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ABSTRACT 

 

 Executive Function (EF) is defined as “self-directed actions so as to choose goals and to 

select, enact, and sustain actions across time towards those goals” (Barkley, 2012; p. 170). These 

“self-directed actions” can take the form of behavioral, social, or emotional regulation. Since that 

time, EF has been associated with the frontal lobe function and has been researched as being 

affected by multiple physical and mental health disorders (Jurado & Roselli, 2007). 

 EF deficits have been linked to Attention-Deficit/Hyperactivity Disorder (ADHD). 

ADHD is “a persistent pattern of inattention and/or hyperactivity-impulsivity that is frequently 

displayed and more severe than is typically observed in individuals at a comparable level of 

development” (APA, 2013, p. 59). Research indicates that 4.4% of the adult population qualify 

for a diagnosis of ADHD (Barkley, Fischer, Smallish, & Fletcher, 2002; Bush, Valera, & 

Seidman, 2006; Glutting, Youngstrom, & Walkins, 2005; Kessler et al., 2005; DuPaul, Weyandt, 

O’Dell, & Varejao, 2009).  

 College students with ADHD face unique challenges compared to their non-ADHD peers 

with respect to academics (Antshel et al., 2010; Barkley et al., 2006; Dupaul Weyandt, O’Dell, & 

Varejao, 2009), driving (Barkley, 2011a; Barkley, Anderson, & Kruesi, 2007; Richards et al., 

2006), and work performance (Barkley, 2011a; Barkley & Murphy, 2010; Shifrin, Proctor, & 

Prevatt, 2010; Wilens, Faraone, & Biederman, 2004). Only 20% of young adults with ADHD 

will enroll in college with about 5% completing college (Antshel et al., 2010; Barkley et al., 

2006; Biederman et al., 2006). Adults with ADHD are more likely to be at fault for car accidents 

and to receive speeding tickets, (Barkley, 2011a; Barkley, Anderson, & Kruesi, 2007; Richards 

et al., 2006). Adults with ADHD are also more likely to have a lower salary and are reprimanded 
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more at work (Barkley & Murphy, 2010; Shifrin, Proctor, & Prevatt, 2010; Wilens, Faraone, & 

Biederman, 2004).  

Evaluating ADHD in college students is done through multiple methods ranging from 

cognitive tests of EF to self-report rating scales on ADHD symptomology (Barkley, 2011a). As 

said previously, cognitive tests of EF were initially used to study individuals with frontal lobe 

damage (Barkley, 2011a; 2012; Barkley & Murphy, 2011; Jurado & Roselli, 2007). Meanwhile, 

rating scales of EF for adults evaluate a myriad of cognitive constructs without being based on 

any theory that allows clinicians to determine which cognitive functions are executive in nature 

(Burgess et al., 1998; Climie, Cadogan, & Goukon, 2014; Gioia et al., 2000; Naglieri & 

Goldstein, 2013). 

The Barkley Deficits in Executive Functioning Scale (BDEFS; Barkley, 2011b) is a 

recently created self-report rating scale that assesses five behavioral deficit areas related to EF: 

Self-Management to Time, Self-Organization/Problem Solving, Self-Restraint, Self-Motivation, 

and Self-Regulation of Emotion (Barkley, 2011a). Barkley (2011a) created the BDEFS to easily 

evaluate EF deficits in adults with ADHD as well as create a measure that was theoretically 

based (Barkley, 2012). The purpose of this study was to add further evidence to the incremental 

validity of the BDEFS on assessing ADHD symptoms and life impairments related to ADHD in 

college students over commonly used cognitive tests of EF. 

This study analyzed 83 college students diagnosed with ADHD at a southeastern public 

university. The mean age of the students was twenty-four years old with a median age of twenty-

one years old. 47% of the students were male with 68.7% of the students identifying as 

Caucasian, 18.1% as Hispanic, 3.6% as African American, 3.6% as “Other,” and 6% did not 

identify their ethnicity. As well, 11% of students identified as being freshmen, 24% as 
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sophomores, 19% as juniors, 25% as seniors, 16% as graduate students, and 5 % did not choose a 

specific year in college. Through the use of multiple independent t-tests and one-way analysis of 

variances, no significant effects with respect to age, gender, ethnicity, or year in college were 

found on any of the dependent variables. 

With respect to incremental validity, the BDEFS subdomains consistently added 

significant variance over the variance accounted for by cognitive tests of EF on each dependent 

variable (i.e., inattention symptoms, hyperactivity symptoms, impulsivity symptoms, work 

performance, and driving performance). Conversely, cognitive tests of EF were never able to add 

significant variance over the variance accounted for by the BDEFS subdomains on each 

dependent variable. It is clear that further support of the validity of the BDEFS is needed. This 

study demonstrated additional evidence of the incremental validity of the BDEFS over cognitive 

tests of EF on ADHD symptoms and impairments. This study also demonstrated evidence of the 

ecological validity of the BDEFS.  
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 CHAPTER 1 

INTRODUCTION 

 

The goal of this study was to evaluate the incremental validity of the Barkley Deficits in 

Executive Functioning Scale (BDEFS) and cognitive tests of executive function (EF) on 

Attention-Deficit/Hyperactivity Disorder (ADHD) symptoms and life impairments in college 

students. EFs allow individuals to self-regulate behaviors, cognitions, and emotions in order to 

perform actions which aide them in meeting a future goal (Barkley, 2012). Similar to how an 

orchestra conductor monitors and guides an ensemble through the different melodies of a song, 

EFs are responsible for guiding multiple processes in order to determine which information or 

behaviors need to take place in order to allow for the best performance possible (Barkley, 2012). 

An additional practical example of EF could be when one ignores distractions (e.g., television) in 

order to focus on studying to be able to reach the goal of performing well on a test the following 

day. EF deficits are linked to multiple disorders but are considered one of the primary behavioral 

deficits displayed in ADHD.  

Definitions 

The following operational definitions will be necessary to have in mind throughout the 

manuscript.  

1. Executive Function (EF) - “self-regulation across time towards a goal” (Barkley, 

2012, p. 167). Two primary ways to measure EF are cognitive tests of EF and rating 

scales of EF (Barkley, 2011a; 2012; Jurado & Roselli, 2007). 

2. Cognitive tests of EF - objective measures of performance on cognitive domains 

associated with EF (Barkley, 2011a; Jurado & Roselli, 2007).  
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3. Rating scales of EF - self-report subjective measures of behaviors associated with EF 

(Barkley, 2011a).  

4. The Barkley Deficits in Executive Function Scale (BDEFS) - a recently created self-

report rating scale that measures EF deficits as they relate to adults with ADHD 

(Barkley, 2011a).  

5. Attention-Deficit/Hyperactivity Disorder (ADHD) - “a persistent pattern of 

inattention and/or hyperactivity-impulsivity that is frequently displayed and more 

severe than is typically observed in individuals at a comparable level of development” 

(APA, 2013, p. 59). Adults with ADHD have difficulties in functioning in multiple 

life domains such as driving (Barkley, Anderson, & Kruesi, 2007; DuPaul et al., 

2009; Richards et al., 2006; Thompson, Molina, Pelham, & Gnagy, 2007) and 

occupational performance (Barkley, 2011a; Barkley & Murphy, 2010; Shifrin, 

Proctor, & Prevatt, 2010; Wilens, Faraone, & Biederman, 2004). 

6. Driving performance - an individual’s self-reported driving skills during a typical 

driving experience (Barkley & Murphy, 1998).  

7. Occupational performance - an individual’s self-reported symptoms of inattention, 

hyperactivity, and impulsivity that have affected his performance during work 

(Barkley & Fischer, 2011; Barkley & Murphy, 2010; Kessler et al., 2005). 

Occupational and driving performance are two ways to assess the ecological validity 

of the BDEFS (Barkley, 2011a; Barkley & Fischer, 2011; Barkley & Murphy, 2010).  

8. Ecological validity - the ability of a measure to estimate or predict specific, daily 

behaviors in natural settings (Barkley, 1991; Burges et al., 1998; Odhuba, van, & 

Johns, 2005; Solanto et al., 2001). Research has shown that cognitive tests of EF have 
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poor ecological validity (Barkley, 2011a; 2012; Barkley & Murphy, 2011; Jurado & 

Roselli, 2007). With that in mind, Barkley (2011a) asserted that the BDEFS has some 

significant criterion validity. 

9. Criterion validity - “the extent to which one measure estimates or predicts the values 

of another measure or quality” (Salkind, 2007, p. 200). To further add evidence to the 

validity of the BDEFS, this study evaluated the incremental validity of the BDEFS 

over cognitive tests of EF on ADHD symptoms and life impairments. 

10. Incremental validity – the variance one measure can account for in a criterion (i.e., 

dependent) variable over and above the variance accounted for by other typically used 

assessments (Hunsely and Meyers, 2003).  

 

Overview 

With these definitions in mind, the following section will give a brief overview of the 

topics covered in this manuscript. ADHD affects approximately 4% of the adult United States 

population. Individuals with the disorder demonstrate symptoms of inattention (e.g., fails to give 

close attention to details often makes careless mistakes), hyperactivity (e.g., often fidgets with or 

taps hands or feet), and impulsivity (e.g., has trouble waiting his/her turn). Research indicates 

that ADHD symptoms are hypothesized to adversely affect multiple life domains such as 

academics, driving, and work performance (Antshel et al., 2010; Barkley, 2011a; Barkley & 

Murphy, 2010 Dupaul Weyandt, O’Dell, & Varejao, 2009; Shifrin, Proctor, & Prevatt, 2010; 

Wilens, Faraone, & Biederman, 2004). However, treating certain individual symptoms of ADHD 

has limited real world benefits (e.g., how does treating fidgeting improve quality of life?). 

Measuring the underlying processes that make up EF provides a much clearer view of real-world 
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impairments (e.g., procrastination, impulsive emotions, inhibition, organization, and motivation). 

Therefore, by creating reliable and valid measures of evaluating EF, it will help clinicians better 

diagnose and treat ADHD. Cognitive tests such as the Stroop Test (Stroop, 1935) or the 

Wisconsin Card Sort Test (WCST; Heaton, 1981) were some of the initial measures used to 

evaluate EF deficits (Harlow, 1848; Luria, 1973; Pribram, 1973). Originally created to measure 

brain damage, these tests have limited value in evaluating real-world deficits (Harlow, 1848; 

Jurado & Roselli, 2007; Luria, 1966; Pribram, 1973). Barkley (2011a) created the BDEFS as a 

new measure of EF that specifically evaluates EF deficits as seen in ADHD. It measures five 

major domains of impairment in behavior: Self-Management to Time, Self-

Organization/Problem Solving, Self-Restraint, Self-Motivation, and Self-Regulation of Emotion 

(Barkley, 2011a). These domains provide data to inform both the diagnosis and treatment of 

ADHD. This manuscript is an evaluation of the incremental validity of the BDEFS and cognitive 

tests of EF on ADHD symptoms and impairments in college students (Barkley, 2011a). 

This manuscript will cover the definition and the neuroanatomical history of EF as it 

relates to ADHD. As well, the criteria for ADHD will be discussed along with the effect it has on 

academic, driving, and work performance. Afterwards, the connection between EF and ADHD 

will be explored. Next, the criterion validity and limitations of current cognitive tests of EF will 

be reviewed. This is followed by a description of the psychometric properties of the BDEFS. 

Then, the methods of the completed study will be detailed with respect to the research design, 

participant characteristics, measures, procedures, and delimitations. After this, the results of the 

study will be presented. Finally, a discussion on the incremental validity of the BDEFS on 

ADHD symptoms and life deficit areas (i.e., driving, and work) over cognitive tests of EF will be 

explored. 
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These “self-directed actions,” otherwise known as “Executive Functions,” can be 

displayed as overt behaviors, cognitions, emotions, and/or social processes. Regularly scheduling 

study times to prepare for an upcoming exam is an example of a behavior process related to EF.  

Retaining recently read information in order to answer homework questions is an example of a 

cognitive process related EF. Learning coping techniques in order to assist in impulse restraint 

and emotion regulation is an emotional process related to EF. Finally, managing and supporting 

interpersonal relationships with friends, family, and/or significant others reflects social processes 

related to EF (Barkley, 2011a; Barkley, Anderson, & Kruesi, 2007; Jurado & Roselli, 2007; 

Weyandt et al., 2013; Willcutt et al., 2005). The previous EF examples are all potential deficit 

areas that college students with ADHD face on a regular basis. As such, it is important for 

researchers to study what EF is and how it can best be evaluated to inform treatment plans. 

The History and Definition of EF 

The research literature regarding EF goes as far back as the 1800’s (Harlow, 1848). 

Phineas Gage was one of the first documented studies of a man surviving the destruction of a 

portion of his frontal lobe (Harlow, 1848). Although he did not suffer severe cognitive decline, 

his family and friends reported problems related to Gage’s ability to self-regulate his behavior, 

attention, and impulsivity (Harlow, 1848), deficits reflective of EF impairment. Researchers 

would go on to study soldiers who sustained frontal lobe damage and describe their deficits as 

“frontal lobe syndrome” (Stuss & Benson, 1984) and later as the “dysexecutive syndrome” 

(Luria, 1973; Pribram, 1973; Welsh & Pennington, 1988). These series of events is how EF was 

originally conceived as being controlled primarily through the frontal lobes (Jurado & Roselli, 

2007; Luria, 1973; Stuss et al., 2002).   
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Cognitive tests of EF were created in order to delineate soldiers with frontal lobe damage 

upon admission to hospitals (Luria, 1973; Jurado & Roselli, 2007). Some popular examples 

include the Stroop test (Heaton; 1981), the Wisconsin Card Sort Test (WCST; Heaton, 1981), 

and Gordon Diagnostic Systems (GDS; Gordon, 1983) which measure, inhibition, abstract 

reasoning, and selective attention respectively. These cognitive tests soon became the standard 

method of assessment with respect to EF (Barkley, 2011a; 2012; Luria, 1973; Jurado & Roselli, 

2007). Later empirical research (Alvarez & Emory, 2006; Jurado & Roselli, 2007; Stuss & 

Alexander, 2000) would arise indicating that cognitive tests of EF were sensitive to identifying 

brain damage but were not able to detect differences between frontal lobe damage and diffuse 

brain damage (i.e., damage that is spread throughout multiple, non-specific brain regions).   

Due to this finding, researchers continued to investigate the relationship between EF and 

the frontal lobe through the use of neuroimaging technology (Alvarez & Emory, 2006; Cabeza & 

Nyberg, 1997; Collette et al., 2005; Niendam et al., 2012). Neuroimaging techniques such as the 

function magnetic resonance imaging (fMRI) and the positron emission tomography (PET) scans 

were created. fMRI analyzes blood flow in order to identify cortical activation. As well, PET 

scans identify high levels of gamma rays in order to indirectly measure blood flow. Findings 

have indicated that patients activate multiple areas in the brain while completing cognitive tests 

of EF. This is important for two reasons: 1) neuroimaging studies indicate that EF, as measured 

by cognitive tests, utilize multiple areas of the brain to complete tasks and 2) poor performance 

on cognitive tests of EF does not necessarily indicate deficits in EF or the frontal lobe. 

