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Assessment of executive functioning in neurodevelopmental disorders (e.g., autism) is a 

crucial aspect of neuropsychological evaluations. The executive functions are accomplished by 

the supervisory attentional system (SAS) and include such processes as inhibition, switching, 

and planning.  Autism spectrum disorder (ASD) tends to present similarly to other 

neurodevelopmental disorders (e.g., ADHD). For example, ASD and ADHD may share similar 

etiological underpinnings in the frontostriatal system of the frontal lobe. Research on executive 

functioning in ASD has been mixed, thus the precise nature of executive functioning deficits in 

ASD remains equivocal. In recent years, simulation technologies have emerged as an avenue to 

assess neurocognitive functioning in individuals with neurodevelopmental disorders impacting 

frontostriatal function. Simulation technology enables neuropsychologists to assess 

neurocognitive functioning within a testing environment that replicates environments in which 

the subject is likely to be in everyday life, as well as present controlled, real-world distractions, 

which may be better able to tap “hot” executive functions. A Virtual Classroom Continuous 

Performance Test (CPT) has been used successfully to assess attention in individuals with 

neurodevelopmental disorders impacting frontostriatal function. The current study aimed to 

investigate executive functioning in individuals with high functioning ASD using a new 

construct driven Stroop assessment embedded into the Virtual Classroom. Group differences were 

found in the Virtual Classroom with distractions condition, indicating individuals with ASD may 

be more vulnerable to external interference control than neurotypical individuals.  
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CHAPTER 1 

INTRODUCTION 

 Autism spectrum disorder (ASD) is an umbrella term which refers to a range of 

neurodevelopmental disorders.  Currently, the Diagnostic and Statistical Manual of Mental 

Disorders- Fifth Edition (DSM-5) uses the term Autism spectrum disorder to encompass the 

formerly known autistic disorder, Asperger’s disorder, childhood disintegrative disorder, and 

pervasive development disorder not otherwise specified (PDD-NOS; APA, 2013).  The criteria 

for ASD are divided into two areas: 1) “Persistent deficits in social communication and social 

interaction across multiple contexts and 2) Restrictive, repetitive patterns of behavior, interests, 

or activities” (APA, 2013, p. 50).  Additionally, individuals with this diagnosis may or may not 

have language deficits.  The DSM-5 also requires that symptoms be present from early childhood 

(although they may not be identified until later), must cause significant impairment in important 

areas of functioning, and the symptoms may not be better explained by an intellectual disability 

or global delay in development (APA, 2013).  The level of functioning in ASD varies greatly, 

and the DSM-5 includes a chart for describing an individual’s level of functioning based on 

symptoms and need for support.  Level 1 indicates high functioning while Level 3 indicates low 

functioning.  Diagnosis is made from these behavioral criteria listed in the DSM-5.  No 

informative biological test currently exists to determine the presence of ASD (Newshaffer, 

2006).  

The following epidemiological information is based on DSM-IV-TR criteria, as DSM-5 

epidemiology estimates are not yet available.  According to the Centers for Disease Control and 

Prevention (CDC), 1 in 68 children has been diagnosed with ASD, and ASD is found in all 

racial, ethnic, and socioeconomic groups.  ASD is 5 times more common in boys than in girls. 
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The reported prevalence of ASD is 1-3% (Centers for Disease Control and Prevention, 2014).  

Children with siblings who have ASD have a 2- 18% chance of being affected (Ozonoff, 2011; 

Sumi, Taniai, Miyachi, & Tanemura, 2006).  Among identical twins, if one child has ASD, the 

other twin has between 36-95% chances of being affected.  In contrast, among non-identical 

twins, if one child is affected, the chances of the other twin being affected are about 0-31% 

(Rosenberg, 2009; Hallmayer et al., 2011; Ronald et al., 2006; Taniai, 2006).  Approximately 

10% of children with ASD also have other chromosomal or genetic disorders such as Down 

syndrome or fragile X syndrome, thus ASD may be comorbid with other genetic or chromosomal 

conditions (DiGuiseppi et al., 2011; Hall, Lightbody, & Reiss, 2008).  Finally, about 46% of 

children with ASD score in the average to above average range in assessments of intellectual 

ability (CDC, 2014).  

ASD is a highly heterogeneous disorder, with each child showing a variety of different 

symptoms that may change over time.  These symptoms reliably fall into the domains of social 

interaction and repetitive or restrictive behaviors and interests.  Typically, onset of ASD is 

during infancy, and no later than 3 years old.  Initial concern arises when the child fails to use 

language for communication, although the child is able to recite words and phrases for non-

communicative purposes.  As the child grows older and more sophisticated, social interaction is 

required and social deficits become more apparent.  Children with ASD do not seek out play 

with other children or seek attention from their parents.  By the preschool years, repetitive 

behaviors such as hand-flapping begin to develop.  Intellectual disabilities and language deficits 

are common in children with ASD, but neither is necessary for a diagnosis (Lord, Cook, 

Leventhal, & Amaral, 2000).  Some individuals with ASD have “islets of ability,” which are 
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above average skills, usually in areas requiring memory or calculation ability (Prior & Ozonoff, 

1998).   

As with the symptoms of ASD, the life course of individuals with ASD is highly 

heterogeneous.  As individuals with ASD develop, some lose skills acquired in therapy around 

adolescence, some plateau, and others continue to develop skills (Leblanc, Riley, & Goldsmith, 

2008).  Research shows most individuals with ASD see symptom improvement around 

adolescence and into adulthood, but a small subset do not (Seltzer, 2003; Shattuck, 2007). 

Particularly in individuals without intellectual disability, core symptoms of ASD seem to 

improve in young adulthood (Seltzer et al., 2004).  As children with ASD develop and move 

toward adolescence, comorbid disorders such as depression, anxiety, attention-deficit 

hyperactivity disorder (ADHD), and obsessive-compulsive disorder (OCD) become more of a 

concern (Leblanc, Riley, & Goldsmith, 2008).  

 With effective treatment planning and proper social support, individuals with ASD may 

go on to higher education or employment, and some may be able to live independently or semi-

independently (Leblanc, Riley, & Goldsmith, 2008).  Magiati et al. (2014) conducted a 

systematic review of adult outcomes for individuals with ASD including individuals with a broad 

range of symptoms and cognitive abilities.  This study found improved daily living skills and 

communication skills for most individuals over time, but found social communication skills to 

remain relatively stable, although this varied somewhat by the individual.  Overall, the literature 

on adult outcomes in ASD is quite sparse, but strong family and community support and 

effective treatment planning seem to produce the highest quality of life for adults with ASD 

(Leblanc, Riley, & Goldsmith, 2008). 
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 Although not formally recognized, many clinicians and researchers use the term “high 

functioning autism” (HFA) to recognize individuals with ASD who are not cognitively impaired 

(i.e., IQ scores > 70).  Individuals with HFA may still experience the symptoms of ASD such as 

communication deficits, restricted interests, and repetitive behaviors.  Additionally, they are still 

more prone to the comorbid disorders described early compared to normal controls (Carpenter, 

2014).  

1.1 Current Assessment of Autism Spectrum Disorders  

 Autism spectrum disorders are typically diagnosed in early childhood by a team of 

professionals including psychologists, pediatricians, and neurologists.  While a number of 

approaches to diagnosis of ASD exist, the current, most common approach relies mainly on 

scales designed to determine whether the client meets criteria for diagnosis based on DSM 

criteria.  These scales rely mostly on parent and self-report of behavioral symptoms.  A 

combination of parent report, clinician observation, and clinical judgment is currently the “gold 

standard” to obtain the most valid diagnostic results (Filipek et al., 2000).  Common measures 

used for assessment and diagnosis are the Autism Diagnostic Interview-Revised (ADI-R, Lord, 

Rutter, & Lecouteur, 1994), the Autism Diagnostic Observation Schedule (ADOS; Lord, Rutter, 

DiLavore, & Risi, 1999), and the Childhood Autism Rating Scale (CARS; Schopler, Reichler, & 

Renner, 1988).  In a review of ASD assessment practices by school psychologists, the CARS, the 

Gilliam Autism Rating Scale (GARS; Swift, 1999), and the Gilliam Asperger’s Disorder Scale 

(GADS, Gilliam, 2001) were the most frequently used measures in the assessment and diagnosis 

of ASD (Allen, Robins, & Decker, 2008).  

 Although the etiology of this disorder has remained elusive, research has suggested 

deficits in ASD, along with a number of other neurodevelopmental disorders, may arise from 
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dysfunction of the frontostriatal system of the frontal lobes (Bradshaw & Sheppard, 2000; 

Taurines et al., 2012).  While parent interview and behavioral rating scales are well-validated 

and frequently used, they are susceptible to respondent bias and clinician bias.  Additionally, 

these scales do not capture the neurobiological component that seems to be present in ASD 

(Allen, Robins, & Decker, 2008).   Diagnosis and assessment of ASD should incorporate 

objective measures designed to test brain functioning of individuals with ASD, particularly the 

executive functions of the frontostriatal system of the frontal lobe.    

In sum, ASD is typically diagnosed by a team of professionals using a combination of 

subjective measures such as rating scales and clinician observation.  These measures do not take 

into account the neurological component that seems to be present and are subject to bias.  

Therefore, objective measures of the neurological deficits of ASD are needed to enhanced 

assessment reliability and validity and to decrease misdiagnosis.  

1.2 Neurodevelopmental Disorders Impacting Frontostriatal Function 

The frontostriatal system of the frontal lobe of the brain is responsible for carrying out 

goal-directed behaviors properly.  In an ever-changing environment, this system must be flexible 

to incoming stimuli-- inhibiting inappropriate responses, switching between tasks, selecting 

appropriate responses, and planning behaviors.  These “executive functions” must be efficiently 

coordinated and constantly regulated.  Theories of executive functioning and attentional 

processing differ.  Some theories conceptualize executive functioning as a unitary construct, 

while others assert that attentional processing relies on a system of independent networks (Raz & 

Buhl, 2006).  

Neurodevelopmental disorders of the frontostriatal system include ASD, schizophrenia 

(SCZ), depression, ADHD, Tourette’s syndrome (TS), and OCD.  The frontostriatal system is 
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vulnerable to a number of disturbances, both neurochemically and structurally.  The 

manifestation of a particular disorder may be a function of the way in which the system is 

compromised as a result of genetics and the environment.  As a result, these disorders do not 

only share common structural abnormalities, but possibly also some etiological genetic factors. 

All of this contributes to their high comorbidity.  In particular, ASD may be comorbid with 

ADHD, TS, OCD, SCZ, and depression (Bradshaw & Sheppard, 2000; Arnsten & Rubia, 2012, 

Frangou, 2014). Because these neurodevelopmental disorders impact the frontostriatal system, 

symptoms tend to overlap, particularly in ADHD and high functioning ASD.  

