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 Executive functioning abilities, including abstract reasoning, are often reported as 

weaknesses in autism spectrum disorders (ASDs).  The current study examines reasoning 

through a different approach by utilizing the Cattell-Horn-Carroll (CHC) theory of 

intelligence, which is a widely accepted, research-based model that defines reasoning or 

fluid intelligence (Gf) and outlines those smaller skills of which it is composed.  The 

Woodcock-Johnson, Third Edition (WJ III) is a test battery based on CHC theory, 

assessing the broad and narrow abilities of the model. 

 Young men with high-functioning autism spectrum disorders (HFASDs) and 

neurotypical controls were given the WJ III tasks that assess the four narrow abilities of 

fluid intelligence - general sequential reasoning/deductive reasoning (RG), 

induction/inductive reasoning (I), speed of reasoning (RE), and quantitative 

reasoning/math reasoning (RQ).  It was hypothesized that while deductive reasoning, 

inductive reasoning, and reasoning speed would be lower for HFASD, math reasoning 

would be comparable between groups.  This expectation was based on previous autism 
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research, which has found reasoning and processing speed deficits but preserved math 

skills. 

 The present study also sought to examine cerebellar volume, through structural 

brain imaging, and its relationship to reasoning abilities.  The HFASD group was 

expected to have reduced cerebellar volume when compared to controls.  The ASD 

literature contains many examples of this pattern of brain structure, with the cerebellum 

being the most commonly cited region of abnormality.  Additionally, the cerebellum has 

been implicated in studies of executive functioning, and a relationship between size and 

performance on nonverbal reasoning tasks has been reported.  Therefore, a positive 

correlation was hypothesized between cerebellar volume and scores on WJ III reasoning 

tasks. 

Twenty-one young adult male HFASD subjects and 21 neurotypical controls were 

included in the current study.  The data was analyzed through the use of 

MANOVA/MANCOVA, t-tests, and Pearson correlations.  Results supported fluid 

intelligence weaknesses in the HFASD sample, with significantly lower performance in 

speed of reasoning.  Deductive and inductive reasoning abilities were also lower, though 

these findings did not reach significance.  The data did not support decreased cerebellar 

volume in HFASD, nor was a relationship between fluid reasoning and volume of the 

cerebellum found.       
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CHAPTER 1 

Introduction 

 Currently, Autistic Disorder is a diagnosis that is classified within Pervasive 

Developmental Disorders in the Diagnostic and Statistical Manual of Mental Disorders - 

Fourth Edition – Text Revision (DSM-IV-TR) and includes impairments in social 

interaction and communication, as well as repetitive and stereotyped patterns of behavior 

and interests (APA, 2000).  The “autism spectrum” is a category of specific disorders 

including Autistic Disorder, Asperger’s Disorder, and Pervasive Developmental Disorder 

Not Otherwise Specified.  Because of the similarity in symptoms within these disorders, 

there is a lack of consensus on what separates each disorder from another, so the term 

autism spectrum disorder (ASD) has been adopted to encompass all individuals who 

display varying levels of autistic symptomatology along the continuum (O’Brien & 

Daggett, 2006).  Consistent with this view, the DSM-5, which will be released later this 

year, is anticipated to remove the diagnostic subcategories in favor of the classification 

“Autism Spectrum Disorder” (McPartland, Reichow, & Volkmar, 2012).   ASD involves 

deviations from typical brain development, regardless of specific symptoms or current 

diagnostic classification. 

 Autism is considered a neurological disorder (O’Brien & Daggett, 2006).  

Evidence of “developmental delays, epilepsy, dysmorphic features, obstetric 

complications, uneven sex ratio, and extremes of head size” are indicators of the 

biological underpinnings of autism (Szatmari, 2003).  Decades of research describe brain 

abnormalities in those with the disorder, from differences in frontal lobe and cerebellar 
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volumes to dysfunction of neurotransmitter systems (e.g., Allen, 2005; Bonilha et al., 

2008; Penn, 2006; Spencer et al., 2006).  These neurological findings provide a better 

understanding of the basis for the symptoms and deficits in ASD.     

 ASDs are a growing public concern, given their prevalence rate and significant 

impact on those affected by the disorders.  According to the DSM-IV-TR, Autistic 

Disorder occurs in 5 per 10,000 cases.  Research has failed to establish the prevalence of 

the more specific diagnosis of Asperger’s Disorder, as it is often encompassed under the 

autism umbrella (APA, 2000).  Boyle and colleagues (2011) report that autism has shown 

the greatest increase in prevalence across developmental disabilities over the past several 

years.  Further, the authors attribute this increase to societal changes, including greater 

availability of services and increased public awareness.  Regardless of etiology, the 

emergence of a higher prevalence demands a better understanding of the brain 

atypicalities involved in ASD, the development of more effective early interventions for 

the disorder, the determination of diagnostic implications, and the establishment of 

research-based prognostic predictions.    

Intellectual Functioning in ASD 

 As many as 75 percent of those with autism spectrum disorders are cognitively 

disabled, having an IQ of less than 70 (Carpentieri & Morgan, 1996; Lincoln et al., 

1988). Within the field of autism, those with an IQ score of 85 or greater are termed 

“high-functioning” (O’Brien & Daggett, 2006).  There are some trends in the 

performance of those with autism on various cognitive tests.  Children with high-

functioning autism have a weakness in sequential processing (Allen, Lincoln, & 
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Kaufman, 1991).  In addition, Lincoln and colleagues (1988) found those with low 

average or higher (IQ > 85) intellectual ability were strongest in their visual-motor skills 

but demonstrated significant language comprehension deficits.  Another study found 

weaknesses in the areas of abstraction, conceptualization, and sequencing (Ohta, 1987).  

 More recent investigations further characterize the cognitive strengths and 

weaknesses in this population, though findings are inconsistent.  Many studies have 

found that individuals with ASD tend to have a performance/nonverbal IQ that is 

significantly superior to their verbal IQ (e.g., Coolican, Bryson, & Zwaigenbaum, 2008; 

Mayes & Calhoun, 2003).  However, in a study of adults with autism, Spek and 

colleagues (2008) using the WAIS III, did not find a significant split between verbal and 

performance IQ scores.  Rather, in analyzing more specific abilities, individuals with 

high-functioning autism showed lower processing speed but stronger performance on 

Information and Matrix Reasoning, which are measures of general knowledge and 

reasoning.  In addition, those with Asperger’s Disorder were weak on Digit Span, a 

measure of working memory, but had relative strengths on Comprehension and Block 

Design, measures of knowledge of general information and visual-spatial ability.  Mayes 

and Calhoun (2008) reported that children with high-functioning ASD performed high on 

Perceptual Reasoning and Verbal Comprehension and low on Working Memory and 

Processing Speed on the WISC-IV.  Additionally, much research describes deficits in 

executive functioning, or higher order cognitive abilities (O’Brien & Daggett, 2006).  

Overall, this research generally shows that those with ASD are weak in processing speed, 

working memory, and executive functioning.  However, those with autism spectrum 
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disorders had relative strengths in areas of verbal knowledge, visuospatial skills, and 

perceptual reasoning. 

 In an attempt to better determine assets and deficits in cognitive abilities, 

researchers investigated two aspects of abstract reasoning, concept formation and concept 

identification.  Concept identification tasks provide feedback to confirm a solution that 

can be found within the problem (deductive reasoning), whereas concept formation tasks 

provide no such confirmation and the solution must be created by the individual 

(inductive reasoning).  Minshew and colleagues (2002) found that people with high-

functioning ASD had more difficulty with concept formation or solving problems by 

developing a novel solution, compared to concept identification or solving problems by 

choosing a solution from potential options.  This suggests that those with autism are able 

to learn rules and identify given features but struggle with the cognitive flexibility 

necessary for higher level abstract reasoning, such as forming representations to organize 

and understand complex information (Minshew et al., 2002). 

CHC Theory as a Context for Examining Cognitive Functioning 

Cattell-Horn-Carroll Theory Defined.  The Cattell-Horn-Carroll (CHC) theory 

is a well-established framework that identifies the various cognitive abilities that underlie 

intelligence (Kaufman & Kaufman, 2007).  This model can provide an organized method 

for measuring cognitive skills, including reasoning skills.  CHC theory outlines the 

various aspects of intelligence (broad abilities) across seven different domains, including 

fluid intelligence (Gf) and crystallized knowledge (Gc) (Flanagan, Ortiz, & Alfonso, 

2007).  Fluid intelligence (Gf) refers to abilities, such as abstract reasoning and problem 
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solving (McGrew & Flanagan, 1998).  More specifically, the narrow abilities 

conceptualized as facets of fluid intelligence (Gf), include general sequential reasoning 

(RG), induction (I), quantitative reasoning (RQ), and speed of reasoning (RE).  RG 

refers to taking a rule and applying it to a specific problem, while I involves identifying 

the rule underlying a given problem (deduction versus induction).  RQ refers to reasoning 

within the mathematical domain.  Finally, RE is how quickly one can problem solve 

(Flanagan, Ortiz, & Alfonso, 2007).  

Autism and CHC Theory – Limited Research.  The literature is quite sparse in 

the area of autism and CHC theory.  Only two doctoral dissertations (Hanzel, 2003; 

Iverson, 1997) were found that used CHC theory in measuring cognitive abilities in 

autism, but the results from these studies were inconsistent.  In one of these studies that 

investigated the abilities of crystallized intelligence (Gc), fluid intelligence (Gf), broad 

visualization (Gv), and auditory processing (Ga), children with autism performed higher 

than controls on measures of fluid intelligence, including selected subtests from the 

Differential Abilities Scales (DAS) and Matrix Analogies Test (Iverson, 1997).  

However, in another study of intellectual ability in children with autism using different 

combinations of test instruments, including the DAS, Leiter-R, and WISC-III, the autistic 

group scored lower than controls on all tests examining fluid intelligence (Gf) (Hanzel, 

2003).  Findings of the two studies likely differed because estimates of Gf were based on 

tests that only partially evaluated fluid intelligence abilities.  In other words, the studies 

measured only one or two narrow abilities within the Gf domain.  Therefore, as these 
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studies are the only ones to investigate cognitive functioning in ASD based on the CHC 

model, further research in this area is warranted. 

Imaging Techniques and Findings With ASD 

Brain Differences.  The literature is full of studies investigating structural, 

functional, and regional connectivity differences in the brains of those with autism 

spectrum disorders.  While discrepant findings are apparent, certain consistencies are also 

clear.  In terms of structural and volumetric differences, those with ASD often show 

atypical total brain volume, as well as cerebellar, prefrontal cortex, and corpus callosum 

volumes (Acosta & Pearl, 2004; Akshoomoff, Pierce, & Courchesne, 2002; Brambilla et 

al., 2003; Hrdlicka, 2008; Penn, 2006; Stanfield et al., 2008). 

 Overall, the cerebellum is the brain region most often cited as abnormal in those 

with ASD.  Often reductions in cerebellar volume are reported (Allen, 2010; Allen, 

Muller, & Courchesne, 2004; Hallahan et al., 2008).  This reduction is commonly linked 

to fewer Purkinje cells within the cerebellum (Allen, 2010; Allen et al., 2011).  The 

Purkinje cells influence communication between the cerebellum and the other regions of 

the brain. 

The Cerebellum and Cognitive Functions.  The cerebellum was once believed 

to only play a role in motor coordination.  However, more recent research has presented 

evidence for its role in many cognitive functions.  For example, Schmahmann and 

Sherman (1998) described a set of functions commonly affected in patients with 

cerebellar disorders that they termed “cerebellar cognitive affective syndrome”.  The 
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authors noted that these patients often displayed deficits in executive functioning, visual 

spatial skills, language abilities, and emotional functioning.   

 In functional brain imaging studies of neurotypical individuals, the cerebellum 

has been found to be active during reasoning tasks (Blackwood et al., 2004; Goel, 

Buchel, Frith, & Dolan, 2000; Kalbfleisch, Van Meter, & Zeffiro, 2007).  More 

specifically, the posterior region of the cerebellum has been implicated in tasks requiring 

reasoning and other higher order skills in both clinical and nonclinical samples 

(Gottwald, Wilde, Mihajlovic, & Mehdorn, 2004; Stoodley & Schmahmann, 2009). 