In fact, deficits in EF have been related to a variety of medical conditions ranging from 

traumatic brain injury (Proctor & Zhang, 2008), stroke (Jodzio & Biechowska, 2010), and 

meningitis (Anderson, Anderson, Grimwood, & Nolan, 2004), to various mental health 
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conditions such as schizophrenia (Owens et al., 2011), depression and bipolar disorder 

(Thompson et al., 2009), autism (O'Hearn et al., 2008), obsessive compulsive disorder (Roth, 

Baribeaum, Milovan, & O’Connor, 2004), and most notably ADHD (Barkley, 1997; 2011a; 

2012; Fuster, 1997; Jurado & Roselli, 2007; Welsh & Pennington, 1988; Willcut et al., 2005).   

 

 

Attention-Deficit Hyperactivity Disorder and its link to EF 

In the DSM-5 (APA, 2013), there are three specific subtypes of ADHD: ADHD 

Predominately Inattentive Type, ADHD Predominately Hyperactive-Impulsive Type, and 

Combined Type (contains significant symptoms of both inattention and 

hyperactivity/impulsivity). These symptoms can potentially affect major life domains such as 

academic, driving, social, occupational, and emotional processes (Barkley, 2012; DuPaul, 

Weyandt, O’Dell, & Varejao, 2009; Stuss & Alexander, 2000; Welsh & Penningon, 1996). 

ADHD was originally specified as a developmental disorder typically diagnosed in childhood 

(APA, 2013). However, recent research has highlighted that symptoms of ADHD often persist 

into adulthood but are observed in different ways. The DSM-5 has implemented examples 

relating to problems adults experience due to their symptoms of ADHD. For instance, one of the 

symptoms states that “having difficulty staying seated” is a symptom of hyperactivity-

impulsivity; however, the example given to adults is “feeling restless,” showing how symptoms 

of ADHD present differently depending on an individual’s developmental level. 

There is a general consensus among the research community that EF deficits are related 

to symptoms of ADHD (Alvarez & Emory, 2006; Barkley, 2011a; Boonstra, Oosterlaan, 

Sergeant, & Buitelaar, 2005; Bush, Valera, & Seidman, 2005; Hervey, Epstein, & Curry, 2004; 
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Jurado & Roselli, 2007; Lei et al., 2015; Pennington & Ozonoff, 1996; Tripp & Wickens, 2009). 

However, there is a debate as to whether EF deficits are a necessary feature in order to be 

diagnosed with ADHD (Barkley, 2011a; Bush, Valera, & Seidman, 2005; Castellanos et al., 

2006; Hervey, Epstein, & Curry, 2004; Jurado & Roselli, 2007; Nigg et al., 2005; Tripp & 

Wickens, 2009). Willcutt et al. (2005) conducted a meta-analysis of neuroimaging studies that 

indicated that ADHD was linked to weakness on cognitive tests of EF. Multiple different 

imaging studies were analyzed (e.g., fMRI, PET, Lesion, etc.) across twelve common cognitive 

tests of EF (Willcutt et al., 2005). Wilcutt et al. (2005) summarized his findings that less than 

50% of children with ADHD demonstrated poor performance on specific cognitive tests of EF. 

As well, correlations between low scores on cognitive tests of EF and ADHD symptoms were 

reported as significant but low (r = .15-.35; Nigg et al., 2005). Although some of the studies used 

in Willcut’s (2005) analysis suffered from small sample sizes and did not include other popular 

EF measures such as the Stroop test (Stroop. 1935), he concluded that EF deficits, as defined by 

cognitive tests of EF, were not sufficient to diagnose ADHD independent of other measures. 

Several other meta-analyses have analyzed the shared neuroanatomy between ADHD and 

EF (Alvarez & Emory, 2006; Bush, Valera, & Seidman, 2005; Hervey, Epstein, & Curry, 2004; 

Jurado & Roselli, 2007; Tripp & Wickens, 2009). As mentioned previously, EF has a history of 

being linked to the functions of the frontal lobe (Alvarez & Emory, 2006; Bush, Valera, & 

Seidman, 2005; Harlow, 1848; Hervey, Epstein, & Curry, 2004; Jurado & Roselli, 2007; Luria, 

1973; Tripp & Wickens, 2009). Moreover, the neurology of ADHD has demonstrated hypo-

activation of specific areas in the frontal lobe that were previously linked to EF deficits (Alvarez 

& Emory, 2006; Bush, Valera, & Seidman, 2005; Cortese et al., 2012; Hervey, Epstein, & Curry, 

2004; Jurado & Roselli, 2007; Stuss et al., 2002; Tripp & Wickens, 2009). Alongside 
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neuroimaging technology, pharmaceutical interventions also suggest that ADHD is linked to the 

frontal lobe (Biederman, Spencer & Wilens, 2004; Tripp & Wickens, 2009). This is due to the 

use of stimulants as a method to increase cortical activation of the frontal lobe (Bush, Valera, & 

Seidman, 2005; Cortese et al., 2012; Hervey, Epstein, & Curry, 2004; Jurado & Roselli, 2007; 

Stuss et al., 2002; Tripp & Wickens, 2009). In summary, there is a clear relationship between 

ADHD symptoms and EF deficits with respect to neuroanatomy.   

Social Significance of ADHD in College Students  
 

ADHD in college students negatively affects academic functioning (Antshel et al., 2010; 

Dupaul, Weyandt, O’Dell, & Varejao, 2009; Murphy, Barkley, & Bush, 2002; Proctor & Prevatt, 

2009; Reaser, Prevatt, Petscher, & Proctor, 2007; Weyandt et al., 2013) as well as several other 

life domains including driving (Barkley, Anderson, & Kruesi, 2007; DuPaul et al., 2009; 

Richards et al., 2006; Thompson, Molina, Pelham, & Gnagy, 2007) and occupational functioning 

(Barkley, 2011a; Barkley & Murphy, 2010; Shifrin, Proctor, & Prevatt, 2010; Wilens, Faraone, 

& Biederman, 2004). Prevalence rates of ADHD range from approximately 5% of children to 

roughly 4.4% of adults within the United States (Bush, Valera, & Seidman, 2006; DuPaul, 

Weyandt, O’Dell, & Varejao, 2009; Kessler et al., 2005).  Researchers estimate approximately 

50-75% of children with ADHD have symptoms that persist into adulthood (Barkley, Fischer, 

Smallish, & Fletcher, 2002; Glutting, Youngstrom, & Walkins, 2005). DuPaul et al. (2009) 

reported that an estimated 25% of students who register for disability resources on college 

campuses receive services for ADHD. The actual number of college students with ADHD is 

hypothetical due in part to students with ADHD not being required to report to disability centers 

on campus (Weyandt & Dupaul, 2006). In order to gain perspective on how many college 

students have ADHD, there are approximately 20 million adults currently enrolled in college 
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(U.S. Bureau of the Census, 2012). If approximately 4% of adults qualified for an ADHD 

diagnosis, there would be roughly 800,000 college students who meet the criteria for ADHD in 

the United States (U.S. Bureau of the Census, 2012).  

Among these processes, evidence indicates that academics are one of the most impaired 

life domains in college students with ADHD (Antshel et al., 2010; Barkley et al., 2006; Dupaul 

Weyandt, O’Dell, & Varejao, 2009). Anthsel et al. (2010) asserted that college students with 

ADHD, who were not diagnosed as children, typically benefit from protective factors such as 

higher intellectual functioning and structure given by parent or guardians. Despite this, Barkley 

et al. (2006) reported that adults with ADHD do not complete as many years of education as their 

same age, non-ADHD peers. Other researchers have found that only 20% of young adults with 

ADHD enroll in college compared to their same age, non-ADHD peers (Antshel et al., 2010; 

Barkley et al., 2006; Biederman et al., 2006). Furthermore, a mere 5% of young adults with 

ADHD will go on to complete college (Antshel et al., 2010; Biederman et al., 2006). 

Alongside academic difficulties, another area of impairment in adults with ADHD is poor 

driving performance (Richards et al., 2006). Adults with ADHD report experiencing more 

hostility and aggression on the road (Barkley, Anderson, & Kruesi, 2007; Richards et al., 2006). 

These inappropriate behaviors have led college students with ADHD to show a greater likelihood 

to be at fault for car accidents, obtain additional speeding citations, drive while under the 

influence of illicit substances, and be ticketed more often for reckless driving (Barkley, 2011a; 

Barkley, Anderson, & Kruesi, 2007; Richards et al., 2006). These deficits show that untreated 

ADHD within a college population can lead to life threatening consequences. 

Occupational performance emerges as another area negatively affected by ADHD 

(Barkley, 2011a; Shifrin, Proctor, & Prevatt, 2010; Wilens, Faraone, & Biederman, 2004). Some 
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of the deficits associated with ADHD in the work place are a lack of concentration, inability to 

focus on one task for extended periods of time, and lack of motivation (Shifrin, Proctor, & 

Prevatt, 2010; Wilens, Faraone, & Biederman, 2004). Furthermore, the following occupational 

outcomes have been correlated with higher symptoms of ADHD: lower salary, more job 

changes, and higher likelihood to be reprimanded (Barkley & Fischer, 2010; Shifrin, Proctor, & 

Prevatt, 2010; Wilens, Faraone, & Biederman, 2004).  

In summary, the preceding paragraphs highlight the negative impact ADHD can have on 

multiple life domains. Barkley et al. (2008) reviewed the literature to see if there were any 

relative strengths related to having a diagnosis of ADHD; however, they concluded that there 

was no current empirical evidence to suggest that individuals with ADHD have strengths related 

to their non-ADHD peers at the group level. After further review of the current literature, it 

appears there are still no empirically-based studies that report on the potential strengths and 

benefits of ADHD in college students at the group level. Speculation on potential benefits 

ADHD symptoms may have on cognitive functioning will be further discussed in chapter 5. 

College students with ADHD are more susceptible to difficulties such as driving safely and 

performing well at work.  As well, some college students with ADHD may not have been 

diagnosed due to protective factors such as a high IQ level or their parents’ assistance in self-

regulation. Taking this into account, it is imperative that researchers create reliable and valid 

ways in order to identify symptoms of ADHD and provide treatment to counteract potential 

problem areas. 

Cognitive Tests of EF and the BDEFS 

In order to evaluate EF deficits displayed in individuals with ADHD, multiple 

assessments have been created to measure different EF constructs. These assessments are often 
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used in conjunction with one another to evaluate for a diagnosis of ADHD (Barkley, 2011a; 

Jurado & Roselli, 2007). The two primary measures are cognitive tests of EF and EF self-report 

rating scales (Alvarez & Emory, 2006; Barkley, 2011a; 2012; Biederrman et al., 2004; Harlow, 

1848; Jurado & Roselli, 2007; Pennington & Ozonoff, 1996; Welsh & Pennington, 1988; 

Weyandt et al., 2013; Willcut et al., 2005). 

Cognitive tests of EF were originally conceived in order to assist in determining if 

soldiers had sustained traumatic brain injuries in the frontal lobes (Harlow, 1848; Luria, 1973; 

Pribram, 1973). A wide variety of cognitive tests have been used to assess EF, ranging from the 

Stroop Test (Stroop, 1935) and the Wisconsin Card Sort Test (WCST; Heaton, 1981) to subtests 

on IQ measures such as Auditory Working Memory and Concept Formation (Woodcock, 

McGrew, & Mathers, 2001a). With such a wide range of assessments, cognitive tests of EF have 

been used to study as many as thirty-three separate constructs related to EF. Some of the more 

popular examples of cognitive domains related to EF include: Inhibition, Set-shifting, Problem 

Solving, Working Memory, Verbal Fluency, and Selective Attention (Barkley, 2011a; 2012; 

Jurado & Roselli, 2007). 

In order to evaluate the social, emotional, and behavioral domains associated with EF, 

Barkley (2011a) created a new EF rating scale, the BDEFS. Barkley (2011a) stated that his 

intention was to create a cost-effective, reliable assessment to evaluate deficits of EF shown in 

the daily life of adults. The BDEFS consists of five subdomains of EF: Self-Management of 

Time, Self-Organization, Self-Restraint, Self-Motivation, & Self-Regulation of Emotion 

(Barkley, 2011a). To date, only two articles have utilized the BDEFS in its entirety outside of the 

main author (Barkley, 2011a; Barkley & Murphy, 2010; Dehili, Coffman, & Prevatt, 2013; 

Feldman, Knouse, & Robinson, 2013; Kamradt, Ullsperger, & Nikolas, 2014). Preliminary 
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findings appear to suggest that the BDEFS can account for variance over and above the variance 

accounted for by cognitive tests of EF on adult ADHD symptomology and life impairments 

(Dehili, Coffman, & Prevatt, 2013; Kamradt, Ullsperger, & Nikolas, 2014). However, it is 

imperative for researchers to continue gathering data in order to further analyze the reliability 

and ecological validity of this measure with respect to ADHD symptoms and EF deficits in daily 

life.  

Test Construction 

To evaluate new measures, it is important to understand the different methods for 

evaluating the incremental validity of a measure. Incremental validity allows researchers to 

evaluate an aspect of criterion validity. In order for a measure to have adequate criterion validity, 

it should be able to predict future (predictive validity), current (concurrent validity), and past 

(retrospective validity) outcomes typically associated with what it purports to measure (Barkley, 

2011a; Bryant, 2000). This study proposes two research questions in order to evaluate the 

incremental validity of the BDEFS over the variance accounted for by cognitive tests of EF on 

ADHD symptoms and impairments in college students. In order to evaluate incremental validity, 

it is common to utilize the statistical analysis of hierarchical regression. This allows researchers 

to see if the first set of variables can incrementally account for variance of an outcome over the 

variance already accounted for by the second set of variables (Barkley, 2011a; Bryant, 2000). 

Statement of the Problem  

EF is a construct that explains how individuals are able to effectively use cognitive, 

social, and emotional processes in order to obtain a desired future consequence (Barkley, 1997a; 

Barkley, 2011a; Damasio, 1994; Fuster, 1997; Harlow, 1848; Jurado & Rosselli, 2007; Stuss & 

Benson, 1986). One of the primary mental health disorders linked to deficits in EF is ADHD. 
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ADHD is composed of symptoms of inattention, hyperactivity, and impulsivity which negatively 

affect a significant number of college students. These symptoms of ADHD cause problems in 

multiple life domains for college students: academics, driving, and work. It is imperative to 

effectively identify ADHD and treat ADHD in order to promote success in college students. 