Hallmark symptoms of ADHD include difficulty maintaining attention, distractibility, poor 

impulse control, and hyperactivity (Biederman, 2005; Parsons, 2014).  As a result, individuals 

with ADHD show deficits in executive functions involving organizing behavior, problem 

solving, and set shifting (Schachar et al., 2000, Tarver, Daley, & Sayal, 2014).  Both individuals 

with ADHD and individuals with ASD may have symptoms including attention deficits, 

hyperactivity, behavioral difficulties, and social skill deficits (Mayes, 2012).  Unfortunately, 

because symptoms of ADHD may be present in both ADHD and ASD, children with ASD are 

vulnerable to being initially misdiagnosed with ADHD (Hartley & Sikora, 2009; Parsons, 2014).  

Early intervention is key to optimum outcomes in ASD, thus, initial misdiagnosis may delay 

crucial treatment for individuals with ASD.  Research has shown that a large number of 

individuals with ASD have co-occurring symptoms of ADHD (Gadow, Devincent, Pomeroy, & 

Azizian, 2005).  Beyond overlapping ADHD-type symptoms, individuals with ASD and ADHD 

have similar secondary comorbid symptoms.  Both individuals with ADHD and individuals with 

ASD show more irritability than normal controls.  Additionally, these individuals have similar 

neurological deficits including executive functioning deficits (Mayes, 2012). 
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Dysfunction in both ASD and ADHD is related to impairment in the frontostriatal system 

which regulates attention, and may be the cause of high symptom overlap in the two disorders 

(Bradshaw & Sheppard, 2000).  Bradshaw and Sheppard argue that the location of disruption of 

the circuit is different in the two disorders, resulting in different expression of EF deficits (2000). 

Several studies have examined executive functioning in ASD and ADHD (Bradshaw & 

Sheppard, 2000; Geurts et al. 2004; Verte et al., 2006; Corbett et al., 2009).  There has been a 

general consensus that executive functioning deficits in ASD are more profound than those in 

ADHD (Geurts et al, 2004; Pennington & Ozonoff, 1996), yet a unique profile of executive 

function deficits for each disorder does not yet exist.  Geurts et al. (2004) directly compared 

individuals with ASD and ADHD across all domains of executive function and found that 

individuals with ADHD showed deficits in inhibiting a prepotent response and verbal fluency, 

while individuals with ASD showed deficits in inhibiting prepotent and ongoing responses, 

planning, cognitive flexibility, and verbal fluency.  Other studies have found that the inhibition 

function may discriminate between ASD and ADHD, with inhibition being preserved in 

individuals with ASD (Pennington & Ozonoff, 1996; Russell, Jarrold, & Hood, 1999; Verte et 

al., 2006).  

Though comorbidity of these two disorders was not recognized in previous versions of the 

DSM, the DSM 5 recognized the potential comorbidity of these two disorders, and allows for the 

combined diagnosis of ASD and ADHD if an individual meets criteria for both (APA, 2013).  

Misclassification of children with ASD and ADHD is of concern-  children with ASD may be 

potentially misclassified with ADHD and vice versa (Gadow, Devincent & Pomeroy, 2005; 

Reirsen, Constantino, Volk & Todd, 2007; Parsons, 2014). 
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In sum, high symptom overlap, high comorbidity rates, and the increased risks for 

individuals with one disorder of developing symptoms of the other disorder point to a strong 

connection between ASD and ADHD.  High symptom overlap of ASD and ADHD can pose a 

challenge to diagnosis, and consequently, to treatment.  Therefore, a greater understanding of 

syndrome-specific patterns of attention deficits is needed to facilitate diagnosis and treatment of 

ASD and ADHD (Parsons, 2014).  Findings may aid caregivers in diagnosis and subsequently 

treatment planning. 

1.3 Executive Functioning in Autism Spectrum Disorder 

Thus far, the etiology of ASD has remained elusive, but a number of theories do exist.  The 

similarities between behavior in individuals with ASD and those with frontal lobe lesions gave 

rise to the executive dysfunction theory of ASD.  Executive functions are accomplished by the 

supervisory attentional system of the frontal lobes and include: planning, decision making, 

inhibitory control, and working memory (Baddeley 1996; Baddeley& Hitch, 1974; Norman & 

Shallice, 1986).  The executive dysfunction theory of ASD has been studied in recent years as a 

way to understand the relationship between neurological deficits and behavior.  The theory of 

executive dysfunction in ASD may account for a number of symptoms including: repetitive 

behaviors, need for sameness, lack of impulse control, and difficulty switching between tasks 

(Robinson et al., 2009).  Executive dysfunction in ASD has been linked to more severe ASD 

symptoms as well as poorer adaptive function (Rosenthal et al., 2013).  The executive 

dysfunction theory of ASD has been supported in a number of studies, and executive functioning 

tasks that have been shown to differentiate between individuals with ASD and typically 

developing individuals include:  The Tower of London Task (Ozonoff, 1991, Robinson et al., 

2009), the Hayling Test (Burgess & Shallice, 1997; Hill & Bird, 2006), the Windows Task 
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(Russell, Mauthner, Sharpe, & Tidswell, 1991; Robinson et al., 2009), and The Wisconsin Card 

Sorting Task (Ozonoff, 1997).   

The assessment of the supervisory attention networks necessary for automatic and 

controlled processing is a key point of research in the measurement of executive functions.  The 

supervisory attentional networks have historically been conceptualized in terms of automatic and 

controlled processing (Fisk & Schneider, 1981).  Automatic processing is thought to be outside 

of the individual’s direct control, requiring little effort and is parallel.  In contrast, controlled 

processing is thought of as under the individual’s control, requiring effort, and is serial (Scheider 

& Shriffin, 1977).   

Inhibition, the ability to suppress irrelevant or interfering impulses, is an example of 

controlled processing that may be impaired in individuals with ASD (Lopez, Lincoln, Ozonoff, 

& Lai, 2005; South, Ozonoff, & McMahon, 2007).  Some authors suggest inhibition may be an 

early deficit that may be linked to theory of mind deficits in individuals with ASD (Carlson & 

Moses, 2001; Carlson Moses & Claxton, 2004). Thus, this deficit may also underlie repetitive 

behaviors, obsessionality, and context-inappropriate behaviors (Schmitz et al., 2006; Kana et al., 

2007).  Deficits of inhibition have been found at various levels. For example, inhibition of a pre-

potent (i.e., overlearned) response using Go/NoGo tasks and the NEPSY Knock-Tap task 

(Ozonoff et al., 1994; Christ, Holt, White, & Green, Schmitz et al., 2006; Happe et al., 2006). 

Luna et al., 2007, found deficits in eye-movement inhibition tasks.  Cognitive inhibition may 

also be impaired relative to normal controls using the Stroop task (Ozonoff, Pennington, & 

Rogers, 1991; Prior & Hoffman, 1990, Kleinhans, Akshoomoff, & Delis, 2005; Geurts et al., 

2004; Ames & Jarrold, 2007). Further, functional differences have been found between 

individuals with ASD and neurotypical controls using the classic Stroop task (Kana, Keller, 
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Minshew, & Just, 2007).  Using an fMRI scanner, Anagnostou (2006) found that individuals 

with ASD displayed decreased activation of the caudate nucleus and anterior cingulate cortex, 

perhaps linking deficits of the frontostriatal system to repetitive behaviors. Schmitz et al. (2006) 

also showed that individuals with ASD exert more effort during inhibition task via heightened 

activation in the left insla and left inferior and orbital frontal gyrus. 

Disparate evidence also exists for the role of deficits in inhibition in autism. A  number of 

studies have failed to find differences in persons with ASD compared to neurotypical controls 

using tasks of motor and cognitive inhibition (i.e. Stroop tasks and Go/NoGo tasks; Hill 2004, 

Raymaekers, Antrop, van der Meere, Wiersema, & Roeyers, 2007, and Goldberg et al., 2005).  

However, these findings could be due to differences in methodology (Hill, 2004).  Nevertheless, 

the role of inhibition in the automatic and controlled processing of ASD remains to be 

elucidated.  Further, Hill (2004) calls for more research on the executive performance of 

individuals with ASD in real-world environments in order to develop a more accurate picture of 

the executive deficits typical of individuals with ASD.    

Specific patterns of executive deficits may serve as important diagnostic indicators when 

distinguishing between individuals with ASD and individuals with ADHD or other 

neurodevelopmental disorders impacting frontostriatal function.  Although the specific pattern of 

executive function deficits in ASD is unclear, the more firm conceptualizations about executive 

functioning in ASD reflect a disturbance of ‘‘social executive’’ processes (i.e., hot executive 

functions).  Because traditional tasks of executive functioning do little to recruit hot executive 

processes, findings concerning executive functioning in ASD may be incomplete. In sum, the 

literature on executive functioning in ASD is somewhat mixed. Additional research using more 
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highly controlled assessment tools capable of eliciting hot executive functions is needed in order 

to delineate the role of the executive functions in ASD.    

1.4 Hot and Cool Executive Functions 

Executive function deficits may arise from any number of perturbations in the 

frontostriatal system of the prefrontal cortex (PFC).  The PFC can be broadly divided into the 

dorsolateral prefrontal cortex (DL-PFC) and the orbitofrontal cortex (OFC).  Zelazo and Muller 

(2002) highlight the distinction between “hot” and “cool” executive functions.  Hot executive 

functions are thought to arise from the OFC and be associated with affective responses, while 

cool executive functions are described as more purely cognitive and arise from the DL-PFC 

(Metcalf & Mischel, 1999).  While damage to the DL-PFC tends to result in the more classically 

defined executive function deficits, damage to the OFC often results in inappropriate behavior in 

social and emotional domains (Zelazo & Muller, 2002).  

The DL-PFC’s connectivity includes the thalamus, dorsal caudate nucleus of the basal 

ganglia, hippocampus, and posterior areas of the temporal, parietal, and occipital lobes.  Through 

these connections, sensory and mneumonic information is integrated and intellectual functioning 

is regulated (Fuster, 1989).  The OFC includes orbital and medial areas of the PFC and has 

connections with the amygdala and various other areas of the limbic system.  Thus, the OFC is 

able to integrate affective information and regulate motivated behaviors (Zelazo & Muller, 

2002).  Cool executive function of the DL-PFC is generally elicited by abstract problems lacking 

context, but hot executive function is elicited by events that have a high level of affective 

involvement and demand flexible conceptualizations of the stimuli.  

Researchers have attempted to understand neurodevelopmental disorders such as ASD 

and ADHD in terms PFC dysfunction resulting in executive functioning deficits. This view is 
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problematic, however, due to the broad definition of executive function and the unique profile of 

symptoms these disorders produce (Zelazo & Muller, 2002).  Zelazo and Muller (2002) suggest 

the distinction between hot and cool executive functions may be helpful in understanding the 

relationship of executive dysfunction to neurodevelopmental disorders.  They present ASD as 

primarily associated with hot executive dysfunction, with cool executive dysfunction being a 

secondary consequence.  In other words, because the OFC develops prior to the DL-PFC, 

perturbations to the OFC or its connections may impair development of the DL-PFC, producing 

further executive deficits.  Alternatively, ADHD is presented as a disorder of cool executive 

function.  The major symptoms associated with ADHD arise from impaired cool executive 

function which mediates the ability to regulate attention and behavior and use higher-order goals.  