 In summary, the literature contains discrepancies in terms of brain differences in 

individuals with autism spectrum disorders.  However, the cerebellum is the most 

reported region affected and is often reduced in those with ASD.  The cerebellum plays a 

role in various cognitive functions, including reasoning (fluid intelligence).  The posterior 

lobe of the cerebellum is especially essential to higher order abilities. 

Shortcomings in the Literature 

 Overall, there is little consensus in the research about the intellectual functioning 

of those with ASD.  Further, studies neglect to examine individual cognitive domains 

(considered broad abilities under the CHC model) in their entirety.  This gap in the 

literature is important for the area of fluid reasoning in particular, as it relates to those 

with high-functioning autism spectrum disorders (HFASD).  Fortunately, research on 

CHC theory allows for a critical evaluation and detailed empirical investigation of 

cognitive abilities affected in ASD.  Determining more specific cognitive strengths and 
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weaknesses in autism is important as it may be used to predict outcomes and inform 

interventions. (Bolte, Dziobek, & Poustka, 2009).  

 In hopes of linking functional differences in ASD with neuroanatomical 

differences, imaging research has also been examined.  Some evidence exists for 

decreased cerebellar volume within this population, though further support of this finding 

would be advantageous.  The posterior cerebellum has been associated with executive 

functioning abilities, including reasoning, but few studies present volumetric data with 

neuropsychological data.   

 The ASD literature is lacking in a comprehensive investigation of fluid 

intelligence/reasoning with conjunctive examination of structural brain correlates.  This 

study seeks to further the research by delving into this important facet of intellectual 

ability often found to be deficient in ASD.  Further, the aim is to relate fluid intelligence 

to the brain region that is both a site of atypical development in autism spectrum 

disorders and an area believed to be vital to reasoning skills.  
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CHAPTER 2 

Method 

Participants 

 The participants included 21 males with high-functioning autism spectrum 

disorders (HFASDs) and 21 neurotypical (NT) males.  All participants were young adults 

ages 18-26.  The mean age for the HFASD group was 20.48 years and for the 

neurotypical group was 21.00 years.  Of the individuals in the HFASD group, 14 had a 

diagnosis of Asperger’s Disorder, 5 of autism, and 2 of PDD-NOS.  Those in the sample 

were from an ongoing larger study of brain structure and function in autism.  

Neurotypical control participants without a history of neurological, developmental, or 

psychiatric disorders were included.  HFASD participants were excluded if they had 

more serious psychopathology, including bipolar disorder or schizophrenia.  However, 

given the high comorbidity of autism with other conditions, several of those in HFASD 

group had additional psychological diagnoses.  Specifically, 7 had a history of ADHD, 8 

had experienced depression, 3 had OCD symptoms, and 1 had Social Anxiety Disorder.  

Any participant with significant alcohol abuse, drug abuse, or neurological problems was 

excluded.  In addition, those with contraindications for MRI scanning, such as surgical 

staples or cardiac pacemakers, were excluded.  

Instrumentation 

 Among other measures included in the larger study, participants were 

administered autism diagnostic measures, an intelligence assessment, and subtests 
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determined to measure the various narrow abilities within the fluid intelligence domain.  

In addition, all participants underwent structural brain imaging.    

Autism Measures. 

Social Communication Questionnaire (SCQ).  The SCQ, published in 2003, is a 

40-item yes/no screening questionnaire for symptoms of autism.  The parent or caregiver 

is asked to complete the measure, which takes approximately 10 minutes.  There are two 

forms of the measure; one examines the current functioning of the patient and the other 

focuses on the entire developmental history of the patient.  The questionnaire is intended 

for use with individuals with a mental and chronological age of 2 years or older and 

focuses on the core symptoms of ASD.  A total score is obtained following completion.  

A score of 15 or greater indicates potential ASD and need for a full diagnostic assessment 

(Rutter, Bailey, & Lord, 2003).     

 The SCQ was developed as a screening measure and is not intended as a 

diagnostic instrument.  A sample of 200 individuals with ASD was used to standardize 

the SCQ.  Internal consistency of the measure ranges from alpha levels of .71 to .93, 

indicating good reliability.  In validation studies, it was found that the SCQ Total Score 

provides the best diagnostic differentiation (AOC = .90) compared to individual domain 

scores.  The AOC is an index of a test’s accuracy in discriminating between groups and 

ranges from zero to one (Skuse, Mandy, & Scourfield, 2005).  Sensitivity scores related 

to differentiation between those with autism and those without autism range from .88 to 

.90, indicating high sensitivity (Chandler et al., 2007; Eaves, Wingert, Ho, & Mickelson, 

2006; Rutter, Bailey, & Lord, 2003).   
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 Autism Diagnostic Interview – Revised (ADI-R).  The ADI-R is a clinical 

interview taking 1.5 to 2.5 hours for use in the diagnosing of autism.  This interview 

takes place between a trained ADI-R interviewer and a parent or caregiver familiar with 

the patient’s developmental history.  The patient can be any age from two years or older 

and is not present for the interview.  The ADI-R consists of 93 items and is scored using 

one of five given algorithms.  The interview focuses on the areas of functioning affected 

in autism, including language, social interactions, and repetitive or stereotyped behavior.  

If the ADI-R is being used for research purposes, the user must attend an approved 

training program and prove competence in administration (Rutter, Le Couteur, & Lord, 

2005).   

 The ADI was originally published in 1989 and proved high in interrater 

reliability.  The ADI-R was published in 1994.  Interrater reliability studies have shown 

that most items have kappa values of .70 or above, while test-retest reliability studies 

have found coefficients of .82 or above, indicating good reliability.  Validity studies have 

indicated that the ADI-R algorithm is good at differentiating diagnostic groups (Rutter et 

al., 2005),  

 Autism Diagnostic Observation Schedule (ADOS).  The ADOS is a semi-

structured interview designed to assess individuals with possible autism spectrum 

disorders.  The interview includes evaluation of communication, social skills, and play 

and takes 30 to 45 minutes to complete.  The ADOS includes four modules; one is chosen 

and administered based on the patient’s age and communication level.  While notes are 

taken during administration, ratings are given following completion of the interview.  
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Overall, the ADOS aims to provide the user with stimuli in order to observe a patient’s 

social and communication abilities (Lord, Rutter, DiLavore, & Risi, 2003).   

 The current form of the ADOS was published in 2003 and is the result of 

combining: the Pre-Linguistic Autism Diagnostic Observation Scale (PL-ADOS) and the 

earlier version of the ADOS published in 1989.  Interrater reliability for all four modules 

was above a kappa value of .80, indicating acceptable reliability.  The modules of the 

ADOS showed high specificity and sensitivities to differentiating diagnostic groups (Lord 

et al., 2003). 

Intelligence Measure. 

 Wechsler Abbreviated Scale of Intelligence (WASI).  The WASI is a brief 

measure used to estimate intellectual abilities.  It is composed of four subtests, two 

comprising the Verbal IQ (Vocabulary and Similarities) and two comprising the 

Performance IQ (Block Design and Matrix Reasoning).  Scores from the subtests are 

combined to form a Full Scale IQ.  The test is intended for ages 6-89 years of age.  The 

normative data is based on a sample of 2,245 children and adults.  The reliability 

coefficients range from .84-98 for adults and .81-.97 for children.  Strong content and 

construct validity were reported (Psychological Corp., 1999).      

Tests of Fluid Intelligence. 

 Woodcock Johnson III - Tests of Cognitive Abilities and Tests of Achievement 

(WJ III COG and WJ III ACH).  The WJ III is an individually administered test that 

includes two batteries, one measuring cognitive abilities and one measuring academic 

abilities.  The test is based on CHC theory and measures comprehension-knowledge 
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(Gc), long-term retrieval (Glr), visual-spatial thinking (Gv), auditory processing (Ga), 

fluid reasoning (Gf), processing speed (Gs), and short-term memory (Gsm), all broad 

abilities defined in the CHC theoretical framework.  The WJ III is intended for ages 2 

through 90 years of age and includes both age and grade equivalents from kindergarten 

through 13 years of education.  A computer-scoring program is provided is reduce errors 

that often occur in hand scoring (McGrew & Woodcock, 2001). 

 The WJ III norming sample consisted of 8,818 participants.  The WJ III COG and 

WJ III ACH were co-normed.  Norms are included for the entire age range, as well as 

separate college/university norms.  Additionally, extensive reliability and validity studies 

have been conducted on the WJ III.  Reliability estimates are .80 or greater, suggesting 

strong reliability.  In terms of validity, the WJ III correlated highly with similar measures 

of intelligence with correlations in the .70 range, at an acceptable level (McGrew & 

Woodcock, 2001). 

 Specific subtests of the WJ III measuring the narrow abilities within the Gf broad 

factor were used in the present study.  These include Quantitative Concepts measuring 

quantitative reasoning (RQ), Analysis-Synthesis measuring general sequential reasoning 

(RG), Concept Formation measuring induction (I), and Decision Speed measuring speed 

of reasoning (RE).  The Quantitative Concepts subtest is broken into two parts – A and 

B, with Part A examining mathematics knowledge and Part B examining reasoning.  

Therefore, Part B was included in this investigation.  Descriptions of these WJ III 

subtests are below in Table 2 (Flanagan et al., 2007).   
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Table 1   
Subtests of the WJ III used in present study  
________________________________________________________________________     
WJ III Subtest     Description 
________________________________________________________________________ 
Quantitative Concepts (WJ ACH) Ability to understand mathematical concepts and 
     apply to reasoning problems. 
 
Analysis-Synthesis (WJ COG) Deductive reasoning ability; solve a problem based  
     on given rule.  
 
Concept Formation (WJ COG) Inductive reasoning ability; identify a rule that  
     underlies a problem.  
 
Decision Speed (WJ COG)  Ability to solve conceptual problems in a timely  
     manner . 
________________________________________________________________________ 
Note. From Essentials of Cross-Battery Assessment, Second Edition (p. 314-318), by 
D.P. Flanagan, S.O. Ortiz, and V.C. Alfonso, Hoboken, NJ: John Wiley & Sons, Inc.  
 
 To further support the claim that the WJ III measures CHC abilities, Schrank, 

McGrew, and Woodcock reviewed the validity of the instrument (2001).  In terms of 

content validity, the authors stated, “To ensure that all items in a test measured the same 

narrow ability or trait, stringent fit criteria based on the Rasch model were employed 

during the process of item selection.”  Construct validity was ensured through 

confirmatory factor analysis studies, and findings support the assertion that each subtest 

measures a specific ability.  Research has also been conducted in the form of cross-

battery confirmatory factor analysis, which simultaneously examines subtests from 

different intelligence measures (e.g., WJ III and WISC-III).  Results of these studies 

support that the WJ III in fact measures the factors of CHC theory (Keith & Reynolds, 

2010).  Additionally, Taub and McGrew (2004) provide support for the invariance of the 

factor structure of the WJ III subtests across ages 6 through 90 years.    
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Procedure 

Approval by Human Participants Committee.  This study was conducted 

within the Department of Educational Psychology within guidelines of the University of 

Texas at Austin, as well as the ethical standards of research set forth by the American 

Psychological Association.  All research materials were approved by the Departmental 

Review Board within the Department of Educational Psychology and by the Institutional 

Review Board of the University of Texas at Austin. 

Power Analysis.  A power analysis was run using the G*Power version 3.0.10 

program.  An analysis was run separately for each type of analysis proposed (MANOVA, 

Independent Groups t Test, and Pearson Correlation) to determine the greatest number of 

participants needed.  For a MANOVA comparing 2 groups (with a medium effect size of 

.25, an alpha level of .05, and a power level of .80) 54 participants were necessary.  

However, with 42 subjects, post hoc analysis reported a power level of .67.  Fifty-two 

participants were needed to conduct an independent groups t-test comparing dependent 

means (with a medium effect size of .7, an alpha level of .05, and a power level of .80).  