Without this, hundreds of thousands of students with ADHD would be more likely to drop out of 

college and be unable to reach their future personal, interpersonal, and occupational aspirations. 

Cognitive tests of EF were previously used but do not significantly predict ADHD symptoms and 

impairment in major life domains (e.g., driving and work). The BDEFS is a new alternative to 

using cognitive tests of EF in evaluating ADHD. Early indications suggest that the BDEFS has 

some ecological validity in predicting or estimating ADHD symptoms and life impairment 

domains related to ADHD, but further testing is warranted. Therefore, the BDEFS is 

hypothesized to demonstrate incremental variance over and above cognitive tests of EF with 

respect to ADHD symptoms and impaired life domains. If this hypothesis is true, then it may 

have implications for clinicians to utilize the BDEFS as a more accurate assessment of life 

impairments and symptomology associated with ADHD. This outcome would lead to quicker 

and more cost effective evaluations of ADHD within the college population. This study has the 

potential to increase the ecological and incremental validity of utilizing the BDEFS over 

cognitive tests of EF when evaluating ADHD within a college population. The following 

research questions will be evaluated. 

Research Questions 

1. Does the BDEFS (a rating scale of EF) demonstrate incremental validity over cognitive 

tests of EF with respect to symptoms of ADHD in a college student population?  

Symptoms of ADHD will be measured using self-report of inattention, hyperactivity, and 
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impulsivity. Cognitive tests of EF will be measured by the following subtests of the WJ-

III COG: Auditory Working Memory, Concept Formation, Numbers Reversed, Memory for 

Words, and Visual Matching. 

2. Does the BDEFS (a rating scale of EF) demonstrate incremental validity over cognitive 

tests of EF with respect to life impairment domains related to ADHD in a college student 

population?  Life impairments of ADHD will be measured using self-report of driving 

and work history. Cognitive tests of EF will be measured by the following subtests of the 

WJ-III COG: Auditory Working Memory, Concept Formation, Numbers Reversed, Memory 

for Words, and Visual Matching. 
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CHAPTER 2 

LITERATURE REVIEW 

 

The following literature review will analyze two main topics:  Executive Function (EF) 

and Attention-Deficit/Hyperactivity Disorder (ADHD). Within the EF section, the origin of the 

definition of EF will be discussed in order to provide context for the relationship EF has to 

cognitive, social, and emotional processes. Alongside this, an overview of the definition of 

ADHD as it applies to an adult population will be provided. After this, the literature review will 

analyze the neuropsychological features of EF and ADHD in order to examine their relationship 

to one another. Furthermore, this literature review will focus on the sub-population of college 

students with ADHD, discussing their impairment across multiple life domains (academic, 

driving, and work). From there, a discussion on the validity of using cognitive tests of EF to 

identify ADHD will be discussed. Lastly, a review of the reliability and validity of a new rating 

scale measure, the BDEFS, used to evaluate ADHD will be discussed. Following the overview of 

how to effectively enhance the validity of the BDEF, the methods of the psychometric study will 

be reviewed, including the research design, participant characteristics, power analysis, 

procedures, delimitations, and statistical analysis used. Afterwards, an overview of the statistical 

results will be detailed on the incremental validity of the BDEFS over the variance accounted for 

by cognitive tests of EF on ADHD symptoms and impairments in college students. Finally, a 

discussion on the implications of the results on future research and clinical practices will be 

explored as well as the limitations of the study’s findings. 
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The History and Definition of Executive Function 

EF has had a wide variety of definitions over the past forty years (Baddeley & Hitch, 

1974; Barkley, 2012; Jurado & Roselli, 2007). One of the most popular definitions of EF was 

created by Pennington and Welsh (1988) which states, “Executive function is defined as the 

ability to maintain an appropriate problem-solving set for attainment of a future goal” (p. 201-

202). Though this definition is popular, there is still no concrete, operational definition of EF to 

better help delineate what makes a specific cognitive function executive in nature (Barkley, 

2011a; Barkley, 2012; Jurado & Roselli, 2007; Pennington & Welsh, 1988). Researchers have 

associated a wide variety of cognitive constructs with EF, compounding the difficulty of creating 

an all-encompassing, operational definition (Barkley, 2012; Eslinger, 1996; Jurado & Roselli, 

2007). Researchers have produced upwards of thirty constructs that could be considered potential 

factors of EF (Barkley, 2012; Eslinger, 1996; Jurado & Roselli, 2007; Pennington & Welsh, 

1988). Some of the most common factors include inhibition, working memory, selective 

attention, verbal fluency, and problem-solving/set-shifting (Barkley, 2012; Eslinger, 1996; 

Jurado & Roselli, 2007). Other examples of factors considered to be EF are goal-directedness, 

time management, planning, purposive action, self-awareness, self-motivation, and self-directed 

private speech (Barkley, 2011a; Lezak, 1995; Welsh & Pennington, 1988).   

Initially, the concept of EF was defined as “what the frontal lobes do” (Barkley, 2012; p. 

1; Harlow, 1848; Jurado & Roselli, 2007; Luria, 1966; Pribram, 1973). This assertion came 

primarily from scientists studying people with injured frontal lobes and labeling their observable, 

maladaptive behaviors as the “Frontal Lobe Syndrome” (Stuss & Benson, 1984). This term 

would later be renamed as the “Dysexecutive Syndrome” and more recently has been referred to 

as simply “deficits in EF” (Barkley, 2012; Harlow; 1848; Luria, 1966; Pribram, 1973; Welsh & 
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Pennington, 1988). Harlow (1848) described the case study of Phineas Gage, a man who 

survived an injury that destroyed part of his prefrontal cortex (PFC) due to a railway accident.   

Although he did not suffer any severe cognitive decline, friends and family members described a 

change in Gage’s personality. Specifically, family members and friends reported that Gage began 

to lack self-control, was more easily irritated, had difficulty staying on task, and eventually 

evidenced changes in behavior and decision-making that they attributed to the injury (Harlow, 

1848; 1869). Gage’s injuries were the first insight into how damage to the frontal lobes could 

affect areas across cognitive, social, and emotional processes (Harlow, 1848; 1869). 

Alongside this case study, researchers would observe overt behaviors from soldiers 

returning from war in order to decipher further cognitive functions related to the frontal lobes 

(Harlow, 1848; 1869; Stuss & Benson. 1986). Luria (1973) stated that the frontal lobes are “the 

essential apparatus for organizing intellectual activity as a whole, including the programming of 

the intellectual act and the checking of its performance” (p. 340). Luria’s (1973) statement 

supported other exhibited deficits in working memory, planning, organization, and problem 

solving shown in soldiers with “frontal lobe syndrome” (Stuss & Benson, 1984).   

In order to quantifiably measure these deficits, researchers created cognitive tests of EF 

as a faster, more reliable way to categorize patients who had frontal lobe damage from those who 

did not (Benton, 1968; Milner, 1963). A detailed overview of the definition, reliability, and 

validity of specific cognitive tests of EF will be presented in a later section of the paper. In early 

research, cognitive tests such as the Wisconsin Card Sort Test (WCST; Berg, 1948; Heaton et al. 

1993), the Stroop test (Stroop, 1935), and verbal fluency tests (Benton & Hamsher, 1976; 

Thurstone, 1938) measured problem solving, working memory, and verbal fluency respectively.  

These cognitive tests were used in order to identify frontal lobe damage in soldiers (Lee et al., 
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1997; Miller, 1984). This initially appeared successful and led to these tests being categorized as 

measuring damage to the frontal lobe, which at the time was synonymous with EF (Alvarez & 

Emory, 2006; Barkley, 2012; Harlow, 1868; Luria; 1966; Pribram, 1973; Stuss et al., 2006). In 

fact, Tranel et al. (1994, p.126) stated that it “is virtually impossible to find a discussion of the 

prefrontal lobe lesions that does not make reference to disturbances of EF and, in parallel 

fashion, there is rarely a discussion of disturbances of EF that does not make reference to 

dysfunction in prefrontal brain regions.” 

Baddeley and Sala (1996) called for researchers to avoid referring to deficits in EF as 

“frontal lobe syndrome,” arguing for the need to separate neuropsychological function from 

anatomy (Alvarez & Emory, 2006; Stuss & Benson, 1984). Utilizing the term “frontal lobe 

syndrome” leads to confusion, according to Baddeley and Sala (1996), as research had not 

proven a consistent, strong correlation between frontal lobe injury and poor performance on 

cognitive tests of EF. In fact, more recent research has noted that cognitive tests of EF were not 

able to differentiate between frontal lobe damage and diffuse damage in other areas of the brain 

(Alvarez & Emory, 2006; Barkley, 2012; Dodrill, 1997; Duke & Kasziniak, 2000). For example, 

patients with lesions throughout their brains performed just as poorly on cognitive tests of EF as 

patients with frontal lobe lesions (Alvarez & Emory, 2006; Anderson et al., 2004; Heaton, 1981).  

These findings sparked researchers to examine the relationship between EF and general 

intellectual functioning (Barkley, 2012; Dodrill, 1997; Duncan et al., 1996; Torralva et al., 

2013).   

Summary 

With as many as thirty constructs under the umbrella of EF, the concept and definition of 

EF has evolved into dozens of iterations over the past 150 years (Barkley, 2012). In the 
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beginning, observations of maladaptive behaviors shown by soldiers who received injuries to the 

frontal lobe were the basis of how researchers identified EF deficits (Alvarez & Emory, 2006; 

Barkley, 2012; Dodrill, 1997; Duke & Kasziniak, 2000). To more efficiently identify EF deficits, 

cognitive tests were created and poor scores on these tests would go on to become synonymous 

with deficits in EF. In addition to maladaptive behaviors, researchers would continue to explore 

how cognitive, emotional, and social processes were affected by EF.  

The Relation of EF to Cognitive, Emotional, and Social Processes 

Discussing the relationship EF has to cognitive, emotional, and social processes allows 

researchers to better understand that EF is a necessity for a variety of daily, productive behavior 

(Barkley, 2011a; Jurado & Roselli, 2007; Lezak, 1995). With respect to cognitive functioning, it 

has been previously stated that multiple cognitive constructs have been associated with EF. Table 

1 demonstrates some of the more popular constructs related to EF. Some of these concepts, like 

working memory, have a history of being significantly correlated to overall intellectual 

functioning (Ardila et al., 2000; Friedman et al., 2006; Jurado & Roselli, 2007). Others, such as 

inhibition and shifting, have little evidence to support a link between overall intellectual 

functioning and EF (Jurado & Rosellio, 2007; Miyake et al., 2000). Luria (1966; 1973) and 

Pribram (1973) both observed that individuals with frontal lobe injuries did not necessarily have 

an intellectual deficit. Instead they proposed that individuals with frontal lobe injuries displayed 

deficits in performance of certain behaviors. 

Alongside cognitions, EF has a history of being a vital component of social functioning 

(Barkley, 2012; Diamond, 1980; Eslinger, 1996; Jurado & Roselli, 2007; Lezak, 1995). Lezak 

(1995) noted that executive functions are needed for the completion of normal, socially-

appropriate behavior. Some examples of deficits in socially appropriate behavior are blurting out 
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answers, interrupting others, and being unaware of other’s negative reactions (Barkley, 2012; 

Diamond, 1980; Eslinger, 1996; Lezak, 1995; Jurado & Roselli, 2007). Similarly, Diamond 

(1980) stressed the importance of EF to display “appropriate social patterns, to regulate social 

life and to integrate adequately and successfully with others” (pg. 510). Diamond (1980) stated 

that individuals with PFC damage who still perform well on cognitive tests will show marked 

deficits in planning and social functioning (p. 505-508). Eslinger (1996) discussed that “social 

executors” are contained in EF and assist in specific social functions: “social self-regulation (i.e., 

processes that manage initiation, rate, intensity, and duration of social interactions), social self-

awareness (i.e., knowledge and insight on the impact of one’s behavior in a social setting), social 

sensitivity (i.e., taking another person’s perspective or emotional state during social interactions), 

and social salience (i.e., regulating emotional and physiological states that influence social 

situations)” (pg. 390). These definitions demonstrate that the definition of EF was conceived 

with a social component in mind, which is not easily tested within the cognitive tests of EF 

(Barkley, 2012; Diamond, 1980; Eslinger, 1996; Jurado & Roselli, 2007; Lezak, 1995). 

 Earlier theorists also stressed the effect EF has on emotional regulation (Damasio, 1994; 

Diamond, 1980; Fuster, 1997; Stuss & Benson, 1986). Damasio (1994) stated that emotions play 

a significant role in motivating individuals to evaluate and maintain one’s actions toward a future 

goal. Stuss and Benson (1984) reviewed the literature on the behaviors of adult patients with 

frontal lobe damage. Their findings indicated that components such as drive, motivation, and will 

are related to or controlled by EF. Reviewing further findings in clinical observations, Stuss and 

Benson (1984) discussed the following personality traits affected by frontal lobe damage: apathy, 

indifference, dullness, lack of facial expressions, excessive joviality, decreased motivation, and 

lack of social awareness (Harlow, 1848; Luria, 1966). Although largely ignored in cognitive 
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theories of EF, several theories and models of EF incorporated deficits in emotional regulation as 

a key feature that was observed in frontal lobe patients (Barkley, 1997a; Damasio, 1994; Fuster, 

1997; Harlow, 1848; Stuss & Benson, 1986).   

Summary 

Researchers have recognized and measured EF as an essential component to cognitive, 

social, and emotional processes (Barkley, 1997a; Damasio, 1994; Fuster, 1997; Harlow, 1848; 

Stuss & Benson, 1986). Initially, researchers assessed cognitions associated with EF through 

cognitive tests of EF that were given to soldiers to evaluate the presence of traumatic brain 

injuries (Harlow, 1848; Luria, 1966). Observations of these soldiers revealed various socially 

inappropriate behavior such as lack of inhibition and inattention (Barkley, 2012; Diamond, 1980; 

Eslinger, 1996; Jurado & Roselli, 2007; Lezak, 1995). As well, Gage and other cases were 

observed to have difficulty regulating their social behavior and emotions after a frontal lobe 

injury (Harlow, 1848; Stuss & Benson, 1986). EF is a complex construct that affects a multitude 

of behaviors and can be assessed through cognitive tests, clinical observations, and self-report 

rating scales (Barkley, 2012; Diamond, 1980; Eslinger, 1996; Jurado & Roselli, 2007; Lezak, 

1995). With the advent of neuroimaging technology, researchers were able to view EF from a 

different perspective (Alvarez & Emory, 2006; Barkley, 2012; Dodrill, 1997; Duke & Kasziniak, 

2000), which is discussed in the upcoming section. 