Because the DL-PFC develops after the OFC, a disturbance in the DL-PCF does not impact 

development of the OFC and the affective functions that are impaired in ASD are preserved in 

ADHD.   

Research on executive function in ASD has largely found that individuals with ASD 

perform worse than IQ-matched controls on tests of executive function.  These studies do not 

make the distinction between hot and cool executive function, but rather examine global 

executive funtion, making it difficult to determine the precise region of dysfunction.  The 

greatest difference between controls has been found in tasks demanding cognitive flexibility.  

Allen and Courchesne, 2001 suggest that this deficit in cognitive flexibility may explain the 

social deficit of ASD, because social situations require rapid attention shifting between persons.  

In addition, it has been suggested that the earliest symptoms of ASD reflect deficits in the limbic 

system (Dawson et al., 1998).  This early dysfunction may therefore disrupt the OFC producing 
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hot executive function deficits, in turn disrupting the development of the DL-PFC and higher 

executive function (Zelazo & Muller, 2002).  

While the distinction between hot and cool executive function can be made, it is 

important to remember these two constructs are two parts of a single executive system operating 

in the PFC.  Most neuropsychological tasks tapping executive function are geared toward cool 

executive function, while most real-life executive functioning depends on both hot and cool 

executive function. For example, decision making is usually made in the context of some type of 

affective response (hot executive function).  Thus, assessments of executive function which tap 

both hot and cool executive function may more accurately represent real-world functioning.  

1.5 Traditional Measures of Executive Function in Autism  

Previous research on executive functions of ASD has relied heavily on paper-and-pencil 

measures.  While these measures are well validated and provide precise control over 

experimental conditions, they have been criticized as lacking ecological validity (Parsons, 

Courtney, & Dawson, 2013).  Ecological validity refers to the degree to which a structured 

testing environment is similar to the real word and its ability to predict real-world functioning 

and is demonstrated by veridicality (i.e., the extent to which tests predict real-world behaviors) 

and verisimilitude (i.e, the degree to which the data collection method is similar to real-life tasks; 

Parsons, 2011).  These critics question the ability of paper-and-pencil tasks to assess the complex 

and integrated functioning required for successful daily functioning (Wilson, 1993; Chaytor & 

Edgecombe, 2006).   

Paper-and-pencil tasks commonly used to test executive functioning of individuals with 

ASD include the Stroop task (Stroop, 1935), the Wisconsin Card Sorting Task (Grand & Berg, 

1985), go/no go tasks, the Trail Making Test (Army Individual Test Battery, 1944) and the 
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Tower of London Test (Shallice, 1982), and the Behavioral Assessment of Dysexecutive 

Syndrome (BADS; Wilson et al, 1998). 

Although these tasks have been well validated, they tasks do not provide adequate 

information about the individual’s functioning in daily life.  Additionally, paper-and-pencil tasks 

are generally poor at eliciting hot executive functions, and thus do not adequately represent 

overall executive functioning.  Neuropsychologists have been slow to embrace technological 

advancements that may improve upon the shortcomings of paper-and-pencil measures.  An 

example of a highly validated paper-and-pencil measure which may be improved upon by the 

advent of technology is the Stroop Task (Stroop, 1935). The classic paper-and-pencil Stroop task 

consists of three cards with multi-item blocks of stimuli.  The three traditional conditions are 

color naming, word reading, and interference (naming the ink color printed in an incongruent 

color word).  Most Stroop tasks are scored by comparing the individual’s performance at 

baseline (i.e., color reading and word naming conditions) with their performance on the 

interference condition.  The interference condition elicits a longer reaction time which has been 

named the “Stroop interference effect.”  This Stroop interference effect is thought to measure 

attentional control and executive functioning (Uttl & Grad, 1997).  The theory of the Stroop 

interference effect is that reaction time is slowed by switching from automatic to controlled 

attentional processing.  The typical pattern of Stroop reaction time results is 1) word reading 

(fastest, automatic processing); 2) color naming (slower than word reading, automatic 

processing); and 3) interference (longest reaction time, controlled processing due to the 

inhibition of a prepotent response; Parsons, 2013). 

The Stroop task requires both automatic (word reading, color naming) and controlled 

(interference) processing.  From an automatic and controlled processing viewpoint, the 
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interference condition requires controlled processing and is thus slower than color naming and 

word reading (all-or-none automatic processing).  Aside from Shriffin and Schneider’s (1977) 

explanation, Macleod and Dunbar (1988) and Kahneman (1973) have asserted different 

conceptualizations of the Stroop effect.  

Macleod and Dunbar (1988) assert that automaticity develops in respect to the amount of 

training on a particular task.  In the Stroop task, for example, literate adults are highly practiced 

in responding to written words through speech.  This training results in highly automatic 

responses to the word reading condition of the Stroop.  Conversely, this learning perspective can 

account for practice effects on the Stroop task as suppressing automatic reading response in favor 

of color-naming becomes increasingly automatic (Dulaney & Rogers, 1994).  

Kahneman (1973) asserted that the automatic and controlled processing of the Stroop 

elicits varying levels of effort.  In this conceptualization, high information load tasks may be 

more automatic in controlled circumstances.  Available processing capacity may also depend on 

other factors such as arousal.  In Kahneman’s conceptualization, individuals may exercise 

control not only over the maintenance of attention but over the intensity of attention.  Effortful 

attention and intensity of attention are top down processes of the supervisory attentional system.  

When attention is threatened, performance monitoring (prefrontal-anterior cingulate) and 

motivational (mesolimbic) systems are activated and integrated (Sarter, Gehring, & Kozak, 2006; 

Parsons, 2013).  

Though traditional Stroop tasks employ a well-validated multi-item presentation, single-

item presentations may be preferable (Davidson, Zacks, & Williams, 2003).  Multi-item 

presentations of the Stroop task may facilitate a learning curve which may lead to greater 

practice effects compared to single-item presentations (Lemay et al., 2004).  On the other hand, 
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single-item presentations allow researchers to counterbalance various trial types, analyze single-

stimuli reaction times, and analyze the number correct for each stimuli.  Computerized versions 

of the Stroop task have been developed in order to accomplish single-item presentation (Parsons, 

Carlew, & Sullivan, 2014).  

1.6 Computerized Measures of Executive Functioning 

Computerized testing has become popular in assessment of executive function in 

individuals with neurodevelopmental disorders impacting frontostriatal function.  This type of 

testing is computer-automated, and involves participant interaction mainly with a computer 

instead of a clinician.  Computerized testing offers a number of enhancements over paper-and-

pencil testing including increased standardization of administration, reliable and randomized 

stimulus presentation, precise response measurement, automated scoring, ease of administration, 

data collection, and scoring (Parsons, Notebart, Shields & Guskewitz, 2009).  One drawback to 

this type of assessment is the controlled laboratory environment in which these tests usually take 

place.  These environments do little to replicate real-world conditions, and therefore have been 

criticized as lacking ecological validity.  Current computerized tests of neurocognitive 

functioning include: CogSport (CogState, 1999), Immediate Post-Concussion Assessment and 

Cognitive Testing (ImPACT; Lovell et al., 2000), Automated Neuropsychological Assessment 

Metrics (ANAM; Johnson et al., 2008), HeadMinder (Erlanger et al., 1999), and the Cambridge 

Automated Neuropsychological Test and Battery (CANTAB; Cambridge Cognition, 1996).   

A computerized test which has been used in research with individuals with ASD is the 

CANTAB (Cambridge Cognition, 1996).  The CANTAB is a computer-automated test of 

executive functioning that is currently used in research of typically developing individuals 

(Luciana & Nelson, 2002) as well as individuals with developmental disorders such as ASD and 
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ADHD (Goldberg, 2005).  The CANTAB improves on traditional measures of EF by offering 

standardized computer administration (controlling for examiner differences), nonverbal 

directions and feedback (eliminating examiner differences and the need to interpret verbal 

information), and touch-screen response.  Additionally, CANTAB tasks have been empirically 

shown to recruit the prefrontal and medial temporal regions of the brain (Luciana & Nelson, 

2002).  Goldberg (2005) used three tasks from the CANTAB to compare set shifting, planning, 

working memory, and inhibition in individuals with ASD, ADHD, and typically developing 

individuals.  Compared to typically developing individuals, individuals with ASD and ADHD 

showed impaired performance on spatial working memory, but preserved function in other 

domains of executive functioning.  

 Another recently developed test of executive functioning is the Automated 

Neuropsychological Assessment Metrics (ANAM; Johnson et al., 2008).  The ANAM has been 

used widely and validated in populations with multiple sclerosis, Parkinson’s disease, 

Alzheimer’s dementia, and TBI (Kane, Roebuck-Spencer, Short, Kabat, & Wilken, 2007; Ivins, 

Kane, & Schwab, 2009).  Computer administered tests of executive functioning such as the 

ANAM and the CANTAB improve upon traditional paper-and-pencil administered tests of 

executive functioning by increasing standardization of administration, increased accuracy and 

automation of scoring, ease of administration and scoring, and reliable and randomized 

presentation of stimuli (Schatz & Browndyke, 2002).  An unfortunate limitation of computer- 

administered tasks of executive function is that these tasks do not replicate the environment in 

which individuals must perform cognitive operations in the real-world.  This may be particularly 

salient in the assessment of individuals with neurodevelopmental disorders impacting 

frontostriatal function.  Computerized tasks often lack the complexity of the real-world.  These 



18 

tasks take place on an otherwise blank computer screen in a quiet laboratory or clinical setting 

and do not control for real-world distractions (e.g., a car passing by or a person sneezing in the 

background).  Further, standard batteries of neuropsychological assessment tend to isolate 

components of neuropsychological functioning, which may not accurately reflect the distinct 

cognitive domains found in neurodevelopmental disorders impacting frontostriatal functioning 

(Wilson, 1993; Dodrill, 1999; Parsons, Rizzo, & Buckwalter, 2004; Parsons et al., 2005).  These 

limitations may diminish the predictive validity of computerized tasks, which may impair proper 

diagnosis, assessment, and treatment planning (Parsons, Carlew, & Sullivan, 2014).  

Individuals with ASD have been shown to perform better on some computer-

administered measures than human-administered paper-and-pencil measures relative to 

neurotypical individuals.  For example, on human-administered paper-and-pencil measures of 

cognitive flexibility, individuals with ASD tend to be highly perseverative compared to 

neurotypical individuals as well as individuals in other clinical populations such as ADHD, 

Tourette’s syndrome, and dyslexia (Semrud-Clikeman, Walkowiak, Wilkinson, & Butcher, 2010; 

Mayes, Calhoun, Mayes, & Molitoris, 2012). The Wisconsin Card Sorting Task (WCST) is one 

such measure on which individuals with ASD have differential performance based on modality. 