A power level of .72 was found for 42 subjects in the post hoc analysis.  Finally, a 

Pearson correlation comparing two variables (with a medium effect size of .35, an alpha 

level of .05, and a power level of .80) requires 46 participants.  With 42 subjects, a power 

level of .77 was found in post hoc analysis. 

Recruitment of Participants.  Participants in the larger study were recruited 

through autism websites, support groups, and local community agencies affiliated with 

the University of Texas.  Neurotypical control participants were recruited through 
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newspaper advertisements, bulletin board postings, and UT websites throughout central 

Texas.  Interested participants contacted the investigator’s research laboratory.  The 

investigator is a faculty member in the program of School Psychology within the 

Educational Psychology Department at The University of Texas.   

 Potential participants were administered a short telephone screening interview by 

trained graduate students to determine whether they qualified to participate.  Both those 

with HFASD and neurotypical controls were administered a set of medical questions to 

document any medical conditions, psychiatric illnesses, and current medications.  Those 

with autism provided a parent’s name and contact information.  This parent answered 

questions from the Social Communication Questionnaire (SCQ).  Those scoring at 15 or 

above were considered as highly probable of having an autism spectrum diagnosis.   

Following the passage of the telephone screening, the parent was invited to meet 

with a study psychologist.  A study psychologist administered the Autism Diagnostic 

Interview – Revised (ADI-R) to the parent.  This semi-structured interview covers the 

symptom areas of autism, including communication, patterns of behavior, and social 

interaction.  In addition, the psychologist administered the Autism Diagnostic 

Observation Schedule (ADOS) to the participant.  This semi-structured assessment 

involves evoking behavior, language, and interaction relevant to autistic symptoms.  

Those confirmed to have an autism spectrum disorder were included in the study.  

However, a categorical diagnosis (e.g., Asperger’s Disorder) was not given.   

 The study was restricted to males due to the higher incidence of diagnosis 

compared to females; the CDC (2012) estimates that ASD affects one in 54 boys 
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compared to one in 252 girls.	  	  The participants had to obtain an IQ score of 85 or greater 

at their initial study appointment to be considered high-functioning and included in the 

sample.  Exclusionary criteria included participants who are not fluent in English.  

Neurotypical control participants were excluded if they met criteria for any 

developmental disability, emotional disturbance, or other handicapping condition that 

would interfere with the validity of study data. 

Collection of Data.  Once consent was obtained, participants were scheduled for 

an appointment for testing.  They were invited to the Department of Educational 

Psychology at the University of Texas at Austin for the assessment.  Participants were 

administered selected subtests from the WJ III – Tests of Cognitive Abilities and Tests of 

Achievement, among the larger study’s neuropsychological test battery.  Trained doctoral 

students in the autism research lab administered the tests individually to participants in 

one session.  Those measures included in the current study took approximately 30 

minutes to complete.  The WJ III protocols were scored using the WJ III Compuscore and 

Profiles program (Schrank & Woodcock, 2001).   

 In a separate appointment, participants underwent magnetic resonance imaging at 

the university’s Imaging Research Center (IRC).  Prior to the scan, participants 

completed a screening questionnaire as a safety precaution to ensure that they did not 

have any medical condition or metallic implant that could cause potential harm in the 

presence of the MRI magnet.  Participants were provided with hospital scrubs to ensure 

that they were not wearing any metal objects.  They were given earplugs to wear to 

decrease the noise level during scanning.  Participants were instructed to lie on the table, 



	  

18 

which was slid into the scanner so that the head and upper body were inside the magnet.  

Scanning required participants to lie still for approximately 45 minutes.  Operation of the 

MRI scanner was performed by IRC-approved personnel. 

Data Acquisition of Magnetic Resonance Images.  Images were acquired on a 3 

Tesla GE scanner.  Three-dimensional high-resolution images of the cerebellum were 

acquired (echo time [TE]  = Min Full; Prep Time = 450; flip angle = 15; BW = 7.81; Freq 

= 268; Phase = 268; Locs/Slab = 152; NEX = 1; Freq Dir = S/I; Scan plane = Coronal; 

field of view [FOV] = 16 cm; slice thickness = 0.6) for use in tracing of the whole 

cerebellum and cerebellar sub-regions.  A whole-brain high-resolution scan (TE = Min; 

Prep Time = 500; flip angle = 11; BW = 50; Freq = 256; Phase = 192; Locs/Slab = 176; 

NEX = 1; Freq Dir = S/I; Scan plane = Sagittal; FOV = 25.6 cm; slice thickness = 1.0) 

was also acquired for use in measuring intracranial volume.  

 MRI Analysis.  In order to assess volumetric differences in brain matter, analysis 

of the MRI structural data was conducted.  This involved several steps including 

calculating intracranial volumes, isolating and quantifying posterior cerebellar volumes, 

and segmenting gray and white matter within the posterior cerebellum.  

Measurement of Intracranial Volume.  To control for differences in overall brain 

size, intracranial volume (ICV) was calculated for each participant.  An MRI technician 

from the Imaging Research Center obtained the ICV volumes using the FreeSurfer 

software application.  FreeSurfer utilizes a method based on the atlas-based normalization 

procedure outlined by Buckner and colleagues (2004).  This procedure uses an atlas 

template, and participants’ brain images were transformed to that atlas.  The skull and 
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extracranial matter were removed through thresholding and tracing techniques.  Finally, a 

semi-automated quantification tool within FreeSurfer was employed to obtain ICV 

volumes in cubic millimeters. 

Measurement of Posterior Cerebellar Region.  Analysis was conducted using the 

Analyze Software System developed by the Biomedical Imaging Research lab at the 

Mayo Clinic (Mayo Clinic, 2011).  High-resolution T1-weighted images of the brain 

were used for manual tracing.  The cerebellum was traced using the Region of Interest 

(ROI) module in Analyze.  Cerebellar atlases served as guides for tracing (Schmahmann, 

Doyon, Toga, Evans, & Petrides, 2000).  The posterior region of the cerebellum was 

isolated for purposes of this study.  The anterior region is composed of lobules I-V, while 

the posterior region is composed of lobules VI-X (see Appendix D).  The segmentation 

process generally followed procedures reported in the literature (Allen et al., 2004; 

Pierson et al., 2002).     

To determine posterior volume, first the primary fissure was manually traced slice 

by slice in the sagittal view in order to delineate the anterior and posterior regions of the 

cerebellum.  Coronal and axial views were utilized to check accuracy of traces.  Next, the 

posterior area was manually traced on every fifth slice in the sagittal plane.  This was 

followed by automated propagation of the remaining slices.  Finally, parcellation of the 

white matter was conducted through both automated means and manual correction.  

Volumes in cubic millimeters were calculated for both gray and white matter in the 

posterior region.  The volume of the total posterior region was also calculated.   
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Research Questions, Hypotheses, and Data Analysis 

Individuals with high-functioning autism spectrum disorders exhibit varying 

intellectual functioning patterns.  It was expected that they would demonstrate specific 

patterns of abilities within the domain of fluid intelligence, an area affected in ASD.  

Expectations were based on research findings of performance on tests of related skills.  

Additionally, those with HFASD were expected to have smaller posterior cerebellar 

regions than controls.  Finally, a positive relationship was expected between fluid 

intelligence and cerebellar size, based on literature in this area. 

Research Question 1.  Do young adult males with HFASD compared to 

neurotypical control participants exhibit a distinct pattern of strengths and weaknesses on 

tests that examine the narrow abilities of fluid intelligence (Gf), including general 

sequential reasoning (RG), induction (I), quantitative reasoning (RQ), and speed of 

reasoning (RE)? 

 Hypothesis 1a.  Individuals with HFASD compared to neurotypical individuals 

have weaker general sequential reasoning (RG) abilities, as measured by the WJ III 

Analysis-Synthesis subtest. 

 Hypothesis 1b.   Individuals with HFASD compared to neurotypical individuals 

have weaker induction (I) abilities, as measured by the WJ III Concept Formation subtest.  

 Hypothesis 1c.  Individuals with HFASD as compared to neurotypical individuals 

have weaker speed of reasoning (RE) abilities, as measured by the WJ III Decision Speed 

subtest. 
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 Hypothesis 1d.  Individuals with HFASD as compared to neurotypical individuals 

have similar quantitative reasoning (RQ) skill levels, as measured by the WJ III 

Quantitative Concepts subtest.  Specifically, Part B of this subtest examines this skill. 

 To test the above hypotheses, a multivariate analysis of variance (MANOVA) test 

was conducted to examine performance differences between the HFASD and control 

groups on the narrow ability tests (RQ, RG, I, and RE).  Therefore, the independent 

variable was group, while the dependent variables were the four scores on subtests of 

fluid intelligence.  Because conducting four separate one-way analyses of variance would 

increase the probability of making a Type I error, a MANOVA was chosen.  This test 

determined whether the groups had different population means on the four measures, 

considered simultaneously.  As there was a single independent variable (group) with only 

two levels (HFASD and Control), the specific type of multivariate analysis utilized was 

the Hotelling T Squared test.  It was expected that the main effect of group membership 

would be statistically significant (a significant F ratio), meaning that a significant 

difference in performance existed between the HFASD and control groups in test 

performance on at least one of the WJ III subtests.  Further, between-subject effects were 

expected on the subtests of Concept Formation, Analysis-Synthesis, and Decision Speed. 

 In addition, a MANCOVA was run to examine the two groups performance on 

subtests of fluid intelligence, while including the covariate of Block Design from the 

WASI.  Many studies of autism discuss the issue of controlling for IQ (Allen, 2005).  

Due to the language delays that are inherent in those with high-functioning autism, often 

the Performance IQ is included as a covariate in analyses.  The Performance IQ score 
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from the WASI is comprised of the scores from the subtests of Block Design and Matrix 

Reasoning, with the latter being a measure of inductive reasoning.  In the current study, 

the focus is on reasoning differences; therefore, choosing a score from cognitive testing 

to use as a covariate was problematic.  It was decided that Block Design would be 

utilized, as it was free from reliance on verbal skills and theoretically distinct from the 

reasoning factor under investigation.  It was expected that Block Design (as an estimate 

of IQ) would not significantly influence the dependent variables or scores on the WJ III 

subtests.  The groups were expected to differ in their performance on Concept Formation, 

Analysis-Synthesis, and Decision Speed, regardless of Block Design score. 

Research Question 2.  Do young adult males with HFASD show volumetric 

differences in posterior regions of the cerebellum? 

 Hypothesis 2.  Individuals with HFASD have reduced posterior cerebellar 

volumes compared to neurotypical individuals.  Specifically, gray matter volumes were 

expected to be reduced. 

An independent groups t-test was conducted to compare the difference in gray 

matter volume between the HFASD and neurotypical groups.  Results of the t-test were 

expected to show that a significant mean difference existed between the groups.  Further 

it was anticipated that the HFASD group would have reduced gray matter volume of the 

posterior cerebellar region. 

In order to control for differences that might be related to overall brain volume, a 

separate independent groups t-test was run utilizing a ratio of gray matter to intracranial 
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volume.  Again, it was expected that the HFASD group would have smaller posterior 

cerebellar volumes. 

Research Question 3.  Is there a relationship between performance on measures 

of fluid intelligence (Gf) and volume of posterior cerebellar regions?  More specifically, 

does performance on narrow ability tasks of Gf relate to posterior cerebellar volume? 

 Hypothesis 3. A significant positive correlation would exist between the standard 

score of fluid reasoning (Gf) and the volumetric quantity of the posterior cerebellum.  

Further, exploratory analysis would determine correlations between individual narrow 

ability scores and posterior volume.   

 A Pearson correlation was derived in order to compare performance on the tests 

of Gf represented by a standard summary score and gray matter volume of the posterior 

cerebellum region.  The two groups were combined for this analysis, as this relationship 

was expected regardless of diagnosis.  A significant positive correlation was expected 

between Gf and cerebellar volume.  Further, correlations between posterior volume and 

individual scores from the WJ III subtests were calculated. 
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CHAPTER 3 

Results 

Preliminary Analysis 

 All analyses were performed using PASW Statistics GradPack 17.0.  To assess 

normality of the variables, descriptive statistics were conducted and examined.  The mean 

and 5% trimmed mean were compared for all scores on each of the WJ III subtests, 

Concept Formation, Analysis-Synthesis, Decision Speed, and Quantitative Reasoning as 

well as on Block Design from the WASI.  No notable differences were found.  However, 

the Kolmogorov-Smirnov statistic for all variables was significant, indicating a violation 

of normality.  Additionally, multivariate normality was assessed using Mahalanobis 

distances.  Results suggested that at least one multivariate outlier existed.  Upon further 

examination, only one subject exceeded the critical value (subject 1030 = 21.35, critical 

value = 18.47).  