Neuroimaging Studies of EF 

There is a pattern throughout history of neuropsychologists attempting to link brain 

regions like the frontal lobe to EF constructs such as “planning, organization, decision making, 

problem solving, and logical analysis” (Alvarez & Emory, 2006; p. 33). Neuroimaging 

technology consists primarily of two main methods: fMRI and PET scans. fMRI examines blood 
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flow to areas of the brain in order to view which neuroanatomical structures are activated when 

completing a task (Fuster, 2001). Similarly, PET scans view the intensity of gamma waves as a 

way to identify cortical activation. Researchers have been able to better delineate the activation 

of specific sections of the PFC as individuals complete cognitive tests of EF (Alvarez & Emory, 

2006; Cabeza & Nyberg, 1997; Collette et al., 2005; Niendam et al., 2012). A step-by-step 

example of how a clinician would use neuroimaging to measure inhibition or selective attention 

is as follows: 1) the patient’s brain is scanned while performing a “reference activity” (e.g., 

reading out loud color words that are printed in the same ink of their colors), 2) an additional 

scan is performed while the patient does the “target activity” (e.g. reading out loud the color of 

ink used that is different than the color words), and 3) these two brain activities are analyzed by 

subtracting the areas that are activated within the brain on both pictures (Cabeza & Nyberg, 

1997). The assumption is that any extra cortical activity on the “target activity” scan will be the 

areas used to complete the cognitive test of EF (Cabeza & Nyberg, 1997). This method used to 

analyze PET scans is called the “subtraction method” (Cabeza & Nyberg, 1997; Collette et al., 

2005).  

Cabeza and Nyberg (2000) reviewed neuroimaging studies that utilized PET scans and 

found that various brain areas were activated while participants completed cognitive tests of EF. 

The cognitive processes evaluated included selective attention, sustained attention, and working 

memory, among others. The study analyzed 73 articles of healthy young adults which amounted 

to 101 subtraction images. No ethnicity or gender data was provided for the samples used in the 

meta-analysis.  However, Cabeza and Nyberg (2000) did provide some exclusionary criteria for 

the studies used. Cabeza and Nyberg (2000) did not examine any studies that contained 

individuals with reported neurological or psychiatric deficits. As well, aged populations were 
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excluded without any specific age cutoff given. With respect to selective attention, Cabeza and 

Nyberg (2000) assessed ten studies that collected PET data from the Stroop test (Stroop, 1935).  

They concluded that patterns of cortical activation were present in both the frontal and parietal 

cortices as well as activity in the anterior cingulate (Cabeza & Nyberg, 1997). With respect to 

working memory, Cabeza and Nyberg (2000) reviewed eight studies that demonstrated strong 

activity in the left frontal and parietal regions as well as activation in the anterior cingulate. This 

information was congruent with results obtained through earlier lesion studies (Devinsky et al., 

1995; Harlow, 1848; Luria, 1973; Pribram, 1973).   

Table 1 highlights study findings from several meta-analytic studies that show how 

multiple regions of the brain are activated when patients work on specific cognitive tests of EF 

(Alvarez & Emory, 2006; Cabeza & Nyberg, 2000; Niendam et al., 2012; Wager & Smith, 

2003). This information is important for several reasons: 1) it demonstrates that cognitive tests of 

EF cannot distinguish between diffuse or isolated frontal lobe damage, 2) it highlights that the 

brain utilizes multiple cortices to complete even simple cognitive tests of EF, and 3) it displays 

that every cognitive test of EF can potentially be evaluating multiple cognitive domains 

associated with EF. 

Similar results were found by Alvarez and Emory (2006), who published an article giving 

a qualitative and quantitative meta-analysis of lesion and neuroimaging studies that utilized three 

of the most popular cognitive tests of EF: the Wisconsin Card Sorting Test (WCST; Heaton et al. 

1993), Phonemic Verbal Fluency (Benton & Hamsher, 1976), and the Stroop Color Word 

Interference Test (Stroop, 1935). As Table 1 illustrates, Alvarez and Emory (2006) found in a 

review of studies that the cognitive tests of EF mentioned above were sensitive to identifying 

frontal lobe damage compared to patients without brain damage. However, cognitive tests of EF 
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were unable to specify or distinguish between patients with frontal lobe damage and patients 

with diffuse brain damage (Alvarez & Emory, 2006; Eslinger, 1996; Burgess and Shallice, 

1996). 

Alvarez and Emory (2006) went on to utilize meta-analysis on these articles in order to 

increase statistical power, estimate effect sizes for the clinical and control groups, and examine 

the relationship between age and performance on cognitive tests of EF. Avalrez and Emory 

(2006) reported a nearly large effect size, d = -.78, which means that the scores on cognitive tests 

of EF for the average person in the experimental groups (frontal lobe damage) is .78 standard 

deviations lower than the average person in the clinical (diffuse brain damage) or control (no 

brain damage) group. Finally, regression analysis showed that scores on cognitive tests of EF has 

a curvilinear relationship to age (β = -4.422, t = -3.306, p = .003; Alvarez & Emory, 2006), 

indicating that EF has a developmental arch over the lifetime of individuals (Alvarez & Emory, 

2006). 

Summary and Critique of Neuroanatomy of EF  

 Upon thoroughly reviewing the literature of the neuroanatomy of EF, there are a few 

noted weaknesses and gaps to discuss. First, observations of behaviors from individuals with 

frontal lobe damage are impossible to standardize since no two brain injuries are the same. This 

makes it difficult to observe differences with respect to gender and ethnicity. Although there 

have been more than 2,500 articles on the topic on the role of EF’s in social, emotional, and 

cognitive processes, there is still no consensus on what exactly is EF is. These disagreements 

stem from a lack of standardization among experiments, inappropriate assessment procedures, 

lack of clinical and community control groups, and an absence of theory in order to understand 

what makes a function executive in nature (Alvarez & Emory, 2006; Cabeza &Nyberg, 2000; 
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Jurado & Roselli, 2007; Nienam et al., 2012; Stuss & Benson, 1984). With that in mind, it would 

be important to further investigate and validate theories of EF in order to classify some the 

research findings in a standardized, empirical manner. 

Table 1 

Meta-analyses of Brain Activation in Cognitive Tests of EF 

 
Cognitive Test 

 
Cognitive 
Abilities 
Measured 

 
Frontal Lobe 

Areas 
Activated 

 
Non-Frontal 
Lobe Areas 
Activated 

 

 
Sensitive 

to 
Frontal 
Lobe 

 
Specific 

to 
Frontal 
Lobe  

WCST 
(Berg, 1948) 

Abstract 
Reasoning; 

Concept 
Formation; 
Flexibility; 

Problem Solving; 
Response 

Inhibition; Set-
Shifting; Set-
Maintenance  

 

Dorsolateral 
Prefrontal 
Cortex; 

Orbitofrontal 
Cortex; 

Ventromedial 
Cortex 

Basal Ganglia; 
Inferior Parietal 

Cortex; 
Occipital 
Cortex; 

Occipito-
Temporal; 
Temporo-

parietal Cortex; 
Temporal Pole;  

 
 
 

Yes 

 
 
 

No 

Stroop 
(Stroop, 1935) 

Response 
Inhibition; 
Selective 
Attention 

Anterior 
Cingulate; 

Middle Frontal 
Gyrus;  

Parietal Lobe 
Regions; Motor 

Areas; 
Temporal Lobe 

Regions 

Partiallya No 

Phonemic 
Verbal Fluency 

(Benton and 
Hamsher, 1976) 

 

Verbal Fluency; 
Working 
Memory 

Anterior 
Cingulate; 

Dorsolateral 
Prefrontal 

Cortex; Left 
Inferior 

Frontal Gyrus 
 

Parietal Lobes; 
Temporal 

Lobes; 
Thalamus 

Yes No 

Note. Adapted from “Executive function and the frontal lobes: A meta-analytic review,” by 
Alvarez J.A., & Emory, E., 2006, Neuropsychology Review, 16(1), 17-42. Copyright 2006 by 
Springer; “Imaging Cognitions,” by Cabeza, R., & Nyberg, L., 2000, Journal of Cognitive 

Neuroscience, 9(1), 1-26. Copyright 2000 by MIT Press Journals; “The elusive nature of EF: A 
review of our current understanding,” by Jurado, M. B., & Roselli, M., 2007, Neuropsychology 

Review, 17, 153-173. Copyright 2007 by Springer; “Meta-analytic evidence for a superordinate 
cognitive control network subserving diverse executive functions,” by Niendam, T. A., Laird, A. 
R., Ray, K. L., Dean, M. Y., Glahn, D. C., & Carter, C. S., 2012, Cognitive Affective Behavioral 
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Neuroscience, 12, 241-268. Copyright 2012 by Springer; “Neuroimaging studies of working 
memory: A meta-analysis,” by Wager, T. D., & Smith, E. E., 2003, Cognitive, Affective & 

Behavioral Neuroscience, 3(4), 255-274. Copyright 2003 by Springer. 
a The Stroop test was only sensitive to identifying specific parts of the frontal lobe (e.g., lateral 
and superior medal) 
 
Table 1 continued 
 
Meta-analyses of Brain Activation in Cognitive Tests of EF 

 
Cognitive 

Test 

 
Cognitive 
Abilities 

Measured 

 
Frontal Lobe Areas 

Activated 

 
Non-Frontal 
Lobe Areas 
Activated 

 

 
Sensitive 

to 
Frontal 
Lobe 

 
Specific 

to 
Frontal 
Lobe  

 
 Digit Span 
(Wechsler, 

2009) 

Working 
Memory; 
Planning 

 

Anterior Cingulate; 
Dorsolateral Prefrontal 
Cortex; Inferior Frontal 
Cortex; Superior Frontal 

Cortex; Ventrolateral 
Prefrontal Cortex;  

 

Posterior Parital 
Cortex; Inferior 

Temporal 
Cortex; 

Supramarginal 
Gyrus; Ventral 

Occipital 
Regions 

 
Yes 

 
No 

Tower of 
London 

(Schnirman, 
1982) 

Planning; 
Inhibition, 
Working 
Memory 

 

Anterior Cingulate; Left 
Prefrontal Cortex; 

Middle Dorsolateral 
Prefrontal Cortex; Right 

Prefrontal Cortex; 
Rostrolateral Prefrontal 

Cortex 

Cuneus and 
Precuneus; 

Supramarginal 
Gyrus;  

Yes No 

Note. Adapted from “Executive function and the frontal lobes: A meta-analytic review,” by 
Alvarez J.A., & Emory, E., 2006, Neuropsychology Review, 16(1), 17-42. Copyright 2006 by 
Springer; “Imaging Cognitions,” by Cabeza, R., & Nyberg, L., 2000, Journal of Cognitive 

Neuroscience, 9(1), 1-26. Copyright 2000 by MIT Press Journals; “The elusive nature of EF: A 
review of our current understanding,” by Jurado, M. B., & Roselli, M., 2007, Neuropsychology 

Review, 17, 153-173. Copyright 2007 by Springer; “Meta-analytic ev-idence for a superordinate 
cognitive control network subserving diverse executive functions,” by Niendam, T. A., Laird, A. 
R., Ray, K. L., Dean, M. Y., Glahn, D. C., & Carter, C. S., 2012, Cognitive Affective Behavioral 

Neuroscience, 12, 241-268. Copyright 2012 by Springer; “Neuroimaging studies of working 
memory: A meta-analysis,” by Wager, T. D., & Smith, E. E., 2003, Cognitive, Affective & 

Behavioral Neuroscience, 3(4), 255-274. Copyright 2003 by Springer. 
a The Stroop test was only sensitive to identifying specific parts of the frontal lobe (e.g., lateral 
and superior medal) 
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 Neuroimaging studies became a new way to observe the relationship between brain 

activation and cognitive tests of EF (Alvarez & Emory, 2006; Cabeza & Nyberg, 2000; Jurado & 

Roselli 2007; Niendam et al., 2012; Wager & Smith, 2003). Studies showed that cognitive tests 

of EF activated multiple frontal and non-frontal regions of the brain (Alvarez & Emory, 2006; 

Cabeza & Nyberg, 2000; Niendam et al., 2012; Wager & Smith, 2003). Cognitive tests of EF 

required complex brain activation in order to efficiently analyze, persist, and solve problems 

(Alvarez & Emory, 2006; Cabeza & Nyberg, 2000; Niendam et al., 2012; Wager & Smith, 

2003). Neuropsychology research has been interested in matching executive functions to specific 

brain regions; however, this method has been shown to be ineffective due to the multiple brain 

regions needed for even simple EF tests (Alvarez & Emory, 2006; Cabeza & Nyberg, 2000; 

Jurado & Roselli, 2007; Niendam et al., 2012; Wager & Smith, 2003). Since neuroimaging 

research has refuted the idea that cognitive tests of EF specifically evaluate frontal lobe function, 

researchers must reconsider how best to define and conceptualize EF. One proposed method is to 

revert back to observable deficits. Before neuroimaging, soldiers’ behaviors displayed symptoms 

of impulsiveness, disinhibition, and inattention, mirroring symptoms that match the 

developmental shortcomings of what would later be considered ADHD (Cabeza & Nyberg, 

2000; Collette et al., 2005; Cummings, 1993; Harlow, 1848; Miyake et al., 2000; Stuss & 

Benson, 1984; Verfallie & Heilman, 1987). It may be beneficial for researchers to consider a 

more multi-tiered approach to evaluating EF that incorporates more subjective approaches in 

order to better identify and treat medical and mental health disorders associated with EF 

(Barkley, 2012; Jurado & Roselli, 2007). As mentioned previously, one of the most commonly 

associated mental health disorders affected by EF deficits is ADHD (Barkley. 2012; Jurado & 

Roselli, 2007). 
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Attention-Deficit Hyperactivity Disorder and its Theoretical Link to EF 

The following section briefly discusses the diagnostic criteria for ADHD in adults, the -

link between EF and ADHD, prevalence rates in adults and college students, and the effect 

ADHD symptoms or EF deficits have on major life domains (academic, driving, and work). As 

mentioned previously, Attention-Deficit Hyperactivity Disorder is one of the most well-

researched psychiatric disorders with links to the frontal lobe and deficits in EF (Barkley, 1997a, 

2011a, 2012; Barkley & Brown, 2008; Biederman et al., 2004; Biederman & Faraone, 2006; 

Biederman et al., 2008; Boonstra et al., 2005; Chelune, Ferguson, Koon, & Dickey, 1986; Fuster, 

1997; Hervey et al., 2004; Nigg et al., 2005; Oosterlaan, Scheres & Sergent, 2005; Seidman, 

2006; Seidman et al., 1997; Tripp & Wickens, 2009; Welsh & Pennington, 1988; Weyandt, 

2009; Willcut et al., 2005). The latest edition of the Diagnostic and Statistical Manual of Mental 

Disorders (DSM-5; APA, 2013) classifies ADHD as a developmental disorder, the diagnosis for 

which is dependent on the presence of six or more symptoms of either inattention or 

hyperactivity and impulsivity before the age of twelve (APA, 2013). There are three subtypes of 

ADHD: Predominantly Inattentive Presentation (i.e., 6 or more inattention symptoms endorsed), 

Predominately Hyperactive-Impulsive Presentation (i.e., 6 or more hyperactivity-impulsivity 

symptoms endorsed), or Combined Presentation (i.e., 6 or more symptoms for both inattention 

and hyperactivity-impulsivity endorsed) (APA, 2013). Some symptoms of ADHD mirror deficits 

previously observed in patients with frontal lobe damage: difficulty sustaining attention 

(Selective Attention), is often forgetful in daily activities (Working Memory), often blurts out 

answers before questions are finished (Inhibition), and is often reluctant to engage in tasks that 

require sustained mental effort (Set-Maintenance) (APA, 2013; Bush, Valera, & Seidman, 2005).  
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Typically, a diagnosis of ADHD in adults is obtained through a combination of cognitive 

tests of EF, clinical interviews, and rating scales measuring symptoms of inattention, 

hyperactivity, and impulsivity (Barkley, 2006; DuPaul et al., 2009). These measures are often 

completed by both the patient and an objective observer such as a close friend or family member 

who is familiar with the patient (Barkley, 2006; DuPaul et al., 2009). The purpose of such an 

extensive battery is to identify how the individual’s symptoms match to the DSM-5 (APA, 2013) 

as well as rule out other probable causes for academic difficulty such as learning disabilities 

(DuPaul et al., 2009).   