This task requires participants to sort cards according to three possible rules (color, shape, or 

number).  Participants are given feedback (via the human administrator) telling them whether 

they are correct or incorrect in their sorting.  Unbeknownst to the participant, the sorting rule 

changes periodically.  Perseveration occurs when the participant fails to alter their responses 

after the sorting rule changes.  An often overlooked aspect of this task is the high degree of 

social interaction involved.  Ozonoff (1995) conducted a study examining the reliability and 

validity of a computerized version of the WCST in individuals with ASD.  Compared to the 
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paper-and-pencil version of the WCST, participants showed attenuated levels of perseveration on 

the computerized WCST.  Ozonoff (1995) hypothesized this may be due to the lack of social 

interaction in the WCST, and the executive functioning deficits found in the human-administered 

version may be a function of the testing situation. 

Given these points, computer-based assessments may be particularly helpful in assessing 

individuals with ASD.  However, these measures have a number of short-comings (e.g., a lack of 

veridicality and verisimilitude) that may limit predictive validity of assessment findings.  A 

potential improvement upon laboratory-based computer measures that may still hold the same 

benefits when assessing individuals with ASD is simulation technology.   

1.7 The Evolution of Neuropsychological Assessments of Autism 

Historically, neuropsychologists working with persons with ASD have been called upon 

to make inferences about the etiology of brain dysfunction based on a given patient’s pattern of 

cognitive strengths and weaknesses.  Traditional neuropsychological tests reflect this function of 

detecting and localizing neurological deficits.  As neuroimaging techniques develop and become 

more popular, the role of clinical neuropsychologists has evolved from that of localizing lesions 

to making predictions about the level of impairment resulting from neuropathology, the amount 

of support the patient needs, and how the patient is expected to function in everyday life.  

Though neuropsychological tests are employed to aid in the diagnosis of some disorders (e.g. 

Alzheimer’s dementia and ADHD), the primary role of neuropsychologists has shifted (Parsons 

2011).  

Though the role of the clinical neuropsychologist has changed, the instruments used to 

measure neurological functioning in persons with ASD have largely remained the same.  Thus, 

tests originally designed to answer questions of detection and localization are now being used to 
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predict real-world functioning, despite having little empirical support for this purpose.  Chaytor 

and Schmitter-Edgecombe’s (2003) review of the ecological validity of neuropsychological tests 

highlighted the need for enhanced ecological validity due to the importance of 

neuropsychological predictions of functioning in patients’ lives.  

1.8 Ecological Validity 

Ecological validity can be defined as the “functional and predictive relationship between 

the patient’s performance on a set of neuropsychological tests and the patient’s behavior in a 

variety of real world settings” (Sbordone, 1996, p. 16).  Two methods to addressing the 

ecological validity of a test are commonly utilized: verisimilitude and veridicality (Franzen & 

Wilhelm, 1996).  Verisimilitude represents the agreement between the theoretical cognitive 

demands of a particular neuropsychological task and the cognitive demand of the actual 

environment.  Tests with high verisimilitude tend to be highly face-valid and attempt to simulate 

the cognitive tasks faced in everyday life.  These tasks tend to ignore etiology and focus solely 

on the identification of deficits in performing everyday tasks.  A danger of tests with high 

verisimilitude is that they may miss individuals with neuropathology who are able to perform 

everyday tasks without much difficulty.  Examples of tests with high verisimilitude include the 

Behavioral Assessment of Dysexecutive Syndrome (BADS; Wilson et al, 1996), the Test of 

Everyday Attention (Robertson, Ward, Ridgeway, & Nimmo-Smith, 1996), and the Rivermead 

Behavioral Memory Test (RBMT; Wilson, Cockburn, & Baddeley, 1985).  Individuals with 

neurocognitive deficits impacting everyday function would be expected to perform poorly on 

these measures, but to improve with rehabilitation (Chaytor & Schmitter-Edgecombe, 2003).  

Another approach to ecological validity, veridicality, refers to the empirical relationship 

between existing tests and measures of everyday functioning (Franzen & Wilhem, 1996). 
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Traditional neuropsychological measures with high veridicality would therefore be statistically 

related to other measures of real-world functioning (e.g., clinician ratings, employment status, 

etc.).  Chaytor and Schmitter-Edgecombe (2003) reviewed the ecological validity of 

neuropsychological tests using the approaches of verisimilitude and veridicality.  While most 

traditional tests proved to have moderate ecological validity, what abilities are being predicted 

remains unclear.  Burgess et al. (2006) note that we still do not know which particular situations 

require abilities measured by particular tests.  

1.9 Simulation Technology 

While paper-and-pencil and computerized measures may provide adequate control, 

predictive value may be compromised by the lack of ecological validity.  These measures do not 

replicate the complexity of the worlds in which individuals live and interact.  Therefore, 

outcomes of this type of assessment may not accurately represent deficits in cognitive 

functioning.  Simulation technologies (e.g. virtual reality) may improve upon the shortcomings 

of paper-and-pencil and computer-based assessment by providing a highly ecologically valid yet 

scientifically controlled testing environment (Parsons, Bowerly, Buckwalter & Rizzo, 2007; 

Parsons & Courtney, 2011; Parsons, 2011, Parsons & Reinebold, 2012).  For example, virtual 

reality technology is a human-computer interface in which users may be immersed in and 

interact with a computerized environment (Parsons, 2011).   

Simulation technologies offer a number of advantages over traditional methods.  Virtual 

environments enhance verisimilitude by immersing the subject in a highly-controlled 

environment that replicates an environment the subject is likely to be placed in regularly and 

allowing increased complexity via controlled distractions.  Further, virtual environments enhance 

assessment reliability by controlled presentation of stimuli (and distractors); precise, objective 
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measurement of participant responses and behaviors (e.g., head turning, visual attention); and 

training effects (Parsons, 2011).  Simulation technologies may also increase neuropsychologists’ 

capacity to examine “hot” and “cool” executive functions by presenting extraneous stimuli that 

can elicit emotions such as fear and frustration or add a social component.  

As availability of simulation technology increases via cost reductions, researchers have 

developed more clinically relevant simulation application for the diagnosis, assessment, and 

treatment of a number of physical and cognitive conditions (Parsons, Rizzo, Rogers, & York, 

2009).  Virtual reality programs have been developed to treat cognitive disorders (Parsons et al., 

2009) and assess cognitive processes such as attention (Parsons et al., 2007; Parsons & Rizzo, 

2008b; Parsons et al., 2009); spatial ability (Parsons et al, 2004, Parsons et al., 2013); memory 

abilities (Parsons & Rizzo, 2008c; Knight & Titoy, 2009; Parsons et al., 2013); and executive 

functioning (Armstrong et al., 2013; Parsons et al., 2012; Parsons, Courtney, and Dawson, 2013; 

Parsons and Courtney, 2014).  Additionally, virtual reality applications have been developed to 

assess and treat affective disorders (Powers & Emmelkamp, 2008; Parsons & Rizzo, 2008a).  

The increased verisimilitude offered by simulation assessments may support and assist 

differential diagnosis and treatment planning.  Simulation technologies allow the systematic 

presentation of tasks tapping various cognitive functions beyond the capability of traditional and 

computerized assessments (Parsons, 2011).  Reliability of assessment may be improved by 

virtual environments via tight control of the perceived environment, consistent stimulus 

presentation, and precise and accurate response recording.  Further, virtual environments enable 

the subjective recording and scoring of behavioral responses, increasing specificity of cognitive 

assessment (Gaggioli et al., 2009). 
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Head mounted displays (HMDs) are often used in simulation research.  These displays 

allow the user to experience “presence” in the environment and allow them to view different 

angles of the environment simply by turning their head.  Unfortunately, HMDs can cause cyber-

sickness (headache, nausea, drowsiness, etc.) in some cases and may be considered 

uncomfortable by an individual with ASD (Bellani et al., 2011).  Holden (2005) compared 

desktop virtual environment methods with immersive virtual environment methods and found 

desktop methods to be as effective as immersive methods.  

  To review, simulation technologies may improve upon the issues faced by traditional 

assessment. Advantages of virtual environment assessment include the following: 1) enhanced 

ecological validity via “immersion” in the computerized virtual environment; 2) tight control 

over presentation of environmental distractions; 3) objective recording of behavioral responses; 

and 4) increased reliability via increased control over the participants’ perceptual environment.  

Presently, virtual environments have been developed to assess and treat a range of clinical and 

non-clinical populations (Parsons, Carlew, & Rizzo, 2014).  

1.10 Virtual Classroom 

Attention deficits are common in neurodevelopmental disorders including ASD, ADHD, 

and traumatic brain injury.  Employing simulation technologies in these populations may be 

particularly helpful due to increased control over the participants’ perceptual environment and 

control over distractions, eliminating distractions which are not part of the assessment or therapy.  

Assessment and treatment of individuals with neurodevelopmental disorders and attention 

deficits may benefit from an ecologically valid approach to assessment and treatment capitalizing 

on advances in VR technology which simulate the social-educational aspects of classrooms 

(Parsons, 2014).  
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The Virtual Classroom was designed to study, assess, and rehabilitate cognitive 

functions; and was geared toward individuals with central nervous system damage or 

dysfunction.  The developers of the Virtual Classroom aimed to advance the study of cognitive 

and behavioral processes in typically developing individuals as well as improve the measurement 

and treatment of deficits in clinical populations (Parsons et al., 2007; Parsons, 2014; Parsons, 

Carlew, and Rizzo, 2014; Rizzo et al., 2006).  

The Virtual Classroom includes a head-mounted display (HMD) with which participants 

are immersed in the environment.  HMDs not only serve the purpose of immersion, but also keep 

the participant’s attention focused in the environment by blocking external distractions.  In this 

way, audio, visual, and tactile stimuli are tightly controlled enabling the apparatus to identify 

errors due to distracting stimuli within the environment, and what type of distraction stimuli 

preceded the error.  Further, HMD’s record head movements of the participant to provide an 

objective measure of behavioral attention data.  Using this technology enables researchers to 

differentiate between errors due to inattention and physical movement (head turning).  Thus, The 

Virtual Classroom is able to objectively assess and integrate cognitive and behavioral data, 

improving upon traditional paper-and-pencil and computerized assessments (Parsons et al., 

2007).  However, HMD’s can be somewhat invasive, particularly for populations like ASD who 

may be hypersensitive to tactile stimuli (Mazurek et al., 2013). Fortunately, Holden (2005) found 

that immersive methods (i.e., HMDs) and non-immersive methods (i.e., large desktop computer 

monitors) are equally effective. Thus, HMDs may not be necessary for populations with sensory 

issues.   