 In Table 3 below, the means and standard deviations of WJ III and Block Design 

subtests for the sample as a whole are reported.  Raw scores for the WJ III were utilized 

in the analyses, as a standard score for Quantitative Concepts Part B cannot be obtained 

on its own.  Therefore, raw scores for all subtests were included for comparison purposes.  

Skewness and kurtosis values are also reported below.  All variables have negative 

skewness values, indicating that scores tended to cluster at the high end of the 

distribution rather than having a more symmetrical distribution.  Kurtosis values range 

for the variables, with Analysis-Synthesis having a particularly high positive value. 
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Table 2 
Descriptive Statistics          
________________________________________________________________________ 
Measure       Mean    Skewness  Kurtosis 

(Standard Deviation)        (Standard Error)        (Standard Error) 
________________________________________________________________________ 
 
WJ III Concept Formation  35.41   -1.926   3.420   
    (6.281)   (.369)   (.724) 
 
WJ III Analysis-Synthesis 29.59   -2.591   8.719 
    (4.610)   (.369)   (.724) 
 
WJ III Decision Speed 35.88   -1.156   .574  
    (4.702)   (.369)   (.724) 
 
WJ III Quantitative Concepts 18.49   -.638   -.099 
 Part B   (2.235)   (.378)   (.741) 
 
WASI Block Design  62.39   -.798   -5.84 
              (5.949)   (.369)   (.724) 
________________________________________________________________________ 
Note. Above statistics are for total sample with groups collapsed 

 A matrix of scatterplots was generated to assess for linearity.  In comparing the 

groups on the dependent variables, it appears that there is more variability in the HFASD 

group compared to the controls. 

 To check for multicollinearity, correlations between the dependent variables (WJ 

III subtest scores) were computed.  These correlations ranged from .046 to .751, and none 

were exceptionally large (Pallant, 2007). 

 Box’s M Test of Equality of Covariance matrices indicated an F of 3.110 and 

significance of .001.  Therefore, the data violates the assumption of homogeneity of 

variance-covariance. 
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 With these limitations in mind, the analyses were performed to investigate the 

proposed hypotheses. 

Main Analyses 

Hypothesis 1.  A one-way between-groups multivariate analysis of variance 

(MANOVA) was performed to examine differences in four aspects of reasoning between 

those with HFASD and controls.  The MANOVA included four dependent variables 

(scores from Concept Formation, Analysis-Synthesis, Decision Speed, and Quantitative 

Concepts – Part B) and one independent variable (group membership – HFASD or 

control).  Results of the multivariate test was significant, F = 3.964, p = .01; Pillai’s 

Trace = .318; partial eta squared = .318.  Further, results for the dependent variables 

considered separately revealed that Decision Speed reached significance (F = 5.55, p = 

.02) while Analysis-Synthesis approached significance (F = 3.53, p = .06).  Those with 

HFASD scored lower than controls on these measures, as presented in Table 4 below. 

Table 3 
Performance on Measures of Fluid Reasoning (Gf)          
________________________________________________________________________ 
   WJ III Subtest       Group   Mean (Standard Deviation) 
________________________________________________________________________ 
 
Concept Formation (I)  HFASD  34.16 (8.37) 
     Control  36.55 (3.47)  
 
Analysis-Synthesis (RG)  HFASD  28.26 (6.00) 
     Control  30.95 (2.14) 
 
Decision Speed (RE)   HFASD  34.21 (5.37) 
     Control  37.55 (3.28) 
 
Quantitative Concepts (RQ)  HFASD  18.89 (2.21) 
 Part B    Control  18.10 (2.25)   
Note. Above scores are raw score means and standard deviations 



	  

27 

 Further investigation was conducted using a one-way multivariate analysis of 

covariance (MANCOVA) to examine differences between groups in performance on tests 

of reasoning while controlling for cognitive ability.  An estimate of cognitive ability, 

Block Design from the WASI, was included as a covariate.  Results of the MANCOVA 

indicate that a statistically significant difference between the HFASD and control groups 

on Decision Speed performance when controlling for Block Design score (F = 5.83, p = 

.02).  In examining the influence of Block Design score, a significant relation exists 

between the covariate and performance on Quantitative Concepts (F = 5.92, p = .02).  

Hypothesis 2.  An independent groups t-test was conducted to compare posterior 

gray matter volumes for the HFASD group and control group.  Levene’s test for equality 

of variances provided a significance value of .85, indicating that the assumption of equal 

variance was upheld.  There was no significant difference between the groups, however (t 

= 1.24, p = .22).  An additional t-test was utilized to examine posterior gray matter 

volume in relation to intracranial volume (ICV) by including the ratio of gray matter/ICV 

as a variable.  This variable was compared between groups.  A similar nonsignificant 

finding resulted from this secondary t-test (t = -.46, p = .65), so no difference was found 

between groups when factoring in ICV. 

Hypothesis 3.  Pearson product-moment coefficients were calculated to examine 

the relationship between posterior gray matter volume and the fluid reasoning (Gf) 

summary score.  Correlations were calculated for scores on the individual WJ III subtests 

and posterior gray matter volume, as well.  No significant relationships were found across 

these results (See Table 5; See Appendix E for scatterplots). 



	  

28 

Table 4 

Correlations Between Gray Matter Volume and WJ III Performance          
________________________________________________________________________ 
WJ III Composite/Subtest  Posterior GM            GM/ICV 
 
 
Gf Summary Score 
 Pearson Correlation  .011   -.028 
 Sig.    .946   .864 
 
Concept Formation 

Pearson Correlation  -.071   -.138 
 Sig.    .663   .391 
 
Analysis-Synthesis 

Pearson Correlation  .014   .089 
 Sig.    .931   .581 
 
Decision Speed 

Pearson Correlation  -.130   .038 
 Sig.    .425   .813 
 
Quantitative Concepts - Part B  
 Pearson Correlation  .291   .131 
 Sig.    .076   .426 
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CHAPTER 4 

Discussion 

The aim of the current study was to examine the reasoning deficit commonly 

reported in ASD in order to provide some clarification of the aspects of reasoning 

affected.  Toward this end, further investigation was undertaken in the area of fluid 

intelligence or reasoning within a sample of young males with HFASD and neurotypical 

controls.  CHC theory was chosen as a theoretical framework to dissect the complex 

construct that is fluid intelligence into smaller cognitive skills (deductive reasoning, 

inductive reasoning, math reasoning, and reasoning speed) in order to identify a more 

specific pattern of strengths and weaknesses within this domain (Flanagan, Ortiz, & 

Alfonso, 2007).   

A secondary study aim was to investigate cerebellar structure in ASD.  Structural 

imaging data of the posterior cerebellum were collected and analyzed to determine 

volume of the region.  By comparing cerebellar volumetric measurements between 

groups, this study sought to replicate previous findings of reduced posterior volume in 

ASD.   

Lastly, the relationship between reasoning performance and posterior cerebellar 

volume was examined.  A positive correlation was anticipated, based on the posterior 

cerebellum’s perceived role in executive functioning.   

Fluid Reasoning – HFASD versus Controls 

 Abstract reasoning is among the executive functioning deficits that have been 

reported in the autism literature (Kuschner et al., 2007; Meyer & Minshew, 2002; 
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Semrud-Clikeman et al., 2010).  However, results have been inconsistent, likely due to 

differences in measurement instruments, definitions of constructs, and ASD diagnostic 

categorizations among studies.  Additionally, individuals with ASD are a highly 

heterogeneous population, so samples can be varied both within and across studies.  In 

order to more carefully and comprehensively assess the domain of reasoning in HFASD, 

investigation of the cognitive components that comprise fluid intelligence/reasoning is 

necessary.  In this way, the individual processes that may be affected could be measured 

in hopes that the specific breakdowns in reasoning would emerge.  Participants were 

restricted to males within a small age range considered to be high-functioning, in order to 

limit variance within the sample. 

 This study sought to examine potential differences between young adult males 

with high-functioning autism spectrum disorders compared to neurotypical males on 

distinct aspects of fluid intelligence (Gf), as defined by CHC theory.  CHC theory 

provides an in depth breakdown of cognitive abilities into general domains and the more 

individual skills that constitute each domain (Flanagan et al., 2007).  Those with HFASD 

were expected to perform below controls on the narrow abilities of induction (I), general 

sequential reasoning (RG), and speed of reasoning (RE).  However, differences were not 

expected between quantitative reasoning (RQ) scores.  In other words, it was expected 

that deficits would be found in inductive and deductive reasoning, as well as efficiency of 

the reasoning process, within the HFASD sample.  Mathematical reasoning was not 

anticipated to be compromised, however. 
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 Results of analyses supported the hypothesis that differences in reasoning exist 

between HFASD and control groups.  Specifically, speed of reasoning (RE) was 

significantly lower for those with HFASD than for controls.  In addition, a trend was 

found that suggested individuals with HFASD had poorer performance in general 

sequential reasoning (RG), or deductive reasoning.  However, no significant difference 

between groups was found for induction (I), though lower scores were obtained.  As 

predicted, quantitative reasoning (RQ) performance was similar for HFASD and 

neurotypical individuals.  These findings were similar when a measure of cognitive 

ability (Block Design) was used as a control variable or covariate.  Overall, the HFASD 

group did perform below controls on all measures except quantitative reasoning.  This 

general pattern of performance is consistent with study predictions.  

 A deficit in speed of reasoning is consistent with the literature examining 

processing speed in ASD.  Several researchers have found processing speed weaknesses 

in those with autism spectrum disorders (Kanai et al., 2012; Mayes & Calhoun, 2008).  It 

should be noted that those HFASD individuals with a comorbid diagnosis of ADHD did 

not score differently than those without ADHD on the speed of reasoning task.  

Therefore, the performance difference could not be attributed to symptoms of an attention 

disorder.   

Similar to the trend in the current study, individuals with ASD have been found to 

have poorer performance on tasks of deductive reasoning (Allen, Lincoln, & Kaufman, 

1991; Semrud-Clikeman, 2010).  In addition, the present findings provide further support 
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that no weakness in mathematical skills, such as math reasoning, exists in ASD (Mayes & 

Calhoun, 2008; Siegel, Minshew, & Goldstein, 1996). 

 The current study failed to replicate previous findings of significant inductive 

reasoning deficits in those with ASD (Kuschner, Bennetto, & Yost, 2007; Minshew, 

Meyer, & Goldstein, 2002), though the HFASD group did perform below controls on this 

task.  Other researchers similarly found no significant differences between ASD and 

control groups on a task assessing this construct (Dawson et al., 2007; Morsanyi & 

Holyoak, 2010).  In careful examination of these cited reports, differences exist across 

studies in diagnostic methods, age of participants, sample sizes, and measures of 

reasoning.   

Methodology was compared between the studies that support the current results of 

no induction weakness in HFASD and those that stand in contrast.  For example, in the 

studies producing similar results to the current study, one included high-functioning 

children 11-16 years old with a language delay and used the DSM-IV for diagnosis 

(Morsanyi & Holyoak, 2010), while the other included low- and high-functioning 

children and adults and used the ADOS and ADI-R for diagnosis (Dawson et al., 2007).  

However, both of these research groups employed the Raven’s Progressive Matrices to 

measure inductive reasoning.  However, the studies reporting inductive reasoning deficits 

include one with a sample of individuals with HFA 12 years of age and older who were 

diagnosed using the ADOS and ADI-R (Minshew, Meyer, & Goldstein, 2002) and one 

with a sample of preschoolers with ASD who were diagnosed using the DSM-IV and 

SCQ (Kuschner, Bennetto, & Yost, 2007).  Measures of inductive reasoning ranged from 
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the Leiter International Performance Scale to the Category Test and Trail Making Test.  It 

becomes difficult to compare research results and draw definitive conclusions when so 

many factors vary from one study to the next.  These important methodological 

differences will be necessary to address in further investigations in order to determine 

whether inductive reasoning is a true weakness in the HFASD population.       