The neuroanatomy of ADHD has had a consistent link to deficits in EF, playing a major 

role in some current theories of ADHD (Barkley, 1997a; Pennington & Ozonoff, 1996; Seidman, 

2006; Tripp & Wickens, 2009). In part, this is due to observations of patients with frontal lobe 

damage displaying similar symptoms of ADHD (Harlow, 1848; Mattes, 1980; Seidman, 2006; 

Stuss & Benson, 1986). Since frontal lobe functioning was synonymous with EF, ADHD models 

were developed linking the disorder to the prefrontal cortex, subsequently leading to EF deficits 

becoming a key component of ADHD (Barkley, 1997a; Seidman, 2006). In addition, the 

successful treatment of ADHD through stimulant medication lent further evidence of the link 

between ADHD and dopamine pathways in the frontal lobe (Seidman, 2006).  

 Neuroimaging studies show that individuals with ADHD have less cortical volume and 

activation in key areas shown to be related to EF (Seidman, 2006; Seidman, Valera, & Makris, 

2005). As indicated in Table 1, these areas of the brain have been shown to be active during 

cognitive processes associated with EF such as Working Memory, Inhibition, Planning, Verbal 

Fluency, and Set-Shifting (Alvarez & Emory, 2006). This has led to a variety of theories 
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postulating that EF deficits are a key characteristic of ADHD (Barkley, 1997; Pennington & 

Ozonoff, 1996; Seidman, 2006; Tannock, 1998).  

As noted above, there is a significant overlap between the symptomology of ADHD and 

EF deficits (Antshel et al., 2010; Barkley, 1997, 2011a, 2012; Biederman et al., 2004; Biederman 

et al., 2006; Biederman et al., 2008; Boonstra et al., 2005; Castellanos et al., 2006; Pennington & 

Ozonoff, 1996; Torralva et al., 2013; Welsh & Pennington, 1988; Weyandt, 2009; Willcut et al., 

2005).  This overlap in symptomology stems from the connection both constructs have with the 

PFC (Bakley, 2011a; Jurado & Roselli, 2007). EF deficits originated from studying individuals 

with frontal lobe lesions while individuals with ADHD have demonstrated hypo-activation 

within the PFC as observed through fMRI scans (Barkley, 2012). This data lends evidence to 

Barkley’s theory that ADHD is linked to EF through neuroanatomical structures (Barkley, 2003). 

Barkley (1997) initially theorized that inhibition (one specific deficit factor of EF) could 

be the core deficit in ADHD from which all other symptoms arise (Pennington & Ozonoff, 

1996). The deficit in inhibition, according to Barkley (1997), manifests as an individual being 

unable to self-regulate their behavior by inhibiting irrelevant stimuli in order to persist on a 

targeted goal in the future. This deficit in inhibition impairs the ability for a person with ADHD 

to effectively utilize other EF in order to efficiently complete complex goals over time (Barkley, 

1997; 2012; Fuster, 1989). 

Other theories on ADHD models have attempted to explain the root of ADHD 

symptomology (Seidman, 2006; Sergeant, 2005; Sounge-Barke, 2004). Sounge-Barke (1994) 

theorized that difficulty in cognitive processes, such as inhibition and delaying rewards, may be 

the root cause of ADHD symptoms. Sergeant (2005) proposed that the interaction between 

mechanics of attention, state factors, and EF leads to deficits in information processing as well as 
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deficits in cognitive mechanics. These deficits may include issues with activation and effort, 

management/EF, and response output (Sergeant, 2005). Both of these models posit that EF 

deficits are not specific to ADHD, as they are present in a variety of physical and mental 

disorders previously mentioned (Seidman, 2006; Sergeant, Geurts, & Oosterlaan, 2002). 

Summary 

In summary, the links between ADHD and EF with respect to neuroanatomy and 

heritability have a strong, established history (Antshel et al., 2010; Barkley, 1997a, 2011a, 2012; 

Barkley & Brown, 2008; Biederman et al., 2004; Biederman & Faraone, 2006; Biederman et al., 

2008; Boonstra et al., 2005; Chelune, Ferguson, Koon, & Dickey, 1986; Fuster, 1997; Hervey et 

al., 2004; Nigg et al., 2005; Oosterlaan, Scheres & Sergent, 2005; Seidman, 2006; Seidman et al., 

1997; Tripp & Wickens, 2009; Welsh & Pennington, 1988; Weyandt, 2009; Willcut et al., 2005).  

At first, there were individuals who suffered from frontal lobe injuries displaying symptoms of 

impulsiveness, disinhibition, and inattention mirroring symptomology that would later match the 

developmental shortcomings commonly associated with ADHD (Cabeza & Nyberg, 2000; 

Collette et al., 2005; Cummings, 1993; Harlow, 1848; Miyake et al., 2000; Stuss & Benson, 

1984; Verfallie & Heilman, 1987). Afterwards, advanced neuroimaging studies highlighted 

hypo-activation in the PFC in individuals with ADHD. As well, pharmaceutical interventions 

were used to stimulate the frontal lobe and decrease ADHD symptomology (Biederman, Spencer 

& Wilens, 2004; Tripp & Wickens, 2009). In summary, EF deficits are clearly linked to ADHD 

through neurological, structural, and functional brain differences in ADHD individuals (Barkley, 

1997; 2011a; 2012; Fuster, 2001; Harlow, 1848). 
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Barkley’s Theory of EF and ADHD 

Barkley’s (2012) theory of EF provides another explanation of the relationship between 

ADHD and EF. This section will provide a brief overview of the EF levels in Barkley’s (2012) 

theory followed by details explaining how ADHD deficits can be viewed within those levels.  

Barkley (2012) goes on to describe a hierarchical theory of EF that contains several levels of EF 

that develop as a person matures throughout his or her life (i.e., instrumental-self-directed; 

methodical-self-reliant; tactical-reciprocal; strategic-cooperative; and principled-mutualistic).  

Within this theory, Barkley (2012) discussed how each level of EF is crucial in developing 

increasingly complex methods in order to obtain a future consequence. As a result, greater levels 

in EF not only increase the person’s ability to delay consequences in order to obtain a long-term 

goal, but they also allow the individual to work towards more abstract goals with larger groups 

of people. 

This initial level of executive function (instrumental-self-directed) demonstrates 

primarily overt behaviors that become more internalized as the person develops over time such 

as attention, inhibition, and self-speech (Barkley, 2012). Barkley (2012) states that cognitive 

tests of EF could play a part in measuring aspects of the instrumental-self-directed level, 

specifically aspects of inhibition, working memory, problem solving, etc. The second level of EF 

(methodical-self-reliant) consists of “overt goal-directed actions and behavior” (Barkley, 2012, 

p.  65). Barkley described this level as self-reliant, with the individual typically not being 

interested in mutually beneficial tasks to assist others in the community (Barkley, 2012). The 

third level of EF (tactical-reciprocal) consists of an individual creating a socially symbiotic 

relationship characterized by working with others to obtain mutually beneficial goals (Barkley, 

2012). The fourth level of EF (strategic-cooperative) consists of an individual contributing as a 
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member of a group to a goal that would be impossible to accomplish on the individual level 

(Barkley, 2012). The final level of EF (principled-mutualistic) consists of utilizing “a set of 

‘strategies’ employed to achieve the longest range, most complex, and most abstract forms of 

human goal-seeking” (Barkley, 2012; p. 155). 

With respect to ADHD, Barkley (2012) stated that EF tests appear to measure lower 

levels of EF demonstrated by the Instrumental—Self-Directed level (Barkley 2012). This level 

demonstrates overt symptoms of inattention, hyperactivity, and impulsivity seen in ADHD.  

Tests of EF will typically examine this lower level of EF. However, deficits in higher levels of 

EF can only be assessed through the use of rating scales (Barkley 2012). This is due to higher 

levels of EF, such as the Methodical—Self-Reliant level, involving more complex, emotional 

and social interactions that are not measurable through objective measures and EF tests (Barkley, 

2012).  

Attention-Deficit Hyperactivity Disorder in College Students 

Compared to adults with ADHD, there is preliminary evidence that suggests college 

students with ADHD are a unique subset of the adult population due in part to their higher-than-

average cognitive ability (Glutting et al., 2005). According to Glutting et al., (2005) college 

students with ADHD are likely to have had greater success in secondary school as well as 

formed better compensatory behavior than adults with ADHD in the general population. Antshel 

et al. (2010) expanded on this notion, stating that those individuals who do enter college without 

a previous diagnosis of ADHD most likely benefited either from higher cognitive functioning or 

other protective factors such as structure provided by parents or guardians.   

Despite the protective factors listed above, college students with ADHD are more 

susceptible to the following at-risk behaviors than their non-ADHD peers: illicit drug and 
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alcohol use (Baker, Prevatt, & Proctor, 2012), excessive gambling (Breyer, Botzet, Winters, 

Stinchfield, August, & Realmuto, 2009), poor driving (Thompson, Molina, Pelham, & Gnagy, 

2007), poor work performance (Shifin, Proctor, & Prevatt, 2010), academic difficulty (Murphy, 

Barkley, & Bush, 2002), difficulty in time-management (Reaser et al., 2007), poor social skills 

(Shaw-Zirt, Popali-Lehane, Chaplin, & Bergman, 2005), and emotional impulsivity (Bush, 

Valera, & Seidman, 2006). With these risk factors in mind, it is vital that clinicians have reliable 

and valid measures in order to identify deficit areas related to college students with ADHD to be 

able to provide the appropriate resources and services (Boonstra et al., 2005).  The following 

sections will expand upon the three most pertinent life domain areas affected by ADHD: 

Academic, Driving, and Work.  

Academic.  One of the most notable deficits in college students with ADHD is academic 

performance (Antshel et al., 2010; Barkley, 2011a; Dupaul, Weyandt, O’Dell, & Varejao, 2009).  

Common academic difficulties with students with ADHD are poor study skills, lack of 

motivation, and poor time-management (Dupaul, Weyandt, O’Dell, & Varejo, 2009; Proctor & 

Prevatt, 2009; Reaser, Prevatt, Petscher, & Proctor, 2007).  Weyandt et al. (2013) noted that 

college students with ADHD had significant group differences with respect to grades compared 

to their non-ADHD student peers. In addition, college students with ADHD also self-reported 

significantly more academic problems such as being put on academic probation than their non-

ADHD peers (DuPaul et al., 2009). However, DuPaul et al. (2009) noted a limitation in the 

literature that covers college students with ADHD, stating that researchers often do not 

investigate potential differences with respect to gender on academic performance. As well, 

DuPaul et al. (2009) did not state that the literature of ADHD in college students evaluates the 

effect ethnicity has on academic performance. According to Glutting et al. (2005), symptoms of 
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inattention significantly correlated with poor academic achievement.  Barkley et al. (2006) 

reported that only 20% of adults with ADHD will choose to enter college. College students with 

ADHD are less likely to self-regulate their behavior effectively due in part to leaving the 

structured, organized environment provided by their parents (Antshel et al., 2010; Barkley, 

2011a; DuPaul, Weyandt, O’Dell, & Varejao, 2009).  

A study conducted by Rabiner et al. (2008) surveyed 1,648 first-semester freshmen in 

order to discover if there were significant differences on academic performance between college 

students who disclaimed being diagnosed with ADHD and those without a diagnosis of ADHD. 

Due to the large discrepancy in students who did not have a diagnosis of ADHD, a group of 100 

students was selected as the non-ADHD control group in order to match the gender and ethnicity 

characteristics of the ADHD sample (Rabiner et al., 2008). The researchers discovered that 

compared to their non-ADHD peers, college students with ADHD endorsed more concerns about 

their academic performance and higher symptoms of depression. As well, no effects were found 

with respect to gender and ethnicity. This demonstrates that college students with ADHD will 

likely require additional resources in order to promote their academic success. 

 Driving.  In addition to academics, research indicates that college students with ADHD 

display at-risk behavior while driving (Barkley, 2011a; Barkley, Anderson, & Kruesi, 2007; 

Richards et al., 2006).  There has been a consistent finding correlating higher symptoms of 

inattention with higher at-risk behaviors with respect to driving (DuPaul et al., 2009). Barkley, 

Murphy, DuPaul, and Bush (2002) conducted a study evaluating a group of 105 young adults 

with ADHD and 64 young adults without ADHD who were between the ages of 17-28 years old. 

The ADHD group consisted of individuals who were referred to a clinic at a northeastern 

medical school, making this a sample of convenience. These individuals were evaluated and 
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given a diagnosis by a trained clinician before participating in the study. Barkley et al. (2002) 

reported no significant gender or ADHD subtype differences were found on driving 

performance, making this a strength of the study. The results of the study indicated that adults in 

the ADHD group received poorer ratings on decision making and on a test of driving rules 

compare to their non-ADHD peers (Barkley et al., 2002). As well, other studies have indicated 

that college students with ADHD are more likely than their non-ADHD peers to be found at fault 

for an accident, to drive while intoxicated, to be ticketed for reckless driving, and four times 

more likely to be involved in car accidents (Barkley, 2011a; Barkley, Anderson, & Kruesi, 2007; 

Richards et al., 2006). A longitudinal study conducted be Woodward, Fergusson, & Horwood 

(2000) following over 1,000 New Zealand students showed that higher inattention symptoms 

were significantly correlated with being more prone to accidents, drinking and driving, being 

arrested for drinking, engaging in street racing and being fined for not having a license or 

registration. Barkley, Anderson, and Kruesi (2007) found that ADHD medication can actually 

improve driving performance significantly. Therefore, it is imperative for college students with 

ADHD to be identified and utilize empirically based interventions in order to lower their at-risk 

behavior (Barkley, 2011a; Barkley, Anderson, & Kruesi, 2007; Richards et al., 2006).  

