

about the presence of homogeneous subgroups cannot be drawn based on the results 

of a single cluster analysis. Rather, conclusions should rely on the amalgamation of 

research findings across large, diverse samples. Finally, there is no clear or agreed-

upon method to conduct and evaluate the results of cluster analyses. We have 

attempted to address this issue by following the internal validation approach outlined 

with Lange and colleagues (2002), and by conducting multiple clustering techniques and 

contrasting the various results to determine the best fit for our data. 

Wing and Gould (1979) identified three social subtypes within autistic 

populations: “aloof” individuals who do not initiate social interactions or respond to 

other’s social advances, “passive” children who do not personally seek social 

interactions but are receptive to others’ social approaches, and “active but odd” children 

who seek out social interactions but do so in unusual or socially inappropriate ways. It 

was anticipated that participant SC profiles would cluster most clearly into 2-4 

homogeneous subgroups, and that these subgroups would be differentially 

characterized by the degree of Social Motivation and overall SC, similar to the social 

subtypes outlined by Wing and Gould (1979). Some of our findings were analogous to 

Wing and Gould’s (1979) subtypes. Most notably, both of the SR-factor cluster analyses 

resulted in three clusters (excluding Cluster 3 from the 4-cluster solution) that differed in 

their overall level of social responsiveness (which includes the Social Motivation 

domain). Because these clusters do not have marked profile shape differences, these 

clusters resemble Wing and Gould’s (1979) subtypes most closely, with the overall 

lowest-scoring, middle, and overall highest-scoring clusters, resembling the “aloof”, 
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“passive” and “active but odd” subtypes in Wing and Gould’s (1979) subgroups, 

respectively. Furthermore, both 7-domain analyses resulted in an overall high-scoring 

cluster, which maps closely with the “active but odd” subtype. It was difficult, however, to 

compare our remaining findings to Wing and Gould’s subtypes because the cluster 

results showed more nuanced differences between cluster groups than the differences 

outlined by Wing and Gould. Specifically, the multidimensional structure of the MSCS 

provides profiles of strengths and weaknesses in areas of social functioning (e.g., 

Nonverbal Sending Skills) that are not addressed in Wing and Gould’s (1979) 

classification system. Of the remaining 7-domain cluster solutions, both the “low SU/ER 

with SR strengths” (Cluster 1 from the 7-domain three-cluster analysis) and “low SC with 

NvS strengths” (Cluster 4 from the 7-domain four-cluster analysis) groups profiles 

suggest that these individuals show moderate interest in engaging with others and 

present with “appropriate” body language (e.g., eye contact, facial expressions) in social 

situations. At the same time, these individuals have difficulty following the unspoken 

“rules” of social interactions (e.g., taking turns when speaking) and staying calm in 

difficult social situations (e.g., disagreements), making them less likely to be socially 

acquiescent in the way that Wing and Gould’s (1979) “passive” subtype is described. 

Members of the “low SR, high VC skills” (Cluster 3 from the 7-domain three-cluster 

analysis) and the “low SM with verbal and ER strengths” groups (Cluster 2 from the 7-

domain four-cluster analysis) show very little interest in engaging with others socially and 

have difficulty reading other’s social cues and thinking of other’s feelings, but these 

groups do not align with Wing and Gould’s (1979) “aloof” subgroup, because despite 

their lower interest in engaging socially with others, these individuals can otherwise 

participate in back-and-forth conversations and show a level of emotional regulation that 

is generally on par with their peers in the other cluster groups. The “moderate SC with 

NvS strengths” group (Cluster 1 from the 7-domain four-cluster solution) shows some 

similarities with the “active but odd” classification, as these individuals are more socially 

motivated than the other clusters, but unlike Wing and Gould’s (1979) classification of 

the “active but odd” group, their overall SC profile is not the most elevated within the 

autistic sample. In the SR-factor four-cluster solution, the “moderate SR with pronounced 

DEC challenges” group (Cluster 3) would be likely to seek out interactions with others 

and display “appropriate” nonverbal communication skills (e.g., smiling appropriately, 

maintaining comfortable eye contact while conversing), but appear noticeably 

inconsiderate of other’s thoughts, feelings and needs. Because Wing and Gould’s (1979) 
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classification system does not address individual’s abilities to show concern for others’ 

wellbeing, we cannot draw a conclusion as to which of Wing and Gould’s groups this 

cluster might belong. 