Posterior Cerebellar Volume 

 Research on volumetrics in ASD provides evidence of global and regional brain 

differences.  Specifically, the cerebellum is the most consistent structural atypicality 

(Allen, 2010).  Decreased cerebellar volume in those with ASD has often been reported, 

with increased white matter and reduced gray matter (Akshoomoff, Pierce, & 

Courchesne, 2002; Hallahan et al., 2008).   

 It was expected that those with HFASD would show decreased volumes of the 

cerebellum compared to neurotypical individuals.  However in the current study, no 

difference was found between groups on measures of cerebellar volume, including 

investigations of isolated posterior cerebellum volume or gray and white matter volumes.  

Controlling for intracranial volume did not affect this finding. 

 In comparison to previous reports, the present study did not confirm previous 

findings of reduced cerebellar volumes in those with ASD (Carper & Courchesne, 2000; 

Hallahan et al., 2008).  Further differences were not found for posterior cerebellar volume 

nor for gray matter volume, such as those reported by others (Courchesne et al., 2001; 

Stanfield et al., 2008).   
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 However, the ASD literature does include a few studies that report no differences 

in the cerebellum, consistent with current findings.  For example, Cleavinger and 

colleagues (2008) found no significant cerebellar reduction in an ASD sample.  Another 

study found that controlling for variables such as IQ resulted in comparable cerebellar 

measurements between ASD and control groups (Piven et al., 1992).  The present study 

included a sample of individuals with HFASD and neurotypical controls who were 

matched in the larger ongoing project on WASI IQ scores within 5 points of one another.  

It may be that this type of matching served to negate the potential cerebellar differences 

that may emerge between groups if IQs were allowed to vary.  

Another potential reason for discrepant findings among studies may be related to 

imaging analysis differences.  For example, some researchers utilized voxel-based 

morphometry (VBM) methods while others utilized calculations of mid-sagittal area to 

determine structural disparities in ASD.  In comparison, volumetric measurement in this 

study was determined via manual tracing and semi-automated tissue segmentation 

methods, which may be affected by human error.  Additionally, studies were noted to 

vary in terms of the focus of measurement (e.g., vermis lobules VI-VII only versus total 

cerebellar volume).  Further analysis of the cerebellum at the lobular level may serve to 

uncover more specific differences that were not discovered in the present study that 

examined the posterior cerebellum as a whole.  Differences in study design and imaging 

techniques likely contribute to the discrepancy in findings within the literature and should 

be kept in mind before undertaking additional research in this area.   
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Relationship of Volume to Reasoning Performance 

 Studies have documented the relationship of brain structure and function, 

specifically in reference to the cerebellum.  In patients with cerebellar lesions, common 

symptoms including executive functioning deficits, personality changes, and language 

problems have been termed “Cerebellar Cognitive Affective Syndrome” (Schmahmann & 

Sherman, 1998).  Allen and Courchesne (2003) found that the volume of the cerebellar 

hemispheres was significantly related to the amount of activation in that same region 

during an attention task.  A positive correlation between performance IQ and cerebellar 

volume has also been reported (Cleavinger et al., 2008).  In addition, Blackwood and 

colleagues (2004) found activation in areas of the posterior cerebellum during a reasoning 

task. 

 The current study did not find a significant relationship between posterior 

cerebellum volume and performance on measures of fluid intelligence.  It may be that 

further segmentation of the cerebellum is necessary to identify structural-functional 

relationships.  For example, it would likely be beneficial to investigate the posterior 

cerebellum by analyzing smaller subregions, such as the volume of the vermis, as well as 

the individual lobules.  Two research groups report activation during reasoning tasks 

specifically in the left cerebellar hemisphere (Blackwood et al., 2004; Kalbfleisch, Van 

Meter, & Zeffiro, 2007).  These findings highlight the need for more specific 

investigations into the cerebellum’s role in tasks of fluid intelligence through imaging 

techniques employing both structural and functional components.      
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Limitations 

 The present study aimed to provide further understanding regarding reasoning in 

HFASD and brain correlates that may be related to this facet of cognitive functioning.  

However, results should be considered with certain limitations in mind. 

 Firstly, methodological issues related to the study sample are acknowledged.  The 

present sample was limited to male participants within a relatively small age range (18-26 

years).  Many of the individuals, both HFASD and neurotypical controls, were college 

students, which may skew the sample in different ways.  All participants had IQ’s of 85 

or higher, which limits the focus of the current study to a small subset of individuals on 

the spectrum, as most have lower cognitive abilities.  Since the participants were 

volunteers from the community and not from a large pool of individuals seeking care 

within a medical or therapeutic clinic, as in many studies, there may be certain 

characteristics unique to this self-selected group.  Given these factors, the generalizability 

to the larger ASD population is reduced.   

Additionally, the sample size for the current study is smaller than would be ideal.  

Recruiting and maintaining HFASD participants proved challenging for a variety of 

reasons.  Several avenues were utilized to advertise the study, but identifying young men 

with ASD in this manner was not an easy feat.  Interested individuals often did not pass 

the screening due to lower cognitive functioning inherent in the majority of the 

population.  In addition, a few study participants were unable to tolerate the MRI 

experience or to lie still for the duration of the scan.  The larger study involved 

completion of four separate appointments and some attrition occurred due to relocation, 
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graduation, and other life events.  Due in part to the smaller sample size, statistical 

assumptions were violated limiting the power of analyses conducted.  

Other Considerations 

 In the time since this project began, the CHC theory has been updated and 

revised.  In the current CHC model, fluid reasoning (Gf) is composed of induction (I), 

general sequential reasoning (RG), and quantitative reasoning (RQ) only (Schneider & 

McGrew, 2012).  Alfonso and Flanagan (2013) explain, “Piagetian Reasoning (RP) and 

Reasoning Speed (RE) were deemphasized, primarily because there is little evidence that 

they are distinct factors.”  While the Decision Speed subtest from the WJ III was 

originally designed to assess speed of reasoning (RE), validity evidence could not be 

obtained (McGrew, 2011).  Interestingly, the HFASD group in this study performed 

significantly below the control group on this subtest.  Therefore, it may be worthwhile to 

further investigate what this subtest is measuring in order to explain this notable 

weakness.  Additionally, given the lack of significant performance differences found on 

the remaining Gf narrow abilities in the present study, it may be that those with HFASD 

do not show specific deficits in the reasoning/fluid intelligence domain. 

Future Directions 

 Autism spectrum disorders encompass a heterogeneous population in terms of 

expression of symptomatology, level of intellectual functioning, and comorbid diagnoses, 

among many other factors.  In addition, research has shown that brain development varies 

in unique ways within ASD across the life span.  Therefore, further research should be 

aimed at examining individuals on the spectrum with consideration of these important 
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differences.  While the field is moving toward less diagnostic distinction (e.g., collapsing 

Autistic Disorder, Asperger’s Disorder, and PDD-NOS into Autism Spectrum Disorder), 

studies including samples of individuals with many diverse characteristics are bound to 

face great challenges.  For research purposes, it will be vital to examine this group in a 

more narrowly defined manner.  It will likely be necessary to break samples into 

distinctive groups based on age and IQ, for example. 

 Many researchers recognize the need for research with larger sample sizes in 

order to increase statistical power, which would hopefully decrease the amount of 

discrepancy among published findings.  In addition, longitudinal studies must be 

undertaken to better understand cognitive and brain differences in ASD throughout 

development and aging.      

 It will be important to pursue research that simultaneously examines cognitive 

abilities, such as reasoning, structural brain imaging, functional imaging, and functional 

connectivity imaging with individuals with ASD.  In this way, more direct conclusions 

could be drawn about how physical brain differences interact with activation patterns to 

affect performance on reasoning and other tasks. 

 Future studies should further examine cognitive skills in ASD using the CHC 

model.  Firstly, fluid intelligence (Gf) should again be evaluated with a larger sample.  

This study demonstrated a trend that those with HFASD score lower than neurotypical 

individuals on the narrow abilities within this domain, with the exception of quantitative 

reasoning (RQ).  This finding needs to be replicated.  Secondly, this area of research 



	  

39 

should be expanded to include investigations of the other broad and narrow abilities 

within the model, such as crystallized intelligence (Gc) and its component skills. 

Conclusion 

 A reasoning deficit is thought to be common to individuals on the autism 

spectrum, though research is lacking in its examination of this complex cognitive skill.  

CHC theory proved to be a valuable framework in which to assess the domain of fluid 

reasoning in a more comprehensive manner by measuring the individual narrow abilities 

that comprise this broad ability.  The current study found that young adult males with 

HFASD in comparison to neurotypical controls had weaknesses in fluid intelligence (Gf).  

Specifically, those with HFASD had significantly lower speed of reasoning (RE), as well 

as slightly lower scores on general sequential reasoning (RG) and induction (I) tasks.  

Performance between groups was comparable on quantitative reasoning (RQ).  These 

findings provide further insight into what skills may be affected in the wider reasoning 

domain within the ASD population. 

 Given the CHC changes excluding speed of reasoning as a narrow ability within 

the fluid intelligence factor, the significant weakness identified in this study is somewhat 

difficult to explain.  Could it be that this deficit is more akin to a general reduction in 

motor speed or speed for processing information rather than related directly to reasoning?  

Additional examination of this subtest, as well as other related domains, will be necessary 

to better understand this impairment.  By further defining this weakness in ASD, 

interventions could be designed to target and boost this specific skill area. 
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 In addition, the cerebellum is a common region of atypicality in ASD and appears 

to play an important role in higher-order cognitive abilities.  While several studies have 

found that those with ASD have reduced cerebellar volume, present findings were unable 

to replicate this result.  Discrepancies among the research highlight the need for further 

investigation that carefully considers factors such as age, gender, and IQ.  Future studies 

should also incorporate longitudinal assessment and seek larger ASD samples.  

Identification of cognitive strengths and weaknesses, as well as corresponding brain 

abnormalities, will serve to deepen our understanding of this complex disorder.  

Ultimately, effective interventions, appropriate educational placements, and successful 

transitional planning for those with ASD are desired goals.  
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Appendix A: 
 

Literature Review 
 

 This review examines the literature on autism in relation to cognitive assessment 

outcomes and brain imaging findings.  The focus of the proposed study is twofold.  

Firstly, identification of the reasoning patterns of those with high-functioning autism 

spectrum disorders (HFASDs) is sought.  Therefore, current findings in the area of 

intelligence are described in relation to the reasoning deficit commonly reported in 

individuals with ASD.  In addition, the Cattell-Horn-Carroll (CHC) theory is presented as 

a framework for examining fluid intelligence, a concept equated to reasoning.  CHC 

theory is a well-accepted theory of intelligence that offers a clear method for 

investigation of cognitive functioning.  Secondly, this study seeks quantification of 

potential neuroanatomical volumetric differences in individuals with HFASDs that may 

relate to reasoning abilities.  Hence, research in the area of brain imaging in the autistic 

population is outlined.  Specifically, structural and functional findings are presented, 

focusing on the cerebellum as a common atypical site in ASD and as a region activated 

during higher order cognitive tasks.  Finally, the relevant literature is summarized and the 

purpose of the current study is described.   

Autism Spectrum Disorders 
 

 Autism was first described by Kanner (1943) based on his observations of patients 

with difficulty relating to others, speech abnormalities, and insistence on sameness, 

among other symptoms.  This syndrome originally outlined by Kanner has been 

extensively studied, clarified, and expanded.  Presently, autism spectrum disorders (ASD) 
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refer to a group of disorders that share common symptoms in varying degrees along a 

continuum.  The core symptoms of ASD, at least one of which must be present prior to 

three years of age, include communication problems, social difficulties, and restricted 

interests or repetitive behavior (APA, 2000). 