 Work.  Occupational performance also presents itself as a life domain negatively 

affected by symptoms of ADHD (Barkley, 2011a; Barkley & Murphy, 2010; Shifrin, Proctor, & 

Prevatt, 2010; Wilens, Faraone, & Biederman, 2004). This is partially because being at work 

requires one to carry out multiple tasks throughout the day as well as be vigilant to various 

customer or occupational needs (Barkley & Murphy, 2010). Individuals with ADHD often 

struggle with time management, organization, and problem solving which consequently leads to 

various negative consequences (Barkely & Murphy, 2010). These negative effects of ADHD 
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symptoms can lead to a greater chance of being unemployed, being reprimanded by one’s 

superior, receiving less wages, and being fired from their jobs (Barkley & Murphy, 2010).   

In a study conducted by Painter, Prevatt, and Wells (2008), 81 participants (48% male) 

ranging from the ages of 22 to 56 years old were examined to see if ADHD symptoms predicted 

dysfunctional career thoughts, commitment anxiety, and external conflict. The sample of ADHD 

participants were recruited from two universities and were classified as being in the ADHD 

group through the use of a self-report scale cutoff score (Painter, Prevatt, & Wells, 2008). 

Results indicated that ADHD symptoms significantly predicted dysfunctional career thoughts 

while controlling for gender and age (Painter, Prevatt, & Wells, 2008). As well, gender effects 

were noted as men endorsed significantly higher items on commitment anxiety, external conflict, 

and total dysfunctional career thoughts (Painter, Prevatt, & Wells, 2008). In contrast, men 

reported significantly lower levels of extrinsic job satisfaction. Despite several analyses 

examining the effect of age, gender, and year in college, no information regarding ethnicity 

characteristics was presented (Painter, Prevatt, & Wells, 2008). College students with ADHD 

also have a greater likelihood of adversely affecting their current and future career goals due to 

ADHD symptomology (Barkley, 2011a; Barkley & Murphy, 2010; Shifrin, Proctor, & Prevatt, 

2010; Wilens, Faraone, & Biederman, 2004). With this in mind, it is imperative that researchers 

continue to find reliable, valid, and cost-effective ways to identify ADHD and provide 

appropriate interventions to students with ADHD. 

Shifrin, Proctor and Prevatt (2010) evaluated 303 undergraduate students, 57% female 

and 43% male, to see if there were significant effects for gender on the following items: severity 

of symptoms in the workplace, total symptoms or number of work performance, severity of work 

areas impacted, number of work areas impacted, frequency of being fired from a job, and overall 
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work performance. No significant differences were found with respect to gender. With respect to 

ethnicity and gender, Barkely et al. (2008) analyzed employer ratings of work performance on 39 

individuals with ADHD, 25 clinical control participants, and 50 community control participants. 

Alongside ethnicity, no significant effects were found for gender with respect to employer 

ratings. 

Summary and Critical Analysis of ADHD in College Students 

 After critically reviewing the literature on the effect of ADHD in a college student 

population, some limitations and weaknesses should be considered. Researchers evaluate ADHD 

in college students in a variety of ways which may limit the validity of findings. Some 

researchers survey large groups of students, asking if they’ve received a previous diagnosis of 

ADHD, while others survey symptoms of ADHD and separate individuals into ADHD groups 

based on a cutoff score (Green & Rabiner, 2013). As well, some researchers utilize a school 

clinic to evaluate ADHD through the use of a clinical battery of assessments, self-report scales, 

other-informant scales, and clinical interviews. Within each of these examples, students are often 

obtained as part of a convenience sample rather than a more representative sample throughout 

multiple institutions (Green & Rabiner, 2013). As well, some studies do not include a power 

analysis to demonstrate that their sample is sufficient to meet a specific effect size. Although 

many articles contain information regarding gender and ethnicity and utilize appropriate statistics 

to assess for effects, few articles have considered the effects of comorbid disorders could have on 

academic, driving, and work performance (Green & Rabiner, 2013). To address these issues, it 

would be important for studies to have a consistent method of assessing ADHD in students, 

screening for potential effects of confounding variables including comorbid disorders, and 

obtaining an appropriate sample size based on a power analysis. 
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College students with ADHD are a unique population that is more susceptible to deficits 

in academic, driving, and work domains (Barkley, 2011a; Barkley, Anderson, & Kruesi, 2007; 

Barkley & Murphy, 2010; Rabiner et al., 2008; Richards et al., 2006; Shifrin, Proctor, & Prevatt, 

2010; Weyant et al., 2005; Wilens, Faraone, & Biederman, 2004). These deficits can occur as 

early as childhood and often persist beyond college life. Without proper interventions, students 

with ADHD face a plethora of challenges with finding supportive interpersonal relationships, 

driving safely, and performing well at an occupation (Barkley, 2011a; Barkley, Anderson, & 

Kruesi, 2007; Barkley & Murphy, 2010; Rabiner et al., 2008; Richards et al., 2006; Shifrin, 

Proctor, & Prevatt, 2010; Weyant et al., 2005; Wilens, Faraone, & Biederman, 2004). As such, it 

is imperative that college students are evaluated for ADHD symptoms in order to provide 

protective factors to assist them in succeeding.   

An evaluation of work performance in college students has some unique challenges and 

limitations to consider. For example, some college students will obtain their first job during their 

time in college. Conversely, college students may have held a variety of part-time jobs through 

high school and continue doing so into college. Other students may not have any practical work 

experience. These limitations show how work performance may not be a stable construct across 

college students and might limit the generalizability of findings across other college students. 

Previous studies have also noted difficulties related to recall bias and social expectations that 

may lead to underreporting in college students’ occupational performance (Barkley & Murphy, 

2010). 

Measurement of EF in ADHD 

Cognitive tests of EF versus the BDEFS.  In order to analyze the multiple factors that 

are associated with EF, researchers need to produce reliable and valid ways to measure this 
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construct.  Some researchers believe in the use of cognitive tests of EF to diagnose and analyze 

deficits seen in individuals (Barkley, 2011a; 2012; Duncan et al., 1997; Jurado & Rosselli, 

2007).  Others believe that EF rating scales provide a more ecologically valid method to evaluate 

daily life EF deficits (Barkley, 2011a; 2012; Duncan et al., 1997; Jurado & Rosselli, 2007). 

For the purpose of this proposal, cognitive tests of EF are defined as standardized 

measures administered in order to analyze an objective performance on a specific EF factor 

(Barkley, 2012).  For example, a cognitive test of EF might measure attentional focus by 

counting how many errors the patient makes or measure processing speed by recording the time 

it takes for a patient to complete a set of questions (Barkley, 2011a).  In this proposal, EF rating 

scales are defined as subjective measures in which the patient (self-report) or a person 

knowledgeable of the patient (informant) rates the severity of EF deficits shown by the patient on 

a sliding scale (Barkley, 2012).  For example, an EF rating scale might measure organizational 

skills by asking the patient to rate statements such as “I have trouble organizing my thoughts” on 

a scale of one (Never or Rarely) to four (Very Often) (Barkley, 2011a).  It is important to 

understand the benefits and weaknesses for diagnosing ADHD with objective, cognitive tests of 

EF and using subjective EF rating scales to see which method is more reliable and valid in 

diagnosing ADHD. 

Cognitive tests of EF as measures of ADHD.  Since it has been difficult to provide a 

consistent operational definition for EF, researchers have focused on measuring specific factors 

that fall under the EF umbrella (Barkley, 2011a; 2012; Jurado & Rosselli, 2007).  However, most 

cognitive tests of EF are multifaceted (Table 2), meaning they are unable to measure one EF 

factor independent of others (Barkley, 2012).  For example, a test of Working Memory, such as 

the Numbers Reversed subtest of the Woodcock Johnson Test of Cognitive Ability – III (WJ-III 
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COG; Woodcock, McGrew, & Mathers, 2001a), purports to measure Working Memory as well 

as measuring aspects of selective attention.  This seems logical, as it is not possible to hold 

information in Working Memory if one does not also have the ability to attend to stimuli and is 

able to inhibit irrelevant information.  A complete overview of all EF factors and tests is beyond 

the scope of this literature review.  Thus, only a small selection of tests will be focused on, 

including multiple subtests of the WJ-III COG and Woodcock Johnson Test of Achievement 

(WJ-III ACH; Woodcock, McGrew, & Mathers, 2001b).   

While cognitive tests of EF are used to measure all types of deficits in EF, the WJ-III 

(Woodcock, McGrew, & Mathers, 2001b) subtests are commonly administered when evaluating 

ADHD within the college population in order to account for a learning disability. This makes 

them a more relevant cognitive test of EF to discuss in detail within this review (Ford et al., 

2003).  The WJ-III COG has been extensively researched, providing evidence towards its 

reliability and validity in the evaluation of various cognitive factors in adults (Woodcock, 

McGrew, & Mathers, 2001a; 2001b; Floyd, Shaver, & McGrew, 2003).  In addition, this section 

will briefly highlight some commonly used cognitive tests of EF, as well as their validity with 

respect to ADHD. 

Five subtests from the Woodcock-Johnson III Tests of Cognitive Abilities (WJ III COG) 

were administered to determine performance on several areas of cognitive functioning 

commonly associated with EF.  The following five subtests included: Auditory Working Memory, 

Concept Formation, Numbers Reversed, Memory for Words, and Visual Matching.  Several of these 

five subtests, as shown in Table 2, cover multiple cognitive areas closely associated with EF 

(Woodcock, McGrew, & Mathers, 2001a; 2001b; Floyd, Shaver, & McGrew, 2003). 
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Table 2 
 
Cognitive Tests of EF  

Measure Inhibition 
Problem 

Solving/Set-
Shifting 

Selective 
Attention 

Verbal Fluency 
Working 
Memory 

Auditory Working 
Memory X  X  X 

Concept Formation  X    

Numbers Reversed X  X  X 

Memory for Words   X X X 

 
Visual Matching 

 
X 

    

 

Inhibition. When assessing EF with measures of inhibition, researchers tend to utilize 

tests that require the subject to focus on a task while inhibiting a salient stimulus that was 

irrelevant to the task (Burgess & Shallice, 1996, 1997; Heaton, 1981; Stroop, 1935).  Common 

cognitive tests of EF that measure inhibition include the Stroop Color Word Test (Stroop, 1935) 

and the Wisconsin Card Sort Test (WCST; Heaton, 1981).  The subtest of Visual Matching from 

the WJ-III COG can also be conceptualized as a measure of inhibition and falls under the 

Processing Speed cognitive cluster (Woodcock, McGrew, & Mathers, 2001a).  This subtest 

consists of a person rapidly responding by matching a series of numbers.  However, the sets of 

numbers are extremely similar in look, requiring the person to identify and inhibit incorrect 

responses (e.g. sample of numbers given to match: 6789, 6879, 6978, 6789). 

Analyzing the ecological validity of poor performance on the Stroop test (Stroop, 1935) 

to daily life deficits has led to some small but significant results.  For example, studies have 

examined if scoring poorly on the Stroop test translates into poor performance driving (Barkley 
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& Fischer, 2011; Barkley & Murphy, 2011).  When comparing self-report driving behavior to 

scores on the Stroop test, Barkley & Murphy (2011) found that the Stroop interference score was 

significant in its association to speeding citations only accounting for 1.5% of the variance, as 

well as accounting for 1.7% of the variance for receiving a DUI citation (Stroop, 1935).  This 

would seem to indicate that the Stroop interference score demonstrated some ecological validity 

on predicting poor driving performance; however, the associations only account for 

approximately 1-2% of the variance with respect to speeding citations, making them relatively 

small (Barkley & Murphy; Stroop, 1935).  When comparing the Stroop test to self- and other- 

rating scales of ADHD symptoms, no significant correlations were noted (Barkley & Fischer, 

2011; Stroop, 1935).  In addition, the Stroop test could not differentiate groups of persistent and 

non-persistent ADHD from a clinical control group (Barkley & Fischer, 2011; Stroop, 1935). 

These results mirror that of the Stroop tests inability to specify frontal lobe damage from a 

clinical control group with diffuse brain damage (Alvarez & Emory, 2007; Cabeza & Nyberg, 

1997; Stroop, 1935). 

Selective attention. Attention is a commonly recognized factor of EF.  Tests of attention 

typically focus on the ability of an individual to remain vigilant for an extended period of time 

(Conners, 1995).  Two examples of the tests commonly used include the Conner’s Continuous 

Performance Test (CPT; Conners, 1995) and the Gordon Diagnostic System (GDS; Gordon, 

1983).  These tests calculate attention by identifying how many omission errors, reaction time, 

and commission errors an individual makes while trying to identify a stimulus in the presence of 

distractors.  In addition to these tests, several subtests in the WJ-III COG measure broad 

attention, including Numbers Reversed and Auditory Working Memory. Once again, these 

cognitive tests of EF purport to measure multiple areas of cognition, Working Memory and 
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Selective Attention.  These subtests require the individual to listen to a set of numbers or objects 

in order to restate the items in a different order (Woodcock, McGrew, & Mathers, 2001a). 

With respect to CPT (Conners, 1995), results have indicated that there were significant 

group differences between individuals with ADHD (N = 142) and a community control group (N 

= 109) (Barkley et al., 2008).  In addition, the ADHD group scored significantly worse than a 

clinical control group on omission errors and had significantly worse reaction time during the 

test (Barkley et al., 2008). A meta-analysis by Willcutt et al. (2005) found that CPT (Conners, 

1995) omission and commission errors demonstrated a medium effect size (.51—64), meaning 

that individuals with ADHD performed .51 to .64 standard deviations worse than non-ADHD 

control groups. Barkley et al. (2008) evaluated the potential effect of gender on CPT scores with 

individuals diagnosed with ADHD compared (n = 105) to a community control group (n = 64). 

He indicated there were no significant effects. However, there were no reported analyses 

conducted with respect to effects of ethnicity on CPT scores (Barkley, 2008).  The CPT 

(Conners, 1995) was also able to predict some minor but significant anti-social activities as well 

as account for 2.5% of the variance of crime diversity and 3.3% of the variance of frequency of 

being in jail (Barkley & Murphy, 2011). 

Working memory. Working Memory is one of the most frequently studied constructs in 

EF.  Tests of Working Memory typically involve subjects retaining information in their minds 

while engaging in complex tasks (Burgess & Shallice, 1996; Lezak, Howieson, & Loring, 2004; 

Wechsler, 2009; Willcutt et al., 2005; Woodcock, McGrew, & Mathers, 2001a). 