The Virtual Classroom project initially focused on the assessment of attention in persons 

with ADHD.  A number of studies using the Virtual Classroom have been successfully 
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accomplished with individuals with ADHD.  Parsons et al. (2007) found that children with 

ADHD made more commission and omission errors, exhibited more overall body movement, 

and were more distracted by distracting stimuli in the environment than typically developing 

children.  This study attests to the Virtual Classroom’s ability to assess both attentional 

abnormalities and behavior abnormalities concurrently.  

Adams et al. (2009) compared performance of individuals with ADHD to typically 

developing individuals on the Virtual Classroom CPT with and without distractors and on a 

traditional computerized CPT task without distractors.  The Virtual Classroom discriminated 

between ADHD and typically developing individuals more precisely than the traditional CPT. 

Specifically, individuals with ADHD made more commission and overall errors than typically 

developing individuals.  Again, real-world distractors within the Virtual Classroom impacted 

performance much more profoundly in the ADHD group than the typically developing group.  

Further, the Virtual Classroom was able to correctly identify 87.5% of typically developing 

individuals, but the traditional CPT only identified 68.8%.  Pollak et al. (2010) also used the 

Virtual Classroom to study individuals with ADHD and found that the participants rated with 

Virtual Classroom as more enjoyable than the TOVA and the traditional CPT.  

The use of the Virtual Classroom has been extended successfully to a number of different 

populations including individuals with traumatic brain injury (TBI; Nolin et al., 2012) and 

Neurifibromatosis, type I, (NF1) a neurological disorder whose symptoms include attention 

deficits (Gilboa et al., 2009).  The Virtual Classroom proved to have greater specificity in 

detecting attention deficits due to TBI than the traditional CPT (Nolin et al., 2012).  

Additionally,  individuals with NF1 performed significantly more poorly than controls on the 
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Virtual Classroom, and their performance was correlated with the Conners’ Parent Rating 

Scales-Revised: Long (CPRS-R:L; Conners, 1997; Gilboa et al., 2009).  

A Spanish version of the Virtual Classroom has also been developed.  Iriarte et al. (2012) 

gathered norms for this version, and Diaz-Orueta (2013) established construct validity using the 

CPT. This Classroom, called the AULA, was able to distinguish between persons with ADHD 

with and without pharmaceuticals.  Additionally, the presentation of distracters within this 

classroom increased reaction time, commission errors, and behavioral inattention in the non-

medicated ADHD group (Diaz-Oreuta, 2013).  

The Virtual Classroom has also been extended to include a Stroop task to measure 

interference control.  The Virtual Classroom Bimodal Stroop task incorporates go/no go 

components and thus assesses not only cognitive inhibition, but also motor inhibition. In a 

validity study, the Virtual Classroom Bimodal Stroop was able to elicit interference effects 

similar to that of the traditional Stroop task.  Perhaps due to a higher demand in processing, 

reaction times in the Virtual Classroom Bimodal Stroop were slower than the traditional Stroop.  

Nonetheless, the Virtual Classroom Bimodal Stroop was shown to validly assess interference 

control (Rizzo et al., 2006).  

Lalonde, Henry, Drouin-Germain, Nolin, & Beauchamp (2013) investigated the Virtual 

Classroom Bimodal Stroop task using neurotypical adolescents. Lalonde et al. found that the 

Virtual Classroom Bimodal Stroop task was associated with performance on the DKEFS 

(unimodal) Color-Word Interference Task, a traditional measure of inhibitory control. 

Furthermore, the Virtual Classroom Bimodal Stroop task was found to be more predictive of 

behavior than traditional measures using the Child Behavior Checklist and the Brief Rating 
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Inventory of Executive Function. Thus, evidence contributing to the construct validity of the task 

was observed as well as confirmation of enhanced ecological validity.    

The Virtual Classroom may be an ideal avenue through which to study the impact of 

distracting stimuli on individuals with ASD through the controlled presentation of real-world 

distractors within the environment.  Individuals with autism may be affected by normal sounds 

and lighting their typically developing counterparts are unbothered by (Kluth 2004; Welton, 

Vakil, & Carasea, 2004). Kluth (2004) documents several cases in which lighting in the 

classroom environment is especially aversive to individuals with ASD. Additionally, normal 

classroom sounds (e.g., children talking, desks scraping on the floor, passing vehicles, etc.) may 

be especially potent to individuals with ASD and cause performance to decrease.  The Virtual 

Classroom is capable of presenting real world distractors such as a knock on the door, a vehicle 

passing by, and people talking in the classroom.  Therefore the Virtual Classroom is able to 

assess attentional capabilities of individuals when in the presence of typical classroom 

distractions, enhancing predictive validity of real-world functioning.  

1.11 Virtual Environments and Autism 

Some researchers have suggested that simulation technology may be especially useful in 

populations with ASD.  Parsons and Cobb (2011) reviewed the state of virtual reality use in 

populations with ASD and concluded that current research supports this claim.  A number of 

studies have been conducted that confirm the utility of using simulation technologies to assess 

ASD (Parsons et al., 2009).  Max and Burke (1997) conducted a study specifically investigating 

the distractibility and time spent on task children with ASD displayed while using a virtual 

environment.  In this study, children with ASD were less distracted and spent more time on task 

than the non-ASD control group.  Two other studies examined the level of acceptance children 
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with autism had for using virtual environments.  In both of these studies, individuals in the ASD 

groups showed appropriate attention and complied with examiner requests (Strickland et al., 

1996; Strickland, 1997).  Additionally, individuals with ASD who lack motivation (a common 

trait in individuals with ASD) may be more motivated by simulation technologies due to a 

reported attraction to computers (Trepagnier, 2005; Hart, 2005).  

 Some researchers have begun to explore the use of virtual environments in the treatment 

and rehabilitation of individuals with ASD.  One of the most promising uses for virtual 

environments in this population is social skills training.  Tartaro and Cassell (2006) have 

developed the Authorable Virtual Peer (AVP), a virtual human character capable of interacting 

(talking with, giving feedback, etc.) to participants.  Tartaro and Cassell (2007) employed the 

AVP for social skills training in a population with ASD.  The AVP uses a collaborative story-

telling paradigm and allows the user to practice skills such as initiating conversation, presenting 

topics, and maintaining conversation.  Tartaro and Cassell (2008) compared individuals’ with 

ASD conversational performance when engaged with typically developing peers and when 

engaged with the AVP.  When compared to discourse with typically developing peers, 

individuals with ASD were able to communicate more effectively over time with the AVP.  

Thus, the AVP provides an effective learning opportunity for individuals with ASD.   

While the use of simulation technology has been investigated predominately in the 

context of therapy and rehabilitation, investigation into its use as an assessment instrument in 

populations with ASD is somewhat less common.  The arguments for using simulation 

technology for assessment of ASD are similar to those for using simulation technology for 

therapy and rehabilitation.  Individuals with ASD have shown interest in and appropriate 

understanding of virtual environments.  Further, one could argue that individuals with ASD may 
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be more effectively assessed using simulation technology due to findings in Ozonoff’s (1995) 

study suggesting individuals with ASD perform differently (i.e., better) on computer-based tasks 

than the same tasks that are human-administered. This finding combined with the enhanced 

ecological validity offered by virtual environments suggests virtual environments may be ideal 

for the assessment of ASD.  

1.12 The Current Study 

 Neuropsychological assessment of executive functioning relies heavily on traditional 

paper-and-pencil measures to evaluate functioning.  In recent years, computerized assessment of 

executive functioning has become more popular.  Computerized assessments improve upon 

traditional assessments by offering increased standardization of administration and enhanced 

computation power, among other things.  Though these measures are highly validated, their 

predictive value is diminished due to a lack of ecological validity.  Paper-and-pencil and 

computerized measures do not examine functioning in the context of real-world situations.  Thus, 

with these measures, it is difficult to test “hot” executive functions presumed to be central to the 

deficits of ASD and difficult to predict overall executive functioning in everyday life.  

 Simulation technologies may build upon paper-and-pencil and computerized measures by 

enabling researchers and clinicians to administer tests of executive functioning within an 

ecologically valid environment.  Further, the ability to enable or disable distractions within the 

environment allows the researcher and clinicians to examine both hot and cool executive 

functions within an environment with added complexity and frustrations.  

 The Virtual Classroom for the assessment of frontostriatal function may be especially 

beneficial to individuals with ASD for a number of reasons.  First, the ambiguity of the literature 

on executive functioning in ASD highlights the need for more sensitive and specific assessments 
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of executive functioning.  Second, individuals with ASD may be especially motivated by novel 

computerized measures, leading to a more accurate record of their attentional capabilities. Third, 

the Virtual Classroom is a novel test of both motor and cognitive inhibition which may be 

impaired in ASD.  Finally, the Virtual Classroom is able to assess hot executive functions by 

assessing the individual in a social setting (i.e., the classroom) with potentially frustrating stimuli 

(i.e, the distractors).  

The current study examined automatic and controlled processing of individuals with high 

functioning ASD using the Virtual Classroom Stroop task. Paper-and-pencil measures, 

computerized measures, and the Virtual Reality classroom was employed and compared to 

examine construct validity of the Virtual Reality Classroom in a population with ASD.  

Performance between individuals with ASD and neurotypical individuals was compared to 

examine potential executive deficits.  In addition, performance within the Virtual Reality 

Classroom with and without ecologically valid distractors was compared.  

Our goal was to conduct the initial pilot study of a Virtual Classroom scenario that 

employs a Stroop task for the assessment of ASD. As such, the specific design parameters of the 

study (sample size, inclusion and exclusion criteria, etc.) correspond to the 

early stage of this tool’s development. The exploratory nature of the study and results is 

underscored. 

1.13 Research Questions and Hypotheses 

Research Question 1: Does test performance on the Virtual Classroom resemble test performance 

on traditional neuropsychological assessments?  

In addition to the Virtual Classroom Stroop, validated paper-and-pencil and computerized 

Stroop tasks will be administered.  The Virtual Classroom Stroop task is thought to tap the same 
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processes as the paper-and-pencil and computer version, but it also differs in the modality used 

in presenting and responding to stimuli.  

Research on the executive functioning of individuals with ASD has produced quite mixed 

results.  This may be due to the heterogeneity of the disorder and its symptoms and the wide 

range of functioning associated with individuals with ASDs.  However, research on executive 

functioning in individuals with ASD has primarily employed traditional measures of executive 

functioning, with some research using computerized measures reveal differences based on 

modality (e.g., Ozonoff, 1997).  Because virtual reality has been limited in its use with 

individuals with ASD for the purposes of assessment, we propose the Virtual Reality Classroom 

may be an ideal avenue by which to examine the differences in executive functioning between 

the paper-and-pencil, computerized, and virtual reality measures in individuals with ASD.  

Hypothesis 1: The Virtual  Classroom Stroop task will elicit a classic “Stroop 

effect” (i.e., decreased processing speed in controlled versus automatic processing; 

Shiffrin & Schneider, 1977) similar to that found in traditional Stroop tests in both ASD 

and neurotypical groups. 