 ASDs have become a national concern in the United States due to increases in the 

number of individuals diagnosed, concerns over potential causes, and attempts to discern 

the most effective treatments (O’Brien & Daggett, 2006).  According to a CDC report of 

autism prevalence, 1 in 88 children was diagnosed with an ASD (CDC, 2012).  It is 

considered a neurodevelopmental disorder with symptoms emerging in young childhood 

(Bolte & Poustka, 2002).  Szatmari (2003) described the evidence that autism spectrum 

disorders are neurologically related, including delays in developmental milestones, 

seizures, birth defects, gender differences, and other related features. 

 Individuals with high-functioning autism spectrum disorders (HFASDs) have 

been at the center of much of the published research in autism; this includes those with 

high-functioning autism (HFA), Asperger’s Disorder (AD), and Pervasive Developmental 

Disorder - Not Otherwise Specified (PDD-NOS).  Autistic Disorder, AD, and PDD-NOS 

are found in the current DSM-IV-TR under Pervasive Developmental Disorders (APA, 

2000).  “High-functioning” is a clinical term used to refer to individuals who present with 

all the expected symptoms of autism but have an IQ score of 85 or greater (O’Brien & 

Daggett, 2006).  Asperger’s Disorder is within the category of ASD, as it shares similar 

symptoms to varying degrees along the spectrum.  The exception is in the area of 

communication.  By definition, those with AD do not experience language delays.  In 
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addition, no delays in cognitive development or adaptive skills are present.  Pervasive 

Developmental Disorder - Not Otherwise Specified refers to individuals having ASD 

symptoms but not meeting the full criteria of a specific autism spectrum category (APA, 

2000). 

 Mazefsky and Minshew (2010) outline the breadth of research findings in the 

field of autism.  Developmental differences, such as delays and sensory sensitivities, are 

usually apparent by the age of 12-24 months.  At this time, the diagnosis is made based 

on behavioral information collected from parent and child.  In terms of etiology, 15-20 

genes have been implicated in disorder.  Atypical connectivity among brain regions is 

commonly cited as a neurological difference in individuals with autism.  Those with ASD 

are often found to have comorbid conditions, including ADHD, and symptoms of autism 

can be seen in those diagnosed with other disorders.  Overall, the authors point out that, 

though there are some consistencies in the literature, a great deal of variability exists 

within this diagnostic group.  

 An important issue in ASD has been the lack of distinction between related types 

of the disorder.  There is disagreement and lack of conclusive evidence regarding how 

diagnostic categories should be determined.  Specifically, questions such as whether 

autism is actually a spectrum of disorders and whether Asperger’s Disorder can be 

separated from high-functioning autism have remained unanswered (Manjiviona & Prior, 

1999).  As a result of this dearth of evidence, the soon-to-be released DSM-5 is expected 

to forgo subcategories in favor of the more encompassing diagnosis of “Autism Spectrum 
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Disorder” (McPartland, Reichow, & Volkmar, 2012).  Therefore, the current research 

study focuses on individuals with HFASD as a group. 

Cognitive Differences in ASD 
 

 Cognitive functioning is an extensively researched area in the field of ASD.  The 

literature is consistent in estimating that approximately 75% of those with ASD are 

intellectually impaired, as indicated by having an IQ score below 70 (Carpentieri & 

Morgan, 1996; Lincoln et al., 1988; Munson et al., 2008).  As previously mentioned, 

those with high-functioning ASDs are characterized by having average or above intellect 

(IQ > 85) (O’Brien & Daggett, 2006).  Overall, studies have revealed normative and 

relative cognitive strengths and weaknesses in the ASD population.  Furthermore, the 

intellectual abilities of those with ASD stabilize around 8 years of age and remain 

consistent across the lifespan (Howlin et al., 2004; Mayes & Calhoun, 2003). 

 Several studies have examined cognitive differences in individuals with ASD.  

Some support exists for a significant advantage of nonverbal over verbal abilities 

(Coolican et al., 2008; Ohta, 1987).  For example, many studies have revealed strengths 

in visual perception and visual motor skills in ASD (Klin, Saulnier, Tsatsanis, & 

Volkmar, 2005; Kuschner et al., 2007; Lincoln et al., 1988; Sahyoun).  However, findings 

are inconsistent, as other researchers have claimed no verbal-nonverbal split in those with 

ASD (Barnhill et al., 2000; Siegal, Minshew, & Goldstein, 1996).  Further, Kanai and 

colleagues (2012) found verbal IQ to be higher than performance IQ in adults with high-

functioning autism, AD, and PDD.   
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 Executive functioning (EF) deficits in ASD have been noted across a wide variety 

of studies.  Working memory and cognitive flexibility deficits in ASD were noted as 

common findings in a review by Russo and colleagues (2007).  A study of adults with 

Asperger’s Disorder reported EF difficulties on tasks of flexibility and generativity but 

not on inhibition (Ambery, Russell, Perry, Morris, & Murphy, 2006).  Semrud-Clikeman 

and colleagues (2010) noted that children with ASD often show weaknesses in cognitive 

flexibility and strategy formation.  Additionally, they found those Asperger’s Disorder 

struggled more with planning and fluid reasoning and were rated as having more 

impaired emotional control and behavior regulation than controls or ADHD children.   

 The term executive functioning can be used in reference to many higher order 

cognitive abilities.  Decker and colleagues (2007) investigated the constructs of executive 

functions and fluid reasoning abilities.  The researchers administered measures designed 

to measure these abilities and then analyzed results via correlational, factor analytical, 

and structural equation modeling methods.  They found that tests of EF measured a 

similar factor to tests of fluid reasoning, with a significant correlation between constructs 

of .91.  Therefore, investigations of executive functioning are tapping a great deal of fluid 

intelligence or abstract reasoning.  Additionally, claims of EF deficits in those with 

autism are implying weaknesses in reasoning as well. 

Reasoning in ASD.  Reasoning, specifically, has been the focus of investigations 

within the ASD population.  Conceptual reasoning deficits are a consistent weakness 

reported for both children and adults with ASD (Goldstein et al., 2001; Klin et al., 2005; 

Kuschner et al., 2007; Meyer, 2002; Ohta, 1987).  Similarly, Minshew and colleagues 
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(1994) found that those with autism had poor problem solving abilities and tended to rely 

on guessing.  Further, integrating contextual information into the reasoning process and 

dealing with exceptions in conditional reasoning tasks were deficits found in the ASD 

population (Akshoomoff & Courchesne, 1992; McKenzie, Evans, & Handley, 2011).  In 

another study, those with autism were better able to solve tasks requiring concept 

identification than concept formation (Minshew et al., 2002).  The latter tasks involve 

forming one’s own theory to solve a problem rather than simply identifying a theory 

embedded within a problem.  In sum, “An abstract reasoning deficit has long been 

viewed as a fundamental cognitive impairment in autism and has been documented across 

the spectrum of the disorder” (Meyer & Minshew, 2002).    

 Mottron (2004) stated that the Raven’s Progressive Matrices (RPM) is the most 

frequently used measure of cognitive ability in autism.  The author further suggested that 

it overestimates IQ in the ASD population.  This measure is often utilized as a measure of 

reasoning or fluid intelligence.  One recent study found that those with ASDs scored 

lower than controls on the measure (Bolte et al., 2009).  Zhang (1998) found that children 

with ASD scored similarly to controls on the RPM.  In other research, children with 

autism spectrum disorders scored lower than controls, while no difference in performance 

was found between the adult groups (Dawson et al., 2007).  Morsanyi and Holyoak 

(2010) found no difference between children with autism and typically developing 

children on either the RPM or other pictorial reasoning tasks.  Finally, Chen and 

colleagues (2010) as well as Hayashi and colleagues (2008) found that children with 

Asperger’s Disorder and those with HFA scored higher than controls on the RPM.  The 
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authors concluded, based on this limited evidence, that these children have superior fluid 

intelligence.  Clearly, the RPM has not been a sufficient measure of overall intellectual 

ability or reasoning in the ASD population, despite its wide use. 

CHC Theory 
 
 The Cattell-Horn-Carroll (CHC) theory of cognitive abilities is one of the most 

prominent models of intelligence.  It is based on the combination of two long-standing, 

evidence-based models – the Cattell-Horn Gf-Gc theory and Carroll’s three-stratum 

theory (McGrew, 2005).  One of the advantages of the theory is its solid foundation in 

research based on years of psychometric data, including extensive factor analytic studies 

(Flanagan et al., 2007; McGrew, 2005).  CHC theory breaks down the structure of 

intelligence into specific broad abilities that are further divided into narrow abilities.  In 

this way, a shared framework was established that has been utilized across the field to 

study human cognitive abilities (Phelps, McGrew, Knopik, & Ford, 2005).  Furthermore, 

many of the frequently used intelligence batteries adopted CHC theory organization and 

measure the broad abilities defined within the model, including the Woodcock-Johnson 

III (Flanagan et al., 2007). 

 CHC theory includes a hierarchical structure in which abilities are broken into 

three strata.  Stratum III (the apex) is considered general intellectual ability.  The CHC 

broad factors, stratum II, describe the range of cognitive abilities.  These ten factors 

include fluid intelligence (Gf), quantitative knowledge (Gq), crystallized intelligence 

(Gc), reading and writing ability (Grw), short-term memory (Gsm), visual processing 

(Gv), auditory processing (Ga), long-term storage and retrieval (Glr), processing speed 
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(Gs), and decision/reaction time/speed (Gt).  Stratum I refers to all the narrow abilities 

that constitute each broad ability, and there are sixty-nine in total.  (Schrank, Flanagan, 

Woodcock, & Mascolo, 2002; see Appendix B).   

Fluid Intelligence – Gf.  Fluid Intelligence (Gf), one of the broad abilities, refers 

to the cognitive processes involved in solving a novel problem.  Reasoning skills such as 

conceptualization and perception, as well as extrapolation and reorganization of 

information, are included within Gf (Flanagan et al., 2007; McGrew & Flanagan, 1998). 

 In addition, according to CHC theory, fluid intelligence can be further divided 

into the separate abilities that comprise Gf.  Descriptions of those narrow abilities are 

included below in Table 1 (Flanagan et al., 2007).  As no specific measures exist of the 

more theoretical construct, Piagetian Reasoning, it will not be included in the current 

study.  (See Appendix C for more detailed descriptions of Gf and the narrow abilities).   

Table 5   
Description of the Narrow Abilities of Fluid Intelligence (Gf)   
 
            Narrow Ability     Description 
General Sequential Reasoning (RG)  Deduction; the ability to start with a given  
      set of rules and solve a specific problem. 
 
Induction (I) The ability to identify a rule that 

underlies a specific problem.  
  

Quantitative Reasoning (RQ)   The use of deduction and induction to solve 
      mathematical problems. 
 
Piagetian Reasoning (RP)   The various cognitive abilities within  
      Piaget’s theories (e.g., conservation). 
 
Speed of Reasoning (RE)   The speed required to reach a solution(s)  
      during a reasoning task. 
Note. From Essentials of Cross-Battery Assessment, Second Edition (p. 279), by D.P. 
Flanagan, S.O. Ortiz, and V.C. Alfonso, Hoboken, NJ: John Wiley & Sons, Inc.  
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Woodcock-Johnson III 
 
 The Woodcock-Johnson – Third Edition (WJ III) is a comprehensive individually 

administered testing battery for those ages 4-90 (Woodcock, McGrew, & Mather, 2001).  

This battery was first published in 1977 as the Woodcock-Johnson Psychoeducational 

Battery and revised in 1989.  The current battery is the third edition, published in 2001, 

and includes both the Woodcock-Johnson III Tests of Cognitive Abilities (WJ III COG), 

examining intellectual functioning, and the WJ III Tests of Achievement (WJ III ACH), 

examining academic functioning (Shrank et al., 2002).  Shrank and colleagues (2002) 

report that the two batteries were normed simultaneously on a diverse sample that 

included 8,818 individuals ages 24 months to over 90 years old.  Standardized scores 

have a mean of 100 and standard deviation of 15 (Woodcock et al., 2001).    

 CHC theory provides the foundation for the WJ III (Shrank et al., 2002).  