The following subtests in the WJ-III COG are known to measure working memory: 

Numbers Reversed, Auditory Working Memory, and Memory for Words.  Each of these subtests 
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require the individual to hold information and manipulate the order of the items in order to state 

them in the correct order (Woodcock, McGrew, & Mathers, 2001a; 2001b).   

A review of neurophysiological studies (such as neuroimaging) indicates that cognitive 

tests of EF and Working Memory consistently demonstrate activation of the PFC during 

cognitive tests of Working Memory (Alvarez & Emory, 2006; Neindam et al., 2012; Willcutt et 

al., 2005). Willcutt and colleagues (2005) conducted a meta-analysis of studies that identified 

significant differences between groups with and without ADHD on all thirteen cognitive tests of 

EF administered. When analyzing studies examining the relationship between ADHD and 

Working Memory, they found that six out of eight studies showed significant group differences 

in performance on Spatial Working Memory test (Willcutt et al., 2005) and produced a medium 

effect size (d =.63).  Willcutt et al. (2005) stated that those studies that did not demonstrate a 

significant effect were most likely affected by small sample size.   

Problem solving/set-shifting. Constructs that involve problem solving/set-shifting 

usually demand that the individual switches between ways of thinking in order to infer a solution 

to an abstract test.  Examples of these cognitive tests include the following: Tower of Hanoi, 

Trail Making Test, Concept Formation subtest from the WJ-III Cog, and the WCST (Heaton, 

1981).   

The WCST (Heaton, 1981) has been discussed as one of the most common measures of 

EF (Baddeley, 1996; Barcelo & Knight, 2002; Reitan & Wolfson, 1994; Spreen & Strauss, 1998; 

Stuss & Benson, 1986; Stuss & Levine, 2002).  Originally, this test was administered by asking 

participants to sort in a variety of ways which allowed researchers to analyze both abstract 

reasoning and set-shifting (Alvarez & Emory, 2006; Vigotsky, 1939; Weigl, 1941; Zable & 
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Harlow, 1946).  Milner (1963) would later adapt this original version, which led to the standard 

test used today.   

The WCST (Heaton, 1981) seems to possess a reliable ability to distinguish whether a 

person has brain lesions but has noted difficulty specifying if the lesions are present in the frontal 

lobe.  Additional studies show that the WCST (Heaton, 1981) is not a specific marker of frontal 

lobe deficits, as poorer scores result from individuals who have posterior or thalamic lesions 

when compared to individuals with frontal lobe lesions (Teuber et al., 1951; Wallesch et al., 

1983).  Furthermore, WCST (Heaton, 1981) neuroimaging demonstrates the need for multiple 

components of the brain to function in order to effectively complete complex tasks.  It is likely 

that complex daily tasks utilize brain regions similar to those highlighted by individuals taking 

the WCST (Heaton, 1981).  Similar to the lesion studies, it appears that while the WCST 

(Heaton, 1981) is sensitive, this instrument does not succeed as a specific marker of frontal lobe 

deficits. 

The Concept Formation subtest on the WJ-III COG measures a person’s ability to set-

shift (i.e., trying different strategies to solve problems), plan, and problem solve rule-based 

categorization.  This cognitive subtest consists of the individual identifying, categorizing, and 

inferring rules based on a pattern of images.  Concept Formation was made to work 

independently, being put through rigorous testing that supports its reliability and validity.  As 

well, researchers have found that individuals with ADHD, both on and off medication, scored 

lower on this subtest than their non-ADHD peers (Harrier, & DeOrnellas, 2005; Woodcock, 

McGrew, & Mathers, 2001a). 

Verbal fluency. Verbal fluency tests were one of several tests first found to be sensitive 

to PFC damage (Lee et al., 1997).  Some examples of verbal fluency tests include: the Five-Point 
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Test of Design Fluency, the Learning and Memory Battery (LAMB; Multi-Health Systems, Inc., 

1995), the Memory for Words subtest from the WJ-III COG, and the Verbal Fluency Test 

(Miller, 1984).  These tests use varied methods in order to examine verbal fluency.  Miller’s 

(1984) Verbal Fluency Test asks participants to produce as many words as possible that begin 

with a specific letter.  The Memory for Words subtest on the WJ-III COG measures verbal 

working memory and consists of an individual listening and repeating a sequence of unrelated 

words that become increasingly longer.  The Five-Point Test of Design Fluency asks individuals 

to create as many unique shapes as possible within a time limit.  These tests demonstrate small 

but significant ability to differentiate ADHD groups from clinical and community control groups 

(Barkley & Murphy, 2011).   

Due to both the lack of an operational definition of EF and a lack of consistency in 

cognitive tests used to evaluate EF across studies, caution should be taken when interpreting 

meta-analyses on cognitive tests of EF (Alvarez & Emory, 2006).  In addition, it is important to 

consider that other factors such as diverse populations and clinical or non-clinical control groups 

could be used to lower the effect size.  For example, effect size may be greater when comparing 

an ADHD group to a community control group rather than a clinical control group. As such, it is 

would be more beneficial for meta-analyses to focus on specific populations and keep factors 

like evaluation, medication use, gender, and ethnicity consistent across studies to assist in 

controlling for error.  

The Utility of Cognitive Tests of EF 

The ecological utility of cognitive tests of EF in predicting daily EF deficits has become a 

matter of debate among researchers (Barkely, 2012; Barley & Murphy, 2010; Jurado & Roselli, 

2007).  Researchers initially used cognitive tests of EF as a way of identifying damage to the 
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frontal lobe (Harlow, 1848; Lezak, 1983; Luria, 1973).  Cognitive tests of EF have been shown 

to be a valid measure in identifying patients with lesions compared to a control group (Alvarez & 

Emory, 2006).  However, several researchers argue that cognitive tests of EF have little, if any, 

ecological validity on predicting daily EF deficits (Barkley, 2011a; 2012; Barkley & Murphy, 

2011; Jurado & Roselli, 2007). 

Ecological validity is typically measured by comparing results of cognitive tests of EF to 

self-report measures that indicate level of impairment within a specific life domain (e.g., driving, 

occupational, etc.) (Barkley, 2011a).  For review, an EF rating scale is a subjective measure in 

which the patient (self-report) or a person knowledgeable of the patient (informant) rates the 

severity of EF deficits shown by the patient on a sliding scale (Barkley, 2012).  Burgess et al. 

(1998) found that the performance on cognitive tests of EF did not correlate with EF rating scales 

that measured deficits seen in daily activities.  Barkley and Murphy (2011) found similar results 

when using a variety of cognitive tests of EF to predict deficits in occupational performance.  

Even when combining cognitive tests of EF together, researchers found that a relatively small 

portion of the variance was accounted for when predicting real world deficits such as 

maladaptive driving and occupational behaviors (Barkley, 2011a; 2012; Barkley & Murphy, 

2010; Jurado & Roselli, 2007; Rapport, Orban, Kofler, & Friedman, 2013).  This information has 

led researchers to believe that cognitive tests of EF do not measure the same constructs as self-

report rating scales. 

Cognitive tests of EF, such as the CPT, have been criticized for their relatively short 

administration time, which researchers say may not be sufficient in measuring sustained attention 

(Barkley, 2012; Jurado & Rosselli, 2007).  These cognitive tests of EF could be producing a 

Hawthorne effect, which states that individuals will be in a more concentrated and engaged state 
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during a novel event than they will be in more menial daily tasks (Rapport, Orban, Kofler, & 

Friedman, 2013).  In fact, Zentall (1983; 2005) argued that ADHD is a deficit in physiological 

arousal as opposed to selective attention.  One of the difficulties with ADHD is the continued 

persistence on multiple tasks that must be monitored over time to complete a long-term goal 

(Barkley, 2011b; Murphy Barkley, & Tracie, 2001; Thimpson et al., 2009; Zentall, 1983; 2005).  

Cognitive tests of EF do not seem to accurately correlate with ADHD symptoms (Barkley, 

2011a; Castellanos et al., 2006; Rapport, Orban, Kofler, & Friedman, 2013).  Therefore, it is 

logical to want to gather information on patterns of maladaptive behaviors over an extended 

period of time in order to evaluate EF rather than during short and standardized tests in which the 

student is immediately aware that they are being evaluated (Barkley, 2012).   

Summary 

 Cognitive tests of EF measure a variety of factors that include intellectual functioning, 

inhibition, selective attention, problem solving, verbal fluency/verbal working memory, and 

working memory (Antshel et al., 2010; Torralva et al., 2013; Weyandt et al., 2010).  Although a 

majority of these tests are able to discriminate between groups of individuals with ADHD from 

community control groups, there is a lack of evidence that these tests provide adequete 

ecological validity in prediciting daily EF deficits (Barkley, 2012; Jurado & Roselli, 2007).  This 

could be due to the individuals focusing more intently when in a testing enviornment, the 

relatively short time span in which tests are given, the multi-faceted nature of coritical 

involvement, or the crossover of cognitive tests of EF with IQ (Ardila, Pineda, & Rosselli, 2000; 

Zentall, 1983; 2005).  In either case, the trends seem to indicate that cognitive tests of EF are not 

sufficent methods to assess for ADHD symptoms or impairment in major life domains (Barkley, 
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2011a; Barkley & Murphy, 2010; Barkley & Fischer, 2011).  Thus, it appears that cognitive tests 

of EF have limited clinical utility with respect to prediciting deficits in daily EF behavior. 

The Barkley Deficits in Executive Functioning Scale (BDEFS) for EF Measurement 

This section will provide an overview of EF rating scales with a large focus on the origin, 

construction and current clinical utility of the BDEFS (Barkley, 2011a).  There are several other 

rating scales that attempt to measure EF deficits (Burgess et al., 1998; Climie, Cadogan, & 

Goukon, 2014; Gioia et al., 2000; Naglieri & Goldstein, 2013).  A brief breakdown of each scale 

is provided in Table 3.  Many of the other EF rating scales focused on evaluating EF deficits in 

children by using other-informant reports, such as the Behavior Rating Inventory of Executive 

Function (BRIEF; Gioia et al., 2000) and the Comprehensive Executive Function Inventory 

(CEFI; Naglieri & Goldstein, 2014).  One clinical scale available for adults currently is the 

Dysexecutive Questionnaire (DEX; as cited in Barkley, 2011a; Burgess et al., 1998), which 

contained twenty clinically based items addressing a broad range of deficits demonstrated by 

individuals with frontal lobe damage.  The scale had several limitations, including a limited item 

pool of twenty questions that were not theoretically based.  Instead, the questions were derived 

from observations made on patients with frontal lobe damage.  Due to these limitations, the 

BDEFS seeks to fill a gap as a reliable, valid, theoretically-based assessment of EF deficits 

displayed in adults with ADHD (Barkley, 2011a). The benefit to having a theory-based 

assessment like the BDEFS is that it provides insight to researchers and clinicians, allowing them 

to explore and delineate which cognitive functions are executive functions. As was discussed 

previously without a theory of EF, researchers have amalgamated a plethora of disjointed 

cognitive functions that all claim to be under the EF umbrella.  
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In order to address the difficulties that cognitive tests of EF demonstrated in predicting 

symptoms and major life impairments of ADHD, Barkley produced a self-report rating scale 

named the Barkley Deficits in Executive Functioning Scale (BDEFS) as a “cost-effective means 

of conveniently capturing the numerous neuropsychological, behavioral, emotional, and 

motivational symptoms often attributed to deficits in EF” (Barkley, 2011a; p. 15).  Barkley 

(2011a) stated that “the scale items focus on problematic symptoms (deficit measurement) rather 

than on positive or normative EF functioning…The BDEFS was and is intended to be used for 

clinical purposes, to evaluate the range of EF deficits in clinic-referred or high-risk adults; in 

other words to assess symptoms of executive dysfunctioning” (p. 25). 

 

Table 3 

Major Rating Scales Measuring Executive Functions 

 
EF Rating 

Scale 

 
Psychometrics 

 
Clinical Scales 

 
Weaknesses 

 

 
Sample 

 
Theory 
Based  

 
Behavior 

Rating 
Inventory of 
Executive 
Function 
(BRIEF; 

Gioia et al., 
2000) 

 
86 items; 

Normative 
sample on child 

ratings from both 
parents and 

teachers;  
Internal 

consistency (α = 
.80 - .97); 
Test-retest 

reliability (r = .64 
- .94) 

 
Inhibit; Shift; 

Emotional 
Control; Initiate; 

Working 
Memory; 

Planning/Organiz
ation; 

Organization of 
Materials; 
Monitor 

 
No Emphasis 

on 
Hyperactivity  

 
Children 

 
No 
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Table 3 continued 

Major Rating Scales Measuring Executive Functions 

 
EF Rating 

Scale 

 
Psychometrics 

 
Clinical Scales 

 
Weaknesses 

 

 
Sample 

 
Theory 
Based  

 
Behavior 

Rating 
Inventory of 
Executive 
Function – 

Adult 
Version 

(BRIEF-A; 
Gioia et al., 

2000) 

 
75 items; 

Normative 
sample mixture of 

healthy and 
clinical men and 
women, ages 18-

90; 
Internal 

consistency (α = 
.80 - .98); 
Test-retest 

reliability (r = .82 
- .94) 

 
Inhibit; Shift; 

Emotional 
Control; Initiate; 

Working 
Memory; 

Planning/Organiz
ation; Task 

Monitor; Self-
Monitor 

 
No Emphasis 

on 
Hyperactivity 

 
Adult 

 
No 

 
Comprehen-

sive 
Executive 
Function 
Inventory 

(CEFI; 
Naglieri & 
Goldstein, 

2014) 
 

 
100 items; 
Normative 

sample consistent 
with 2009 U.S. 

census 
Internal 

consistency (α = 
.70 - .86) 

Test-retest 
reliability (r = .74 

- .86) 

 
Attention; 
Emotion 

Regulation; 
Flexibility; 
Inhibitory 
Control; 

Initiation; 
Organization; 

Planning; Self-
Monitoring; 

Working Memory 
 

 

 
Self- and 

informant-
report rate 
observable 

behaviors of 
the past 4 

weeks. 
 

 
Children 

 
Yes 
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Table 3 continued 

Major Rating Scales Measuring Executive Functions 

 
EF Rating 

Scale 

 
Psychometrics 

 
Clinical 
Scales 

 
Weaknesses 

 

 
Sample 

 
Theory 
Based  

 
Dysexecutive 
Questionnaire 

(DEX; 
Burgess et al., 

1998) 
 

 
20 items; Reliability 
was not reported in 

the instructional 
manual. 