Beyond the MSCS profiles of each cluster, we examined the variability in IQ 

scores, age and gender of each cluster group to determine if the variance in SC across 

clusters was associated with these factors. Previous studies described mixed findings 

regarding inter-cluster variability in IQ and age (Beglinger & Smith, 2001; Borden et al., 

1994; Volkmar et al., 1989) but given that previous analyses have shown small, 

nonsignificant correlations between MSCS profiles and age, it was anticipated that this 

factor would be relatively distinct from any MSCS clusters in the proposed study (Yager 

& Iarocci, 2013). IQ, on the other hand, has previously been shown to correlate with 

MSCS profiles of non-autistic children and thus, we were uncertain if it would show good 

discriminant validity with respect to the MSCS clusters (Johnston & Iarocci, 2017). As for 

gender-related variance, many studies do not report the association between gender 

and subgroup membership, but a few studies have found non-significant differences in 

gender distribution across social competence-based subgroups (Borden et al., 1994; 

Volkmar et al., 1989). Surprisingly, we did find significant differences in age across our 

four-cluster solutions on both the 7-domain and SR-factor analyses, which suggests that 

some of our clusters may have formed on the basis of age-related similarities rather than 

SC-based commonalities. Future studies should employ larger sample sizes and 

broader age distributions to further explore the relationship between cluster 

determinations and age in SC-based clusters. We did not, however, find significant 

variability in IQ across any clusters. This result suggests that the variance between SC 

profile clusters is not simply a reflection of the variability that exists with respect to IQ in 

the sample and provides some support for the validity of our SC-based clusters. As for 

the gender distribution across clusters, the maximum likelihood ratio (LR) Chi-square 

test did not reveal a significant association between gender and cluster membership for 

any of the CA results. Although this could be a positive indication that the cluster 

solutions were not swayed by gender- (rather than SC) related differences in the sample, 

it is important to acknowledge that this result may in part be due to the limited number of 

female participants in this study. To address this limitation, future studies should recruit a 

larger sample of female participants, which would allow for a more robust examination of 

gender differences across clusters.  
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The limited sample size of this study also restricts the generalizability of our 

results. Though it is important that future analyses be conducted with larger sample 

sizes, strong generalizability will require the amalgamation of similar results over many 

studies. Another limitation of the current study is that participant social skills (MSCS and 

SRS-2 scores) were determined exclusively on the basis of parent ratings. Future 

studies should incorporate ratings from additional informants, such as clinicians or 

teachers, to obtain more multifaceted assessments of participants’ social skills. 

In our comparison of Ward’s, Nearest Neighbour and Between-Groups HCA 

methodologies, the Ward’s method consistently provided the most preferable 

dendrogram from which we could select our comparison clusters. The Nearest 

Neighbour method resulted in “stringy” data that would not allow us to exclude outliers 

without removing all the data from our study, and the Between-Groups method clustered 

the data in a way that resulted in unbalanced clusters; both methodologies made it 

difficult for us to determine an ideal number of clusters from the solution. When 

comparing the HCA and k-means CA results, we conducted the MPMM internal 

validation procedure outlined by Lange et al. (2002). This analysis resulted in a high 

level of correlations between clusters from the same methodological approach due to 

similarities in cluster profile shapes, but by conducting the cluster-membership MPMM 

analysis we were able to make more meaningful comparisons between the HCA and k-

means CA results. In future CA studies utilizing the internal validation procedure outlined 

by Lange et al. (2002) with MSCS data, we recommend utilizing Ward’s method HCA to 

determine the number of desired cluster solutions for the k-means analysis, as well as 

the cluster-membership MPMM to evaluate for similarities between the HCA and k-

means results. 

A notable difference between this project and previous social subtyping studies 

lies in our measurement of social functioning. Previous social subtyping studies have 

been limited by their use of conceptual classifications of social functioning (which are 

vulnerable to clinical bias), their use of measures that assess beyond the realm of social 

functioning (which introduces construct-irrelevant variance), their use of measures of 

social functioning that were not designed for use with autistic populations, or by their 

simplification of “social functioning” to a single score (Beglinger & Smith, 2001; 

Constantino, 2000; Yager, 2012; Yager & Iarocci, 2013). In our effort to address these 

limitations, we utilized the MSCS because it is an empirical assessment tool focused 
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solely on areas related to social functioning, it was designed and developed for use with 

autistic individuals, and it is grounded in a complex, multidimensional conceptualization 

of social functioning. By using the MSCS in our cluster analysis project, we were able to 

extract detailed social profile clusters that have not been examined in other subtyping 

studies, while also extending the use of the MSCS measurement tool, which had not 

previously been used in cluster analysis research. 

Efforts to identify more homogeneous SC subgroups can benefit both research 

and clinical practice. In a research context, parsing this heterogeneity might assist with 

the exploration of underlying biological mechanisms in autism (Grzadzinski, Huerta & 

Lord, 2013; Lombardo, Lai & Baron-Cohen, 2019; Loth et al., 2017; Wolfers et al., 2019). 