Hypothesis 2: Individuals with ASD will perform significantly more poorly (i.e., 

greater response times and lower accuracy; greater interference effect) than neurotypical 

individuals in the Virtual Reality Classroom due to being immersed in a social situation 

and increased complexity of the task. 

Research Question 2: How does assessing a participant in an ecologically valid environment 

change the way in which they perform on measures of executive functioning?  

A chief complaint against paper-and-pencil and computerized measures of executive 

functioning is their dearth of verisimilitude.  The Virtual Classroom seeks to improve upon these 
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measures by not only assessing participants within a virtual environment but also by introducing 

ecologically valid distracters. The introduction of ecologically valid distracters can serve several 

purposes: 1) to examine changes in executive functioning with an increase in environmental 

complexity, 2) to tap both hot and cool executive functioning (described above), and 3.) to 

examine the physical reaction (e.g., head turning) of distraction on individuals.  

 Hypothesis 3: The inclusion of distractors in the Virtual Classroom will 

negatively affect user performance (i.e., greater reaction times and lower accuracy) in 

both populations. This difference will be significantly greater in the population with ASD 

than in the typically developing population. 

Research Question 3: Does the Virtual Classroom increase ecological validity?   

 The Virtual Classroom aims to increase ecological validity to better predict real-world 

functioning.  Performance on the Virtual Classroom with and without distractors will be 

compared to scores on a measure of real-world functioning, the Autism Quotient (Baron-Cohen 

et al., 2001) to determine if the Virtual Classroom successfully enhances the prediction of real-

world executive functioning by assessing individuals within a virtual environment with 

ecologically valid distractors.  

Hypothesis 4: Performance on the Virtual Classroom Stroop task with distractors 

predict scores on the Autism Quotient better than other Stroop modalities.  
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CHAPTER 2 

METHOD 

2.1 Design 

The current study used a mixed within and between groups design to examine differential 

performance on the Virtual Classroom as compared to traditional measures. Group membership 

(Autism spectrum disorder vs. neurotypical) is the between-groups factor.  The within-groups 

factors are performance measures (e.g. reaction time, omission errors, commission errors, 

response variability) and task modality (i.e., paper-and-pencil, computerized, virtual 

environment).   

2.2 Participants 

 The study sample included 9 participants diagnosed with ASD aged 18 years and older 

and 10 typically developing participants aged 18 years and older.  Participants were recruited 

from the Kristen Farmer Autism Center (KFAC), the University of North Texas, and the 

surrounding community.  

2.2.1 Inclusion Criteria 

 Participants in the ASD group must have had a confirmed diagnosis of ASD, classified as 

high-functioning, and were over the age of 18.  Participants in the neurotypical group must have 

been over the age of 18.  

2.2.2 Exclusion Criteria 

 Exclusion criteria were enforced to minimize possible confounding effects of comorbid 

factors which may impact cognition, including some psychiatric and neurologic conditions (e.g., 

epilepsy, Tourette’s syndrome, traumatic brain injury, etc.).  
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2.3 Measurement Approaches 

2.3.1 General Cognitive Functioning 

An estimate of each participant’s Full Scale Intelligence Quotient was obtained by 

administering the Wechsler Abbreviated Scale of Intelligence- Second Edition (WASI-II; 

Wechsler, 2011).  This test is composed of four subtests assessing verbal comprehension and 

perceptual reasoning.  The Block Design subtest consists of 13 items and measures an 

individual’s ability to analyze and synthesize abstract visual stimuli by having them manipulate 

small blocks to match a visually presented stimulus.  The Vocabulary subtest is made up of 31 

orally and visually presented items that measure an individual’s crystallized verbal knowledge. 

During the Matrix Reasoning subtest, examinees are instructed to select a response that 

completes an incomplete matrix or series. This subtest consists of 30 items and measure fluid 

intelligence, spatial ability, and perceptual processing abilities. The Similarities subtest is made 

up of 24 items in which the examinee is asked to describe the similarities between two objects or 

concepts (e.g., “How are a cat and a dog alike?”). This subtest measures concept formation and 

verbal reasoning.  

2.3.2 Delis Kaplan Executive Functioning System Stroop Test   

The Color Word Interference Test from the Delis-Kaplan Executive Functioning System 

(D-KEFS; Delis, Kaplan, and Kramer, 2001) is a multi-item paper-and-pencil presentation of the 

classic Stroop test. Each participant will be presented with 4 cards administered in the following 

order: (1) “color naming card” consisting of 50 blocks of color (green, red, and blue), (2) “word 

reading” care with 50 color names (green, red, and blue) printed in black ink, (3) “color-word 

interference” card with 50 color name (green, red, and blue) printed in a discrepant ink color, and 

(4) “color-word interference/switching” card in which the participant performs the same task as 
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in the color-word interference condition unless words are enclosed in a box.  Per the D-KEF 

manual, the examiner will time each stimulus card and note incorrect (including self-corrected) 

responses.   

2.3.3 Automated Neuropsychological Assessment Metrics Stroop Task 

  The Automated Neuropsychological Assessment Metrics (ANAM) Stroop task (Johnson 

et al., 2008) is a single-item presentation Stroop task that requires a participant to respond by 

pressing a computer key labeled red, green, or blue to identify a presented stimulus. Each 

participant used a keyboard to respond to the ANAM Stroop task. Before each test, a short 10 

item practice test was given to ensure participant comprehension. The actual test was composed 

of color-naming, word-reading, and color-word interference conditions. In the word-reading 

condition, the words RED, GREEN, and BLUE were presented individually in black type. The 

examinee was instructed to read each word out loud and press a corresponding key for each word 

(1= red; 2- green; 3= blue). In the color-naming condition, a series of XXXXs were presented in 

either red, green, or blue type. The examinee was instructed to say the color of the XXXXs out 

loud and press the corresponding key. Finally, in the color-word interference condition, a series 

of color names (“RED”, GREEN”, or “BLUE”) were presented individually in incongruently 

color type. The examinee was instructed to say the color of the word out loud instead of reading 

the word and press the key corresponding to the color of the word. Examinees were instructed to 

respond as quickly as possible without making mistakes.  Each stimulus appeared only after the 

examinee correctly answered the previous stimulus. The ANAM Stroop (2007) calculated the 

following scores: (1) Color–word score: calculated by (a) multiplying the number of correct 

colors named by the number of correct words named; and (b) dividing the product by the sum of 

number of correct colors named plus the number of correct words named; and (2) Interference 
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score- calculated by subtracting the color-word score from the number correct on the interference 

task.   

2.3.4 Virtual Classroom 

 Participants viewed the Virtual Classroom (Rizzo et al., 2006) on a large computer 

monitor, and a research assistant manipulated a head-mounted display (HMD) to follow the head 

movements of each individual to increase each participant’s sense of “presence” in the 

environment. Visual stimuli could be viewed at all 360 degrees around the participant.  

Participants did not wear HMDs directly due to special sensory considerations in the population 

with ASD.  Within the Virtual Classroom, participants were seated in a desk near the center of 

the environment surrounded by desks, children, a teacher, a window, and a white board.  The 

Virtual Classroom presents distractors in various areas of the classroom. Audio-visual distractors 

include a school bus driving by, a car driving by, a book dropping to the floor, children passing 

notes, a child raising his hand, the teacher answering the classroom door, and the principal 

entering the room. Visual distractors include a paper plane flying through the room.  Audio 

distractors include the sound of paper crumpling, a pencil hitting the floor, an airplane passing 

overhead, a voice from the intercom, the bell ringing, a sneeze and a cough.  These distractors 

are dispersed throughout the left, center, and middle of the classroom. An important feature of 

the Virtual Classroom is its ability to mimic the complexity of the real world in a controlled 

environment.  Individuals are immersed in this environment and are surrounded by desks, 

children, a teacher, and a white board much like they would be in a real-world classroom.  

Additionally, auditory and visual distractors, much like those that would be present in the real 

world can be enabled or disabled, allowing the researcher to manipulate the complexity of the 

environment.  This ability to manipulate complexity in a virtual environment allows 
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neuropsychologists to generalize results of these standard tests to an individual’s real-world 

functioning.   

Stroop task.  The Virtual Classroom Bimodal Stroop task is based on the classic Stroop 

effect which measures cognitive interference. This task also has go/no go components (assessing 

motor inhibition) and external interference control (accomplished via visual and auditory 

distractors). 

The Virtual Classroom Bimodal Stroop task consists of two conditions: a block-based 

condition and a word-based condition.  In the block-based conditions, a series of colored 

rectangles (red, blue, and green) appear on the whiteboard with in the environment while a 

female voice states the names of colors (red, blue, and green). Participants were instructed to 

click a mouse button as quickly as possible when the spoken color matches the color of the 

rectangle on the virtual whiteboard, and to withhold a response if the colors do not match. A total 

of 144 stimuli were presented, with 72 targets and 72 non-targets. Participants  participated in a 

non-distraction and distraction condition of this task. The duration of the block-based condition 

wasa 4.8 minutes with a 1000 millisecond inter-stimulus interval (ISI).  

In the word-based condition, color words were presented on the virtual whiteboard (red, 

blue, and green) in different ink colors (red, blue, and green). These stimuli were congruent (e.g., 

the word “blue” in blue ink) and incongruent (e.g. the word “blue” in red ink).  The colors were 

stated in a female voice as in the block-based condition. Participants were instructed to click the 

mouse when the stated word matched the color of the word presented on the virtual whiteboard, 

and to withhold a response if the stated word and presented ink color do not match. Participants 

will also complete both distraction and non-distraction conditions.  The word-based condition 

was designed to measure cognitive interference in addition the external interference control and 
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motor inhibition assessed by the block-based condition. The duration of this condition was 4.8 

minutes with a 1000 millisecond ISI. A total of 144 stimuli were presented, with 72 targets and 

72 non-targets.  

The complete duration of the Virtual Classroom Bimodal Stroop task was 19.2 minutes. 

Data collected included: 1) mean total reaction time, 2) mean response time (reaction time for 

correct responses), 3)  reaction time variation (standard deviation), 4) response time variation 

(standard deviation), 5) count of correct responses, 6) commission error count, 7) omission error 

count.   

2.3.5 Autism Spectrum Quotient 

 The Autism Spectrum Quotient (AQ) is a brief, self-reported test designed to measure 

traits associated with the autism spectrum in individuals with high-functioning ASD (HFA) and 

typically developing individuals.  The AQ is made up of 50 questions assessing 5 areas of 

functioning (10 questions each): social skills, attention switching, attention to detail, 

communication, and imagination (Baron-Cohen et al., 2001). Baron-Cohen et al. found 

individuals with HFA had a mean AQ score of 35.8 (SD = 6.5), while typically developing 

individuals had a mean score of 16.4 (SD = 6.3).  