According to Shrank and colleagues (2002), “The primary purpose of the WJ III COG is 

to provide measurement of the broad CHC factor scores”.  Factor scores are provided by 

the WJ III COG for the broad abilities, including Gc, Glr, Gv, Ga, Gf, Gs, and Gsm.  

The WJ III ACH provides factor scores for the Grw, Gc, Gq, Glr, and Ga broad 

abilities.  The WJ III COG includes 20 individual subtests intended to measure specific 

narrow abilities, while the WJ III ACH is composed of 22 subtests (McGrew & 

Woodcock, 2001).  These tests aim to identify cognitive, as well as academic, strengths 

and weaknesses within an individual (Woodcock et al., 2001). 

 More specifically, the narrow abilities of fluid intelligence (Gf) can be assessed 

by individual subtests of the WJ III.  From the WJ III COG, general sequential reasoning 
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(RG) is measured by the Analysis-Synthesis subtest, induction (I) is measured by the 

Concept Formation subtest, and speed of reasoning (RE) is measured by the Decision 

Speed subtest.  Additionally, quantitative reasoning (RQ) is assessed by the Quantitative 

Concepts subtest from the WJ III ACH (Flanagan et al., 2007; Schrank, McGrew, & 

Woodcock, 2001). 

 The WJ III includes norming studies with special populations.  In the Normative 

Update, summary data is included for a sample of 118 children with autism spectrum 

disorders, though specific information on the demographic composition of the sample is 

not included (McGrew, Shrank, & Woodcock, 2007).  The median Fluid Reasoning (Gf) 

score for this group was in the average range (SS = 94).  Further, relative weaknesses 

were noted in Processing Speed, Brief Reading, Brief Math, Brief Writing, and Academic 

Knowledge.  Data on individual subtest performance was not provided.   

Additional studies of WJ III performance for ASD individuals are sparse.  Nethers 

(2006) examined differences between the diagnostic groups of high-functioning autism 

(HFA), Asperger’s Disorder (AD), and Pervasive Developmental Disorder, Not 

Otherwise Specified (PDD-NOS).  No differences were found in WJ III scores between 

the HFA and AD groups on any broad ability, though the PDD-NOS group scored lower 

on all measures.  Generally, all broad ability scores fell in the average range for the HFA 

and AD groups.  In another study examining children with AD, as well as those with 

ADHD and controls, a significant weakness was found for the AD group on both WJ III 

Concept Formation and Analysis-Synthesis subtests (Semrud-Clikeman, Walkowiak, 

Wilkinson, & Butcher, 2010). 
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Structural Brain Differences in ASD 

 Researchers have extensively investigated the brains of those with ASD in hopes 

of uncovering structural differences that may be linked to the symptoms of the disorder.  

Both white and gray matter volumetric differences in various brain regions have been 

reported in individuals with ASD.  The specifics of those findings vary across studies, 

however. 

 In a study of adults with ASD compared to controls, those with ASD showed 

decreased cerebellar volume and increased peripheral CSF volume (Hallahan et al., 

2008).  Further, reduced size of cerebellar hemispheres and vermal lobules was found in 

individuals with the disorder (Murakami, Courchesne, Press, Yeung-Courchesne, & 

Hesselink, 1989).  However, another study of adult males found no significant difference 

between ASD and controls in area of cerebellum, pons, or fourth ventricle (Piven et al., 

1992).   

Investigations of specific tissue differences in ASD have been conducted.  

Bonilha and colleagues (2008) reported increased gray matter volumes and decreased 

white matter volumes across several brain regions in adolescents and young adults with 

autism spectrum disorders.  Regional gray matter differences in children with ASD were 

found, including decreased gray matter volumes in the fronto-pallidal region for HFA and 

in caudate, thalamus, and parietal lobe for AD (McAlonan et al., 2008).  While single 

studies with variable findings are prevalent in the literature, many review articles have 

been written in an effort to summarize reports. 
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 Brambilla and colleagues (2003) surmised that overall findings are inconclusive; 

however, total brain volume, as well as cerebellar and corpus callosum volume, is often 

found to be atypical in ASD.  After reviewing the literature, Acosta and Pearl (2004) 

concluded that autism involves atypical growth patterns characterized by increased total 

brain volume in early childhood that decreases with age.  The authors also reported that a 

loss of Purkinje cells in the cerebellum is a common finding, relating to atypical brain 

circuitry among the cerebellum, prefrontal cortex, and limbic system.  Another review 

echoed the idea that those with ASD have aberrant brain growth, especially a “pattern of 

hyperplasia in frontal cerebral cortex and hypoplasia in limbic structures and cerebellum” 

(Akshoomoff, Pierce, & Courchesne, 2002).  In other reviews of the research, general 

findings included increased total brain volume, increased volumes of the cerebellum and 

caudate nucleus, and decreased corpus callosum volume, though inconsistencies were 

also stressed (Hrdlicka, 2008; Penn, 2006; Stanfield et al., 2008). 

 Differences across studies have been attributed to varying causes.  Some presume 

that inconsistency is due to factors such as the heterogeneity of ASD, MRI analysis 

differences, and small sample sizes (Bonilha et al., 2008).  Brambilla et al. (2003) cited 

the absence of age, gender, and IQ matching as contributing to inconclusive findings.  

Further, differences in diagnostic criteria and subject characteristics were also noted as 

potential contributions to disparate findings (Stigler, McDonald, Anand, Saykin, & 

McDougle, 2011). 

 Despite reported discrepancies, the cerebellum remains as one of the most notable 

regions of abnormal development in those with autism, leading investigators to further 
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explore this area.  Many researchers with a focus on the cerebellum have noted a pattern 

of overall reduced volume with increased white matter and decreased gray matter (Allen, 

Muller, & Courchesne, 2004; Allen, 2010; Courchesne et al., 2001; Hallahan et al., 

2008).  Carper and Courchesne (2000) reported an abnormally increased volume in the 

frontal lobes with concurrent decreased volume in the cerebellum.  In addition, the 

cerebellar vermis is often reduced in ASD, especially as individuals mature (Allen, 2006; 

Courchesne et al., 2001; Murakami, Courchesne, Press, Yeung-Courchesne, & Hesselink, 

1989; Stanfield 2008; Webb et al., 2009).  Evidence of reduced volume in cerebellar 

hemispheres has also been found (Murakami et al., 1989).  According to Bauman and 

Kemper (2005), the cerebellum is the most consistent area of abnormality in ASD outside 

of the limbic system.  The authors also note that a reduction of Purkinje cells, especially 

in the posterior region of the cerebellum is common in ASD. 

 Further support of the cerebellar atypicality in autism can be found in post-

mortem studies.  Allen and colleagues (2011) reported, “The cerebellum has been one of 

the most consistently reported sites of pathology in post-mortem studies.  The most 

frequently reported abnormality is a reduction in the number of Purkinje cells.”  The 

Purkinje neurons have an inhibitory effect on deep cerebellar nuclei, which are the only 

source of output from the cerebellum.  When this inhibitory effect is lessened, atypical 

activity of the nuclei ensues and deviant connections are likely to form with other brain 

regions (Allen, 2006).  Therefore, the detrimental functional impact of this neural 

abnormality can be easily inferred.   
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 Based on his review of the literature, Courchesne (1991) summarized findings of 

the cerebellar differences in autism.  He noted that a reduction in cerebellar size and 

reduction of Purkinje neurons was evident in neuroimaging and autopsy studies.  

Reductions are most often found in the neocerebellar vermis and hemispheres, which 

includes the posterior regions of the cerebellum.  Atypical neural development is believed 

to be at the root of cerebellar atypicalities.  Finally, hypoplasia of vermis and 

hemispheres likely share the same etiology, as they are highly correlated in ASD. 

 A more recent review of cerebellar structure findings in ASD included 20 studies 

(Scott, Schumann, Goodlin-Jones, & Amaral, 2009).  Of the 20 studies, 13 reported 

reductions in cerebellar regions, mostly in posterior lobules.  In addition, the researchers 

conducted their own analysis of children and adolescents with varied ASD diagnoses as 

compared to controls.  They found a decrease in vermal volume for the combined autism 

group with no difference in cerebellar hemispheres. 

DTI Studies.  Diffusion tensor imaging techniques have been utilized to examine 

structural connectivity differences in the brains of individuals with ASD.  Atypical 

connectivity in autism is thought related to abnormal neural development.  Specifically, 

“Individuals with autism show a large increase in white matter growth in very early 

childhood, followed by a period of relatively slowed growth” (Schipul, Keller, & Just, 

2011).  An investigation of gray and white matter integrity in adolescents with autism 

revealed a deficit in integrity of white matter across the cerebrum and cerebellum (Groen, 

Buitelaar, van der Gaag, & Swiers, 2011).  According to Wass (2011), those with ASD 

often show “local over-connectivity and long-distance underconnectivity.”  Specific 
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underconnectivity has been found between the cerebellum and the frontal lobe 

(Sivaswamy et al., 2010).     

Functional Brain Differences in ASD 

 Functional magnetic resonance imaging (fMRI) studies of individuals with ASD 

have found abnormal patterns of activation for numerous cognitive tasks.  Examples 

include underactivation in the fusiform face area (FFA) during face processing and in the 

anterior cingulate cortex (ACC) during spatial working memory (Stigler et al., 2011).  On 

executive functioning tasks, different activation patterns were noted between ASD and 

control groups in several regions within the prefrontal, temporal, parietal, and cerebellar 

regions (Gilbert, Bird, Brindley, Frith, & Burgess, 2008). 

 Anomalous and inefficient neural networks have been cited in autism.  These 

same networks are implicated in executive function difficulties and involve the prefrontal 

cortex, caudate nucleus, thalamus, limbic system, and posterior cerebellum (Acosta & 

Pearl, 2004; Allen et al., 2005; Brambilla et al., 2003; Schmahmann, 2010).  Functional 

connectivity refers to “covariance of activation among different brain regions, and it is 

often interpreted as an indirect measure of the communication or coordination of process 

between the regions” (Schipul et al., 2011).  Functional connectivity studies provide 

evidence of a lack of coordination between frontal and posterior areas of the brain. 

 Based on a review of fMRI research in ASD, conclusions regarding activation and 

connectivity differences were presented (Minshew & Keller, 2010).  Underconnectivity 

between frontal and posterior regions is well documented.  In addition, increased 

activation of occipitoparietal areas suggests a greater reliance on visuospatial skills 
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during problem solving tasks.  During completion of higher order cognitive tasks, those 

with ASD show recruitment of a broader range of regions. 

Allen and Courchesne (2003) found that in a sample of those with ASD that the 

cerebellum was overly active during a motor task, while under active during an attention 

task.  Further, they found a positive correlation between size of the superior posterior 

cerebellum and amount of activation during the attention task.  Another study reported a 

strong relationship between scores of Performance IQ and cerebellar volume in those 

with autism (Cleavinger, et al., 2008).  These studies point out the interplay of volume 

and function in ASD, as well as the abnormal activation patterns within the cerebellum, 

during reasoning and higher order functioning tasks.   

Reasoning and the Cerebellum 

While historically the cerebellum has been viewed primarily as a site responsible 

for motor coordination, its role has been greatly extended in recent years through insight 

gained from functional brain imaging investigations, cerebellar connectivity studies, and 

research with patients with cerebellar lesions.  Today, the cerebellum is believed to be 

involved in numerous cognitive functions via its vast connections throughout the brain 

(Allen, 2006; Allen, McColl, Barnard, Ringe, Fleckenstein, & Cullum, 2005; Gottwald et 

al., 2004; Schmahmann & Sherman, 1998; Stoodley & Schmahmann, 2009).   

In studies of reasoning with neurotypical individuals, the cerebellum, particularly 

the posterior region, was found to be active.  Researchers found cerebellar activation in 

various types of reasoning tasks, including those involving inductive and deductive 
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reasoning (Blackwood et al., 2004; Goel, Buchel, Frith, & Dolan, 2000; Kalbfleisch, Van 

Meter, & Zeffiro, 2007). 