Research suggests, for instance, that variability across the autistic population is 

connected to differences in individuals’ genetic composition, risk factors and etiology 

(Grzadzinski, Huerta & Lord, 2013; Lombardo, Lai & Baron-Cohen, 2019; Loth et al., 

2017; Wolfers et al., 2019). Based on this understanding, it is possible that individuals in 

more phenotypically-homogeneous subgroups might possess genotypic and etiologic 

similarities, and the classification of autistic subgroups could allow for a more organized 

examination of these underlying factors (Grzadzinski, Huerta & Lord, 2013; Lombardo, 

Lai & Baron-Cohen, 2019; Loth et al., 2017; Wolfers et al., 2019). The identification of 

SC clusters might also serve as a valuable framework for establishing more defined, 

homogeneous subgroups in research design, instead of grouping participants according 

to their broader clinical diagnoses. To further develop the findings from this project and 

our understanding of the social heterogeneity across autistic populations, future 

research should examine similarities and differences between SC-based clusters of 

autistic and non-autistic samples. Another future research direction could be to examine 

similarities and differences between SC-based clusters of autistic and non-autistic 

samples. It would also be interesting to assess participant’s Wing and Gould (1979) 

subtypes, and to examine the distribution of these groups across cluster solutions. 

The identification and examination of SC profile clusters could also be beneficial 

in a variety of clinical settings. In an assessment context, the evaluation of individuals’ 

social competence profiles could help to pinpoint areas of social functioning that can be 

harnessed (strengths) and those that might benefit from additional support further 

supported (weaknesses) (Yager & Iarocci, 2013). Beyond the SC profiles at the 

individual level, further research into social competence clusters could explore for 
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similarities in risk and protective factors for other psychological disabilities within 

subgroups, which could provide valuable information in a psychological assessment. 

With respect to the intervention-related benefits of this research, the determination of 

more homogeneous SC subgroups could provide an efficient way for assigning 

individuals to social skills-focused interventions. For example, once more agreed-upon 

SC clusters are established, future research could investigate for treatment outcome 

discrepancies across clusters. Differences across clusters in treatment response would 

highlight which individuals (clusters) are being effectively supported by a treatment 

program, and which individuals (clusters) require more tailored supports. New social 

skills-based interventions could also be tailored to the needs of specific cluster profiles, 

by considering the strengths and weaknesses of specific clusters when designing 

therapeutic programs. These approaches could improve the accuracy with which 

individuals are referred to the appropriate interventions for their unique needs, allowing 

for more individualized support for clients. 

Overall, our results suggest that using a multifaceted measure such as the 

MSCS allows for a more detailed examination of individuals’ social competence profiles, 

which in turns allows for the exploration of more complex subgroup-level differences 

among autistic individuals. Moreover, we have shown that cluster analysis 

methodologies can be a valuable tool to organize heterogeneous autistic populations 

into more homogeneous subgroups based on similarities in social competence profiles, 

though additional studies are required to establish consistent and reliable subgroups. 
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Appendix A.  
 
Participant Demographic Characteristics 

  n Mean SD Range 𝜶 

Age (years)  78 9.80 1.75 6.46 - 13.07  

Gender 
Male 65     

Female 13     

Ethnicity (self-
identified) 

Asian 33     
Canadian/American 29     

European 3     

African American 2     

Multicultural 11     

WASI-II FSIQ-2  78 103.67 14.42 71 – 144  

MSCS Domains 

Social Motivation 78 29.68 7.09 12 – 45 0.832 
Social Inferencing 78 26.67 6.67 14 – 44 0.864 

Demonstrating Empathic 
Concern 78 31.31 8.06 12 – 55 0.895 

Social Knowledge 78 31.36 6.86 16 – 44 0.809 
Verbal Conversation Skills 78 26.65 7.22 11 – 49 0.858 
Nonverbal Sending Skills 78 36.17 7.13 21 – 49 0.837 

Emotional Regulation 78 27.57 7.92 11 – 46 0.872 

SRS-2 

Social Awareness 78 69.92 9.30 48 – 95 0.492 
Social Cognition 78 71.75 11.26 46 – 96 0.804 

Social Communication 78 71.77 9.47 54 – 96 0.812 
Social Motivation 78 64.27 12.92 38 – 95 0.817 
RIRB or Autistic 

Mannerisms (Treatment 
Subscale and Factor) 

78 72.61 11.79 46 – 99 0.832 

Social Communication and 
Interaction Factor 78 72.22 9.88 56 – 94 0.919 

Total Score 78 72.95 10.19 57 – 95 0.937 
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Appendix B.  
 
Hierarchical Cluster Analysis Dendrograms 
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Figure B.1 MSCS Seven-Domain Nearest Neighbour Method Dendrogram 
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Figure B.2 MSCS Seven-Domain Between-Groups Method Dendrogram 
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Figure B.3 MSCS SR Factor Nearest Neighbour Method Dendrogram 



 

91 

 

Figure B.4 MSCS SR Factor Between-Groups Method Dendrogram 
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Figure B.5 MSCS SU/ER Factor Nearest Neighbour Method Dendrogram 
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Figure B.6 MSCS SU/ER Factor Between-Groups Method Dendrogram 