2.4 Procedure 

 Participants were recruited from the Kristen Farmer Autism Center, the University of 

North Texas, and the surrounding community.  Participants were tested in the Clinical 

Neuropsychology and Simulation Laboratory at the University of North Texas or the Kristen 

Farmer Autism Center. Each individual completed a consent form and was interviewed for basic 

demographic variables and computer usage. Each participant then completed three versions of 

the Stroop tasks in the following order: the DKEFS Stroop, the ANAM Stroop, and the Virtual 
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Classroom Stroop. Next, participants were administered the WASI-III and the AQ. Upon 

completion of the protocol, each participant was debriefed and given either $30 or SONA credit 

for participation. Each participant was tested individually and given the opportunity to take 

breaks regularly.  
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CHAPTER 3 

RESULTS 

3.1 Data Cleaning 

Prior to analysis, variables to be used in analyses were entered into Microsoft Excel. 

Reaction time variables for the Delis Kaplan Executive Functioning System (unimodal) Color 

Word Interference Test, Automated Neuropsychological Assessment Metrics (unimodal) Stroop, 

and Virtual Classroom Bimodal Stroop were converted to milliseconds. Because each Stroop 

task (DKEFS, ANAM, and Classroom) presents a different number of stimuli, weighted scores 

based on 50 stimuli were produced in order to compare the tasks directly. Color-word scores 

were calculated by multiplying the number of correct responses in color and word naming 

conditions, and then dividing the product by the sum of correct responses in color and word 

naming conditions. Interference scores were calculated by subtracting the color-word scores 

from the number of correct responses in the interference condition. An overall performance 

measure called “throughput” was calculated in order to obtain an index of reaction time and 

accuracy for all participants on all Stroop tasks.  Throughput is calculated as the percent 

accuracy divided by mean reaction time and multiplied by a scaling constant (e.g., 600). 

Throughput is thought to be an ideal way in which to quantify both speed and accuracy in an 

overall performance measure (Thorne, 2006). Subsequently, all variables were entered into 

Statistical Package for Social Science (IMB SPSS Statistics 22) and examined for accuracy of 

data entry, missing values, outliers, skewness, and kurtosis. Outliers were identified as the 

standardized values of a variable greater than a certain cutoff point (z > 3.29). Outliers were 

calculated separately for each group, and treated as missing data. Missing data was judged to be 

missing at random and linear interpolation was used to impute a value for each missing data 
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point. All participants had sufficient data to merit inclusion, and a total of 19 participants were 

included in the analyses (ASD = 9; control = 10).   

Skewness and kurtosis were found to be acceptable for all analyzed variables except 

reaction time variables for all Stroop tasks. Thus, reaction time variables were transformed via an 

inverse function (i.e., 1/reaction time) to produce a measure analogous to “speed.”  The 

assumptions of homoscedasticity was found to be satisfactory via the use of scatterplots. Thus, 

the data did not require transformation.  

3.2 Descriptive Analyses  

To compare participants with ASD to normal controls on demographic variables, one 

way analysis of variance (ANOVA) and chi-square analyses were conducted (see Table 1). One 

way ANOVAS were also employed to compare the ASD and control groups on psychometric 

measures (see Table 2).  

Table 1  

Demographic Characteristics 

ASD (n = 9) Normal (n = 10) 

M SD M SD F p 
Age at Testing 25.78 10.04 18.80 .79 4.83 .04* 
Variables χ² p 
Ethnicity 14.90 ns 
  Caucasian 8 (88.9%) 4 (40%) 
  Hispanic 0 3 (30%) 
  African American 0 2 (20%) 
  Asian 1 (11%) 1 (10%) 

Handedness 8.90 ns 
  Right 7 (77%) 9 (90%) 
  Left 2 (22.2%) 1 (10%) 

Gender 2.579 ns 
  Male 7 (77%) 6 (60%) 
  Female 2 (22.2%) 4 (40%) 
Note. ns = not significant. 
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Table 2  

Comparison of Means for Psychometric Measures between ADHD Group and Normal Control 

Group 

ASD (n = 9) Normal (n = 10) Entire Sample (n=19) 

Measures M SD M SD M SD f p 
WASI-II 
Block Design 49.11 16.14 48.70 8.14 48.89 12.21 .005 ns 
Vocabulary 56.11 14.89 51.50 12.75 53.68 13.61 .529 ns 
Matrix 
Reasoning 

51.89 13.53 50.70 8.22 51.26 10.75 .055 ns 

Similarities 47.44 9.167 48.00 7.80 47.74 8.24 .020 ns 
VCI 102.67 18.57 99.70 16.28 101.11 16.97 .138 ns 
PRI 101 24.72 100 9.93 100.47 17.92 .014 ns 
FSIQ-4 102.00 22.22 99.60 12.03 100.74 17.13 .088 ns 
FSIQ-2 107.00 22.47 101.70 10.99 104.21 17.09 .441 ns 

AQ 28.28 3.55 32.00 2.36 30.24 3.47 7.41 .014 

3.3 Analyses of Hypotheses 

3.3.1 Research Question 1: Does test performance on the Virtual Classroom resemble test 

performance on traditional neuropsychological assessments.  

The first hypotheses were analyzed with 2x3 mixed-model ANOVA.  Group membership 

(neurotypical vs. ASD) were the between-subjects factors and Virtual Classroom Stroop 

condition (color naming, word reading, interference) were the within-subjects factors. The 

dependent variable was speed (the inverse of reaction time). Finally, an additional 2x3 mixed 

model ANOVA was conducted using an overall performance measure to compare ASD and 

Control groups performance on the Virtual Classroom Bimodal Stroop task.  

Hypothesis 1: The Virtual  Classroom Stroop task will elicit a classic “Stroop effect” 
similar to that found in traditional Stroop tests in both ASD and neurotypical groups 
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 The first hypothesis predicted that the Virtual  Classroom Bimodal Stroop task would 

elicit a classic “Stroop effect” (i.e., decreased processing speed in controlled versus automatic 

processing; Shiffrin & Schneider, 1977) similar to that found in traditional Stroop tests in both 

ASD and neurotypical groups. A main effect of Stroop condition was found for the Virtual 

Classroom, F(2, 34) = 44.52, p < .001 (see Figure 1).  To investigate the nature of this main 

effect, paired sample t-tests were employed for both groups. For both groups, conditions of 

automatic processing (word naming) were faster than conditions of controlled processing 

(interference), [ASD = t(8) = 5.47, p = .001; control = t(9) = 5.76, p < .001.]. The Virtual 

Classroom Bimodal Stroop proved to be an effective measure of automatic and controlled 

processing. In both groups, participants performed better (i.e., faster response time) in conditions 

of automatic processing (i.e., color naming and word reading) than controlled processing 

conditions (i.e., interference). Thus, Hypothesis 1 was supported.  

Figure 1. Virtual Classroom Conditions 

Hypothesis 2. Individuals with ASD will perform significantly more poorly than 
neurotypical individuals in the Virtual Reality Classroom due to being immersed in a 
social situation and increased complexity of the task 
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We hypothesized that individuals with ASD would perform significantly more poorly 

than neurotypical individuals in the Virtual Reality Classroom (No Distraction Condition). The 

same 2 x 3 mixed model ANOVA was employed to compare groups on reaction time in the 

Virtual Reality Classroom. No group differences were observed for reaction time in the color-

naming, word reading, or interference conditions. Additionally, a 2 (Group: ASD vs Control) x 3 

(Condition: color naming, word reading, interference) mixed model ANOVA was conducted 

using overall performance as the dependent variable. This ANOVA did not detect significant 

differences between groups (see Figure 2). Thus, Hypothesis 2 was not supported.  

Figure 2. Group Comparison in Virtual Classroom 

3.3.2 Research Question 2: How does assessing a participant in an ecologically valid 

environment change the way in which they perform on measures of executive functioning? 

Hypothesis 3: The inclusion of distractors in the Virtual Classroom will negatively affect 
user performance in both populations. This difference will be significantly greater in the 
population with ASD than in the typically developing population 

 We hypothesized that the inclusion of distractors in the Virtual Classroom will 

negatively affect user performance (i.e., greater reaction times and lower accuracy) in both 
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populations, but this difference would be significantly greater in the population with ASD than in 

the typically developing population. A 2 (Group: ASD and Control) by 2 (Condition: with and 

without distractions) mixed ANOVA was conducted to investigate the effects of the inclusion of 

distracting stimuli within the Virtual Classroom on participants with ASD and neurotypical 

controls. The ANOVA revealed an interaction of group and condition, F(1, 16) = 6.34, p = .023. 

Specifically, performance scores of the group with ASD (M = 58.88; SD = 3.21) were 

significantly lower than performance scores of the control group (M = 71.02; SD = 3.04), F(1, 

17) = 7.54, p = .014, partial η2 = .307 (see Figure 2).  The presence of distracting stimuli seemed

to negatively impact performance in the ASD group relative to the control group. Thus, 

hypothesis 3 was supported (see Table 3). 

Figure 3. Group Comparison in Virtual Classroom with Distraction 

3.3.3 Research Question 3 Does the Virtual Classroom (Distraction Condition) increase 

ecological validity? 

Hypothesis 4. Performance on the Virtual Classroom Stroop task with distractors predict 
scores on the Autism Quotient better than other Stroop modalities 
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 We predicted that performance on the Virtual Classroom Bimodal Stroop task with 

distractors would predict scores on the Autism Quotient better than other Stroop modalities. A 

multiple regression was conducted to predict Autism Quotient (AQ) scores from overall 

performance on the DKEFS, ANAM, VR Classroom, and Virtual Classroom with distractors 

Stroop tasks. The assumptions of linerarity, independence of errors, homoscedasticity, and 

normality of residuals were met. There was independence of residuals, as assessed by a Durbin-

Watson statistic of 2.56. Collinearity statistics indicated no collinearity among independent 

variables. None of these variables significantly predicted AQ scores. Thus, the hypothesis 4 was  

not supported.  



47 

CHAPTER 4 

DISCUSSION 

The specific pattern of executive functioning deficits in Autism spectrum disorder has 

been debated in recent years (Hill, 2004; Lopez, Lincoln, Ozonoff, & Lai, 2005; South, Ozonoff, 

& McMahon, 2007). Specifically, the role of inhibitory processes is particularly convoluted 

(Ozonoff, Pennington, & Rogers, 1991; Prior & Hoffman, 1990, Kleinhans, Akshoomoff, & 

Delis, 2005; Geurts et al., 2004; Ames & Jarrold, 2007). Traditional assessment of ASD 

primarily uses paper-and-pencil and computerized measures that primarily tap into “cool” 

executive functions, while ignoring the “hot” component that may contribute to real-life deficits 

(Zelazo & Muller, 2002). Thus, traditional measures may do little to predict how individuals 

with ASD function in everyday life. In this initial pilot study, we aimed to assess automatic and 

controlled processing in adults with high functioning ASD versus neurotypical controls. The 

primary results were (a) the classic Stroop pattern was observed in the Virtual Classroom 

Bimodal Stroop task with and without distractions; (b) significant differences were not observed 

between individuals with ASD and neurotypical controls on the Virtual Classroom Bimodal 

Stroop task (no distraction condition); and (c) individuals with ASD performed significantly 

more poorly on the Virtual Classroom Bimodal Stroop task with distractors than without 

distractors.  The findings from the Virtual Classroom (no distraction condition) are in line with 

the literature failing to find significant differences in automatic and controlled processing using 

traditional Stroop tasks in individuals with ASD (Hill, 2004; Goldberg et al., 2005; Mayes, 

Calhoun, Mayes, & Molitoris, 2012).  However, our results also provide evidence of 

vulnerability to external interference during controlled processing.  
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4.1 Hypothesis 1: The Virtual  Classroom Bimodal Stroop (no distraction condition) task will 

elicit a classic “Stroop effect” similar to that found in traditional Stroop tests in both ASD and 

neurotypical groups. 