 Numerous studies exist that link dysfunction in the cerebellum to specific 

cognitive deficits.  Schmahmann and Sherman (1998) described a cluster of symptoms, 

which they termed “Cerebellar Cognitive Affective Syndrome” (CCAS), seen to be 

common in their patients with cerebellar lesions.  These symptoms include executive 

functioning deficits, visual-spatial difficulties, personality changes, and language issues.  

The authors noted that lesions within the posterior region of the cerebellum led to the 

greatest expression of CCAS.  Schmahmann et al. (2007) described conditions in which 

CCAS is prevalent, including autism spectrum disorders and attentional difficulties.   

 Deficits have been further localized within the cerebellum.  Researchers have 

developed a topographical map based on functional imaging findings indicating that the 

anterior portion of the cerebellum plays a role during sensorimotor tasks, while the 

posterior portion of the cerebellum plays a role during tasks requiring higher order 

cognitive skills (Schmahmann, 2004; Stoodley & Schmahmann, 2009; 2010).  Further, 

the posterior cerebellar hemispheres are thought to be crucial for cognitive tasks and the 

cerebellar vermis important for affective behavior (Gottwald, Wilde, Mihajlovic, & 

Mehdorn, 2004; Schmahmann, 1996; Stoodley & Schmahmann, 2010; Tavano et al., 

2007). 

Overall, functional imaging research highlights the cerebellum’s role in higher 

order cognitive functions, such as reasoning.  Additionally, studies show how lesions 

restricted to the posterior cerebellum result in executive functioning deficits.  ASD 
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populations have been included in these lines of research, lending insight to how 

structural and functional abnormalities in the cerebellum may be linked to cognitive 

deficits, as well as other symptomatology, related to the disorder.  Allen (2011) 

concluded, “the cerebellum is not functioning normally in individuals with ASDs under a 

wide range of cognitive and motor task conditions, which is not surprising given the 

known anatomical defects.” 

Summary 
 
 Autism is a neurologically-based disorder of development.  While the current 

DSM-IV-TR separates individuals on the autism spectrum into distinct diagnostic 

classifications, the DSM-5 will soon be released and will collapse those subcategories 

into one global diagnosis of “Autism Spectrum Disorder” (McPartland et al., 2012).  This 

change is consistent with clinical and research efforts that have failed to provide a clear 

distinction among those on the spectrum. 

 Investigations of the cognitive abilities in ASD have found many conflicting 

results.  However, executive functioning deficits are commonly documented in the 

literature (Ambery et al., 2006; Russo et al., 2007; Semrud-Clikeman et al., 2010).  

Further, weaknesses have been reported in various aspects of reasoning (Klin et al., 2005; 

McKenzie et al., 2011; Minshew et al., 2002). 

The broad ability of Gf (fluid intelligence) has been investigated in studies that 

include individuals with ASD.  Specifically, a deficit within autism related to problem 

solving, abstraction, and analyzing information is well documented (Allen et al., 1991; 

Meyer, 2002; Ohta, 1987).  Closely related skills that can be linked to the narrow abilities 
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of Gf have been investigated in separate studies of autism.  For example, concept 

formation is found to be a weakness in ASD (Kuschner et al., 2007; Meyer, 2002; 

Minshew et al., 2002).  Sequential reasoning and processing have also emerged as 

deficient within the spectrum (Allen et al., 1991; Green et al., 1995; Ohta, 1987).  

Additionally, many studies showed that processing speed is poor in this population 

(Calhoun & Mayes, 2005; Mayes & Calhoun, 2008; Nyden et al., 2001).  However, 

quantitative reasoning, such as math ability, is likely intact in those with ASD, according 

to several studies (Carpentieri & Morgan, 1996; Chiang & Li, 2007; Green et al., 1995).       

 Due to the varied diagnostic distinctions used, sample sizes included, and 

measures administered the literature is full of findings that are conflicting and leaves 

many unanswered questions as to how reasoning is affected in individuals with autism 

spectrum disorders.  In order to more effectively determine, clarify, and integrate findings 

of intellectual functioning in ASD, an improved method of investigation that incorporates 

the most comprehensive and contemporary theory of intelligence is necessary.   CHC 

theory is proposed as a more thorough and structured way to examine the aspects of 

intelligence, specifically problem-solving or reasoning skills (fluid intelligence (Gf)) that 

are pertinent to the study of ASD.   In this way, the construct can be divided into its 

component parts (i.e., narrow abilities) and further tested with measures designed 

specifically for such an exploration. 

 Only a few studies, mostly unpublished dissertations, examined how those with 

autism spectrum disorders function on the factors of intelligence as defined by CHC 

theory.  For example, Hanzel (2003) assessed how those with ASD performed on the 
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Leiter International Performance Scale compared to other more traditional measures of 

CHC abilities.  The author concluded it was a valid instrument to use with the high-

functioning autism (HFA) population (Hanzel, 2003).  Additionally, Hanzel found that 

those with HFA scored lower than controls on measures of Gf.  However, in a similar 

study, those with HFA performed highest on measures of Gf (fluid intelligence), even 

higher than controls, though performance was still average (Iverson, 1997).  Neither of 

these studies investigated the narrow abilities that comprise Gf, however.  Nethers (2006) 

examined differences in performance across autistic diagnostic groups on tests of broad 

abilities, using the WJ III, and found that those with HFA and AD scored similarly across 

measures.  The author did not include a control group nor examine narrow abilities.  

Finally, Semrud-Clikeman and colleagues (2010) investigated Gf and other executive 

functions in children with AD and found that they scored lower than children with 

ADHD and controls on Gf measures. 

 Results from structural and functional brain imaging studies have shown atypical 

neural development in ASD.  The cerebellum is a consistent site of abnormality with 

several researchers reporting reduced cerebellar volume, as well as increased white 

matter and decreased gray matter (Allen, 2010; Courchesne et al., 2001; Hallahan et al., 

2008).  In reviewing the literature, Scott and colleagues (2009) reported the posterior 

region of the cerebellum as most affected.  Investigation using DTI techniques revealed 

underconnected structural networks between the frontal lobe and cerebellum (Sivaswamy 

et al., 2010).  FMRI research has highlighted atypical activation patterns in those with 
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ASD during executive functioning tasks, as well as broader recruitment of brain regions 

(Gilbert et al., 2008; Minshew & Keller, 2010). 

 The cerebellum has been found to play an important role in completing higher 

order cognitive tasks.  Activation in cerebellar regions has been documented across 

several studies of reasoning (Blackwood et al., 2004; Kalbfleisch et al., 2007).  More 

specifically, the posterior cerebellum is believed to be most involved in executive 

functioning based on topographical studies (Stoodley & Schmahmann, 2009; 2010). 

Proposed Study 

Statement of Purpose.  The current study seeks to contribute to the field by 

providing more insight into how those with HFASDs are able to reason in terms of fluid 

intelligence.  Deficits in problem solving are often noted in the neurodevelopmental 

disorders included on the autism spectrum.  While much of the research showed that both 

strengths and weaknesses likely exist within this realm, this study aims to provide a firm 

foundation in CHC theory as a means to focus more clearly on the broad area of fluid 

intelligence.   

 The importance for understanding the intellectual abilities of those with the 

disorder is evident in that it can help predict outcomes and inform treatments (Bolte, 

Dziobek, & Poustka, 2009; Dietz et al., 2007).  Additionally, determining cognitive 

strengths and weaknesses can guide educational interventions (Mayes & Calhoun, 2008).  

By identifying what specific assets and deficits are common in ASD, those that work 

with these individuals can better understand and aid them in fulfilling their potential.  
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Because fluid intelligence is necessary for many daily activities, the importance of this 

research is underscored. 

 To compliment this study’s investigation into the performance of individuals with 

ASD on reasoning tasks, a brain imaging component is included.  Structural brain 

imaging, functional brain imaging, and post-mortem studies of those with autism suggest 

various neural atypicalities. 

 Several volumetric differences have been noted within different regions of the 

brain in those with ASD.  While discrepant findings exist across studies, some 

consistencies emerge, including atypical brain growth in frontal and cerebellar regions 

(Acosta & Pearl, 2004; Akshoomoff et al., 2002; Allen, 2006; Brambilla et al., 2003; 

Carper & Courchesne, 2000; Hallahan et al., 2008; Hrdlicka, 2008; Penn, 2006; Stanfield 

et al., 2008; Webb et al., 2009).  In addition, decreased cerebellar volumes have been 

thought to be related to the prevalent finding of a reduced number of Purkinje cells that, 

in turn, influence output to other structures in the brain (Allen, 2010). 

 Functional differences are also commonly seen in studies of autism.  

Topographical studies have identified activation of the posterior cerebellum during higher 

order cognitive tasks of attention and reasoning.  In addition, deficits in these executive 

skills have been associated with cerebellar dysfunction (Allen & Courchesne, 2003; 

Blackwood et al., 2004; Goel et al., 2000; Gottwald et al., 2004; Kalbfleisch et al., 2007; 

Schmahmann, 2010; Schmahmann & Sherman, 1998; Stoodley & Schmahmann, 2009).   

Faulty neural networks that involve the cerebellum, prefrontal cortex, and limbic 
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structures are also believed to be causative of executive and affective deficits in autism 

(Allen et al., 2005, Brambilla et al., 2003). 

 This study seeks to further investigate the posterior cerebellar volumes in 

individuals with HFASD, while measuring fluid intelligence in the same sample.  Given 

the established link between the cerebellum and reasoning ability and the fact that those 

with autism are known to have both cerebellar abnormalities and reasoning/fluid 

intelligence deficits, the study aims to examine this brain-behavior relationship in a 

systematic and comprehensive manner.  Through this research, it is hoped that a clearer 

understanding of how specific deficits in fluid reasoning correlate to structural 

differences in the brain of individuals with HFASD. 
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Appendix B 

 
 
Source: Adapted from Flanagan et al., 2007 
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Appendix C 
 
 
Fluid intelligence/reasoning (Gf): The use of deliberate and controlled mental 
operations to solve novel, “on-the-spot” problems (i.e., tasks that cannot be performed 
automatically). Mental operations often include drawing inferences, concept formation, 
classification, generating and testing hypotheses, identifying relations, comprehending 
implications, problem solving, extrapolating, and transforming information. Inductive 
reasoning (inference of a generalized conclusion from particular instances) and deductive 
reasoning (the deriving of a conclusion by reasoning; specifically, inference in which the 
conclusion about particulars follows necessarily from general or universal premises) are 
generally considered the hallmark indicators of Gf. Gf has been linked to cognitive 
complexity, which can be defined as a greater use of a wide and diverse array of 
elementary cognitive processes during performance.  

• General sequential (deductive) reasoning (RG): Ability to start with stated 
assertions (rules, premises, or conditions) and to engage in one or more 
steps leading to a solution to a problem. The processes are deductive as 
evidenced in the ability to reason and draw conclusions from given general 
conditions or premises to the specific. Often known as hypothetico-
deductive reasoning.  

• Induction (I): Ability to discover the underlying characteristic (e.g., rule, 
concept, principle, process, trend, class membership) that underlies a 
specific problem or a set of observations, or to apply a previously learned 
rule to the problem. Reasoning from specific cases or observations to 
general rules or broad generalizations. Often requires the ability to combine 
separate pieces of information in the formation of inferences, rules, 
hypotheses, or conclusions.  

• Quantitative reasoning (RQ): Ability to inductively (I) and/or deductively 
(RG) reason with concepts involving mathematical relations and properties.  

• Piagetian reasoning (RP): Ability to demonstrate the acquisition and 
application (in the form of logical thinking) of cognitive concepts as defined 
by Piaget’s developmental cognitive theory. These concepts include 
seriation (organizing material into an orderly series that facilitates 
understanding of relationships between events), conservation (awareness 
that physical quantities do not change in amount when altered in 
appearance), classification (ability to organize materials that possess similar 
characteristics into categories), etc.  

• Speed of reasoning (RE): Speed or fluency in performing reasoning tasks 
(e.g., quickness in generating as many possible rules, solutions, etc., to a 
problem) in a limited time. Also listed under Gs.  

 
Source: Adapted from McGrew, 2005 
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Appendix D 
 
 

 

 
 
 
 

Source: From The role of the cerebellum in cognition and emotion (p. 246) by 
Schmahmann, 2010 
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