In line with our first hypothesis, the Virtual Reality Classroom Bimodal Stroop (No 

Distraction Condition) task successfully elicited an interference effect in both groups. This is not 

surprising given the robustness of the “Stroop effect” (Stroop. 1935; MacLeod, 1991).  These 

results are of note in that they support the validity of the Virtual Classroom Bimodal Stroop task 

for assessing automatic and controlled processing in neurotypical individuals as well as 

individuals with ASD.  Given the sensory considerations that must be accounted for when 

assessing individuals with ASD (Rogers, Hepburn, & Wehner, 2003), these findings confirm that 

individuals with ASD may be validly assessed in the Virtual Reality Classroom. These results 

also extend Parsons et al.’s (2007) findings indicating the Virtual Classroom may be used for the 

assessment of cognitive processes in individuals with neurodevelopmental disorders. In line with 

Lalonde et al. (2013) our findings support the Virtual Classroom Bimodal Stroop task as an 

effective measure of automatic and controlled processing. Furthermore, given Lalonde et al.’s 

findings, we might expect that the Virtual Classroom Bimodal Stroop task may enhance 

predictive validity of everyday functioning.  

4.2 Hypothesis 2: Individuals with ASD will perform significantly more poorly than neurotypical 

individuals in the Virtual Reality Classroom due to being immersed in a social situation and 

increased complexity of the task. 

Contrary to our second hypothesis, individuals with ASD did not perform worse than the 

control group on the Virtual Classroom Bimodal Stroop task (No Distraction Condition). Both 

groups showed roughly the same performance scores (accuracy and response times). This finding 
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seems to be in line with much of the literature failing to find deficits in inhibitory control in 

individuals with ASD (see Hill, 2004 for a review).  It seems that under typical clinical and 

laboratory conditions where distractors are minimized, individuals with ASD are able to exercise 

controlled processing as well as neurotypical controls.  

It is important to point out the differences in response requirement in the Virtual Reality 

Classroom Bimodal Stroop task from traditional Stroop measures. The Virtual Classroom Stroop 

task is bi-modal. That is, requiring both auditory and motor capacities. Henry, Joyal, and Nolin 

(2012) discuss the various subtypes of inhibition and the problems with using single mode 

traditional Stroop tasks to assess this capacity.  The Virtual Classroom Bimodal Stroop task was 

developed to overcome these limitations and produce a more complete picture of inhibitory 

control encompassing selective attention and both cognitive and motor inhibition. As such, the 

Virtual Classroom employs a Stroop task (cognitive inhibition) with go/no go task (motor 

inhibition) elements.  Thus, these results indicate more specifically that individuals with ASD 

and normal controls do not differ in terms of cognitive or motor control under typical laboratory 

conditions.  These results are in line with a body of evidence suggesting inhibitory control may 

be spared in individuals with ASD (Hill, 2004; Goldberg et al., 2005; Mayes, Calhoun, Mayes, & 

Molitoris, 2012). In the no distraction condition, testing conditions are similar to testing 

conditions in previous studies. Put another way, participants are tested in a quiet room with no 

external stimuli. Thus, it is unsurprising this condition, as well as previous studies, have failed to 

find differences between groups. 

4.3 Hypothesis 3: The inclusion of distractors in the Virtual Classroom will negatively affect 

user performance in both populations. This difference will be significantly greater in the 

population with ASD than in the typically developing population. 
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Our third hypothesis that individuals with ASD would be more impacted by Virtual 

Classroom ecologically valid distractions was confirmed.  This finding is most interesting in 

relation to our failure to observe group differences in the same task with no distractions. This 

finding seems to be in line with Zelazo and Muller’s (2002) theory of ASD as a disorder of hot 

executive function. That is, tasks that tap into an affective component of prefrontal processing 

(like the Virtual Classroom Bimodal Stroop task with distractions) may be more sensitive to 

deficits than those that primarily tap into cool functions.  Because hot affective functioning is 

likely to be engaged during everyday life, it is important that neuropsychological tasks designed 

to assess executive functions account for the hot component that is usually forgotten in 

traditional neuropsychological assessment. The Virtual Classroom’s ability to present 

ecologically valid distractions is able to engage hot processes, which in this case, seem to be 

affected differentially in individuals with ASD and neurotypical individuals.  

4.4 Hypothesis 4: Performance on the Virtual Classroom Stroop task with distractors will predict 

scores on the Autism Quotient better than other Stroop modalities. 

Finally, our fourth hypothesis, that the Virtual Classroom with distractors would predict 

Autism Quotient scores better than any other Stroop modality given the increase in predictive 

validity, was not supported. This was unsurprising for several reasons, the most salient being that 

the AQ seemed to fail to pick up on ASD traits. In fact, AQ scores were significantly higher in 

the control group than in the ASD group.  

As stated several times in the review, self-report questionnaires such as the AQ have 

several limitations. First, questionnaires are subject to respondent bias and also respondent non-

compliance. Second, the respondent’s answer profile may not accurately reflect real world 
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functioning. Third, questionnaires are unable to objectively measure behaviors in vivo in a way 

that computerized or virtual reality based assessments might.  

Another consideration that may explain these findings is that the AQ was developed at a 

time when Asperger’s Disorder was still included as a discrete diagnosis in the DSM. Since its 

inclusion in the DSM-IV, the diagnostic validity of subtypes of ASD has been challenged 

(Mayes, Calhoun, and Crites, 2001). A number of studies found that Asperger’s Disorder was not 

sufficiently dissociable from Autistic Disorder to warrant a separate diagnosis. In fact, a number 

of researchers were calling for the inclusion of Autism as a spectrum disorder encompassing 

Asperger’s disorder as early as 1985 (Wing, 1991, 1998; Schopler, 1985, 1996, 1998).  Thus, the 

Autism Quotient as an instrument to dissociate individuals with a previous diagnosis of 

Asperger’s disorder may be undesirable.  

4.5 Practical Implications 

A number of practical implications can be inferred from the current study’s findings. 

First, the current study demonstrates that simulation technology may be successfully used in 

individuals with ASD for purposes of assessment as well as rehabilitation. To date, most use of 

simulation technology in ASD populations has been geared toward rehabilitation and social skills 

training. The current study demonstrates that using simulation technology for the assessment of 

frontostriatal functions in individuals with ASD is also beneficial. Of note, no participants 

reported simulation sickness (headache, nausea, etc.), and all were able to tolerate the virtual 

environment.  

Furthermore, these results suggest that individuals with high functioning ASD may be 

differentially impacted by everyday distractions in their environment. That is, frontostriatal 

functioning may suffer in conditions of external distraction in which neurotypical individuals 
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may be unaffected.  Thus, individuals with high functioning ASD may benefit from academic 

accommodations, particularly individuals who are attending college. Increased time for test-

taking in private rooms is a common accommodation for individuals with ADHD, and the 

current study suggests this may also be beneficial to individuals with high functioning ASD.  

4.6 Future Directions 

The current study highlights the need for further research into the frontostriatal 

functioning of individuals with high functioning ASD using ecologically valid and highly 

sensitive simulation technology. As the current study was highly exploratory, future research 

should seek to include more participants to increase power of statistical tests. Furthermore, future 

studies using simulation technology should consider categorizing ecologically valid distraction 

stimuli into “social” and “non-social” to investigate the impact of extraneous social information 

on individuals with ASD relative to non-social information. Using the current environment, 

examples of social stimuli include: children passing notes, the teacher gesturing in the front of 

the classroom, and an announcement being made over the classroom speaker. Non-social stimuli 

include: a car passing by, a paper airplane flying by, and street noise from the window.  

Some question remains as to the nature of group difference observed. The Virtual 

Classroom Bimodal Stroop task is novel in its ability to present ecologically valid distractions as 

well as its bimodal presentation. Future research should determine whether group differences 

may be attributable to distractions as well as bimodal presentation, or if distraction would still 

elicit poorer performance in a unimodal presentation.   

While the Virtual Classroom Bimodal Stroop task has proven to be highly valuable in 

eliciting a measure of inhibitory control in individuals with ASD, ecological validity may still be 

improved via tasks that are function led (as opposed to construct driven). The Virtual Classroom 
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Bimodal Stroop is construct driven in that the assessment of a construct (i.e., inhibition) via the 

Stroop task guides our theorizing and predictions about functional outcomes.  Burgess et al. 

(2006) highlight the need for the development of neuropsychological tests that focus on 

functional outcomes in order to enhance prediction of real-world functioning. The Mulitple 

Errands Test (MET; Knight et al., 2002) is a neuropsychological task that was developed from 

observation of real-world behaviors and has been shown to predict behavioral disorganization 

and goal-directed behavior beyond traditional construct-driven tests. Recently, the MET has been 

incorporated into virtual reality environments in order to combine the enhanced predictive 

validity of the task with the psychometric rigor of laboratory environments (Logie, Trawley, and 

Law, 2011; Raspelli et al., 2012; Jovanovski et al., 2012). This work could be translated into 

ASD research by developing tasks that assess for observed behaviors such as behavioral rigidity 

and maladaptive social interaction.  

Finally, future studies may consider including a group of individuals diagnosed with 

ADHD to directly compare performance on the Virtual Classroom Bimodal Stroop task.  As 

discussed earlier, high functioning ASD and ADHD may appear quite similar as symptoms tend 

to overlap (e.g., indiviudals with ASD may present with attentional dysregulation and individuals 

with ADHD may show evidence of social impairment). The increased sensitivity of assessments 

in simulated environments may help to parse apart specific deficits that may not be apparent 

from performance on paper-and-pencil measures and computerized measures.  

4.7 Conclusions 

In summary, the Virtual Classroom Bimodal Stroop task proved to be a valid measure 

automatic and controlled processing in individuals with ASD. Our results indicate that though 

individuals with ASD seem to exhibit cognitive and motor inhibitory control similar to that of 
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neurotypical individuals, the introduction of distractors while simultaneously performing the task 

selectively degraded their performance. Thus, it seems that individuals with ASD may be more 

susceptible to external interference than neurotypical individuals. Further research is warranted 

to investigate the precise stimuli (i.e., social vs. non-social) that may negatively impact 

performance. Additionally, the inclusion of an ADHD group may aid in understanding the 

specific areas of functioning impaired in each disorder.  
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