 

 
Behavior; 
Cognition; 
Emotion; 

Motivation 
 

 

 
Only 20 
items to 

examine a 
wide range 

of 
symptoms; 
based on 
observed 

symptoms 
of patients 

with frontal 
lobe 

injuries; no 
reliability 
reported; 
part of a 

battery of 
EF 

assessment 
 

Adult No 
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The BDEFS is an 89-item self-report and other-informant rating scale using a four point 

Likert scale (e.g. 0 = rarely or not at all, 1 = sometimes, 2 = often, and 3 = very often) that has 

five primary subdomains: Self-Management to Time, Self-Organization/Problem Solving, Self-

Restraint, Self-Motivation, and Self-Regulation of Emotion.  The rating scale produces the 

following information upon completion: a total summary score of EF deficits, five separate 

subdomain scores, an EF symptom count, and an ADHD-EF Index score.  The EF symptom 

count totals the number of significant symptoms of EF deficits endorsed by selecting a symptom 

as “often” or “very often.” The ADHD-EF Index consists of twenty questions and produces a 

cutoff score that evaluates if the responder would likely qualify for a diagnosis of ADHD.   

The prototype BDEFS (P-BDEFS).  The BDEFS went through a long developmental 

process and was originally a 91-item measure named the P-BDEFS.  These 91 items were 

derived from perceived defects seen in a clinical setting.  Initially, the items were made to cover 

the following EF subdomains: inhibition, verbal and nonverbal working memory, directed 

private speech, time management, self-directed sensing, verbal discussion of self-behavior before 

initiation, and reconstitution (Barkley, 2011a).  The above deficit areas were thought to be 

interrelated in that they were all areas that allowed people to self-organize their behavior across 

time in order to achieve future goals (Barkley, 2011a).   

The first study associated with creation of the P-BDEFS was undertaken at the University 

of Massachusetts (UMASS; Barkley & Murphy, 2011).  The procedure for collecting data 

involved self- and other-reports of the P-BDEFS to be completed by a parent and a close friend 

or relative, as well as a clinical interview (Barkley, 2011a).  The clinical interview consisted of a 

trained associate asking each question on the P-BDEFS about whether the symptoms occurred 

often or frequently within the last six months.  Three groups were utilized for the UMASS study: 
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146 adults (18 to 60 years old) who were clinically diagnosed with ADHD, a clinical control 

group (consisting of people who were diagnosed with anxiety & depression), and a community 

control group (Barkley, 2011a). The gender composition of the groups was as follows: ADHD 

groups consisted of 68% males and 32% females; the clinical control group consisted of 56% 

males and 44% females; and the community control group consisted of 47% males and 53% 

female (Barkley & Murphy, 2010). A gender ratio of 2:1 (males:females) with respect to the 

ADHD group is in line with previous studies on ADHD adults (Barkley, 2006; Kessler et al., 

2006).  With respect to ethnicity, Barkley and Murphy (2011) reported that approximately 94% 

of each group identified as European-American (White), without providing any more specific 

information regarding ethnicity (Barkley & Murphy, 2011). After completing the study, Barkley 

(2011a) also utilized the data from the community control group in order to set cutoff points for 

deficits.  Any score beyond 1.5 standard deviations from the average mean of the group was 

considered to be significantly deficient.  

Principle component analysis was utilized on the ninety-one items that composed the P-

BDEFS in order to determine the underlying EF deficit subdomains (Barkley, 2011a).  From this 

analysis, ten subdomains were derived that had eigenvalues greater than one (Barkley, 2011a).  

Barkley (2011a) retained five subdomains by eliminating any subdomains with less than ten 

items.  Three items were deleted from the scale due to their poor factor loading (<.400).  At this 

point, Barkley (2012) analyzed the subdomains and discovered that a large amount of the 

variance (over 51%) was accounted for by the first factor with each of the remaning subdomains 

accounting for only 2-4.4% of the variance each.  This made it appear that one single, underlying 

factor accounted for a majority of the variance which was labeled as “Self-Management to 

Time.” In order to spread the items across five subdomains, Barkley (2011a) utilized a varimax 
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rotation and specified a five-factor solution.  Performing this statstical analysis left the P-BDEFS 

with the following five subdomains: 

• Self-Management to Time – consisted of 23 items, accounting for 15.7% of the 

variance. 

• Self-Organization/Problem Solving – consisted of 21 items, accounting for 15.2% 

of the variance. 

• Self-Restraint or Inhibition – consisted of 23 items, accounting for 14.1% of the 

variance. 

• Self-Motivation – consisted of 11 items, accounting for 9.8% of the variance. 

• Self-Activation/Concentration – consisted of 10 items, accounting for 8.6% of the 

variance. 

The five subdomains of the P-BDEFS still shared a significant amount of the variance 

(56-77%), adding further evidence to Barkley’s theory of a single, underlying factor of EF 

(Barkley, 1997a; 2011a; 2012).   

The second major study that assisted in creating the P-BDEFS was the “Milwaukee 

Study.” This study tracked hyperactive children into adulthood (Barkley, 2011a).  Results 

indiciated that children who still demonstrated having at least six symptoms of ADHD persisting 

into adulthood endorsed more EF deficits than children who did not persist into adulthood with 

at least six symptoms (Barkley, 2011a).  However, both groups still endorsed significantly more 

deficits of EF than a community control group.  This study also produced the same five 

subdomains listed in the UMASS study. 

Further developing the BDEFS, Barkley (2012) noted that one key factor of EF was 

underrepresented within the items of the P-BDEFS: Self-Regulation of Emotion.  The few items 
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related to emotion involved impulsive emotions of anger, frustration, and impatience.  There 

were only a few items on the current P-BDEFS that addressed this factor.  Thus, Barkley (2011a) 

used the emotional self-regulation model developed by Gross (1988) in order to create ten 

additional items to be included in the scale as well as two additional items related to Self-

Motivation (Barkley, 2011a).  As a result of the inclusion of these additional items, the P-BDEFS 

was made up of 100 items while collecting a national sample (Barkley, 2011a).  Further analysis 

afterward produced the 89-item BDEFS mentioned at the beginning of this section.  

Consequently, the “self-activation/concentration” subdomain was replaced with the fifth, final 

subdomain of the BDEFS, “self-regulation of emotion” (Barkley, 2011a).  As well, Barkley 

(2011a) created a short version of the BDEFS containing twenty items that had the highest factor 

loadings for each subdomain and was named the BDEFS-Short Form (BDEFS-SF).  The 

BDEFS-SF produces only a single EF deficit summary score. 

Norming Procedures for the BDEFS 

 The following paragraphs include information on the normative sample of the P-BDEFS 

(Barkley, 2011a). Barkley (2011a) utilized a third party source in order to obtain a national, 

normative sample for his final P-BDEFS that is representative of the United States according to 

the 2000 United States Census data (Barkley, 2011a).  The company utilized random numbers of 

telephone and address combinations in order to collect their data.  This sample did not have 

exclusionary criteria, as it was used to provide the most accurate sample of the adult population. 

The sample ranged from ages 19-81 and contained approximately 623 males (49.9%) and 626 

females (51.1%), making it equally distributed on both gender and age.  In addition, the 

following factors were matched to be proportionate to the United States: race/ethnicity, 

education, marital status, income, geographic location and employment status.  
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 Age. The P-BDEFS contained the following frequency and percentage of total sample 

characteristics for males: ages 18-29 (n = 104, 8.3%), 30-39 (n = 102, 8.2%), 40-49 (n = 104, 

8.3%), 50-59 (n = 104, 8.3%), 60-69 (n = 104, 8.3%), and 70+ (n = 105, 8.4%). For females, the 

P-BDEFS contained the following frequency and percentage of total sample characteristics: ages 

18-29 (n = 102, 8.2%), 30-39 (n = 104, 8.3%), 40-49 (n = 105, 8.4%), 50-59 (n = 106, 8.5%), 

60-69 (n = 105, 8.4%), and 70+ (n = 104, 8.3%). 

 A correlational analysis was done between age and each of the BDEFS subdomains 

(Barkley, 2011a). Results from the analysis showed that age correlated significantly to each of 

the following P-BDEFS subdomains: Self-Management to Time (r = -.13, p < .001); Self-

Restraint (r = -.08, p < .007); Self-Regulation of Emotion (r = -.11, p < .001); and Self-

Motivation (r = -.13, p < .001). These results indicate the EF deficits in daily life activities 

appear to occur more in younger individuals, which is congruent with the research that states that 

EF is developmental (Barkley, 2012; Jurado & Roselli, 2007). 

 Gender. According to Barkley (2011a), the BDEFS indicated significant differences on 

the following EF subdomains with respect to gender: Self-Restraint (F = 3.7, p = .055), Self-

Motivation (F = 13.8, p < .001), and Self-Regulation of Emotion (F = 3.91, p < .048).  

Specifically, men reported more deficits in daily life activities related to Self-Restraint and Self-

Motivation compared to women respectively. Conversely, women reported more deficits in daily 

life activities related to Self-Regulation of Emotion compared to men. These gender differences 

are congruent with similar findings reported on the BRIEF (Roth et al., 2005).  

 Ethnicity. The P-BDEFS contained the following frequency and percentage of total 

sample characteristics for males: White (n = 478, 76.7%), Black (n = 43, 6.9%), other non-

Hispanic (n = 20, 3.2%), Hispanic (n = 61, 9.8%), 2+ races, and non-Hispanic (n = 21, 3.4%). 
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With respect to females, the P-BDEFS contained the following frequency and percentage of total 

sample characteristics: White (n = 488, 78.0%), Black (n = 42, 6.7%), other non-Hispanic (n = 

27, 4.3%), Hispanic (n = 50, 8.0%), 2+ races, and non-Hispanic (n = 19, 3.0%). 

 With respect to ethnicity, a one-way analysis of variance was used to analyze if there was 

any significant effect of ethnic group on any of the BDEFS subdomains (Barkley, 2011a). There 

was only one significant finding on the BDEFS subdomain of Self-Motivation (F = 3.03, df = 

4/1,234, SD = 6.7). Pairwise comparisons revealed that Hispanic adults (M = 15.7, SD = 5.0) 

reported more deficits than both Caucasian adults (M = 15.2, SD = 4.6) and other non-Hispanic 

(mostly Asian) adults (M = 14.8, SD = 3.9) with respect to daily life deficits related to Self-

Motivation. Through these results, Barkley (2011a) concluded that there was little to no clinical 

value in displaying specific norms for each ethnic group on the BDEFS. 

Reliability and validity data. As with any new measure, it is important to demonstrate 

adequate reliability and validity data. It is also important for the creator of the measure to 

demonstrate the steps taken in analyzing reliability and validity in order for objective third 

parties to replicate the procedures followed.  The P-BDEFS underwent several statistical 

analyses in order to establish itself as a reliable and valid measure (Barkley, 2012).   

Reliability.  Reliability refers to whether the measure produces consistent results.  

Barkley (2011a) conducted several methods to increase the reliability of the P-BDEFS including 

inter-rater reliability, internal consistency, and test-retest reliability.  The version of the P-

BDEFS used to collect this reliability data was the 100-item version sent to the national sample 

and did not include the fifth factor of self-regulation of emotion.   
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 Inter-rater reliability.  The UMASS study collected both self-report and other-informant 

report data.  The correlations were at an acceptable level between the two groups, ranging from r 

of .66 to .79 across the first four major subdomains.   

Internal consistency & test-retest. The BDEFS demonstrated adequete internal 

consistency with all subdomains ranging from .91 to .96.  To evaluate test-retest reliability, 62 

adults completed the BDEFS and were re-tested after two or three weeks.  The results through 

using paired sample t-tests showed that all subdomains, total summary score, ADHD-EF Index, 

and BDEFS-SF Total EF Summary Score did not change significantly in the two to three week 

timespan. 

By calculating Pearson product-moment correlations, Barkley (2011a) was able to see 

how the subdomains were correlated to one another.  Barkley (2011a) noted that the subdomains 

were significantly intercorrelated with a range of r = .74 to .88 on both the self- and other-rating 

scales.  This finding provides additional evidence that EF may be comprised of a single 

metaconstruct (Barkley, 2012).  In addition, Self-Organization/Problem Solving was moderately 

but significantly correlated with IQ (r=-.15, p=.007) on both the self- and other-rating scales.  

The ADHD group endorsed significantly more deficits of EF compared to both the clinical and 

community control groups.  The only exception to this finding was shown when analyzing the 

other-rating subdomain of Self-Organization/Problem Solving (Barkley, 2011a).   

Validity. Validity is known as “the correctness, accuracy, or truth of an assertion or 

conclusion, typically as measured against the empirical evidence in support of or refuting that 

assertion” (Barkley, 2011a; p. 73; Bryant, 2000).  The BDEFS was investigated for several years, 

allowing for the accumulation of evidence of various types of validity. 
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Construct validity. With respect to construct validity, Barkley and Fischer (2011) 

previously compared the BDEFS to several commonly used cognitive tests of EF such as the 

CPT, Stroop test, the WAIS digit span subtest, paragraph comprehension, Simon game, and a 

non-verbal working memory test.  As mentioned earlier, there were small, significant 

correlations between the rating scale and the cognitive tests of EF (Alvarez & Emory, 2006; 

Duncan et al., 1997; Jurado & Rosselli, 2007).  Barkley and Fischer (2011) utilized multiple 

linear regression with stepwise entry in order to judge the relationship between cognitive tests of 

EF to P-BDEFS scores.  The WAIS digit span subtest accounted for approximately 22% of the 

variance in predicting the Self-Management to Time subdomain.  The subdomain Self-

Organization/Problem Solving significantly accounted for 8.4% and 10.3% of the variance in 

both the WAIS Digit Span subtest and the Kaufman Hand Movement Number Correct, 

respectively.  The Self-Restraint subdomain accounted for 6.9% of the variance in the Simon 

Longest Correct Sequence score.  Similarly, the Self-Motivation subdomain accounted for 6.9% 

of the variance in the Simon test.  The remaining scale was later changed in the final version of 

the BDEFS and consequently does not provide any current validity data.  These results listed 

above demonstrate that the cognitive tests of EF contribute only 2-8% of the variance in the P-

BDEFS individually and only 11% in combination (Barkley & Fischer, 2011).  As well, Barkley 

(2011a) related that this study was biased by oversampling adults with ADHD and other clinical 

disorders which could have inflated the correlations between EF ratings and cognitive tests of 

EF.   

 Discriminant validity. The BDEFS has demonstrated its capacity to distinguish ADHD 

groups from both clinical and community control groups as demonstrated in the UMASS and 

Milwaukee study (Barkley, 2011a; Barkley & Fischer, 2011; Barkley & Murphy, 2010). The 
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clinical control group consisted of people who were referred to the ADHD clinic and were not 

diagnosed with ADHD after a clinical interview with an experienced clinician. As well, the 

clinical control group included several cases of diagnosed anxiety and depressive disorders, 

demonstrating that the P-BDEFS was able to delineate between diagnosed ADHD and anxiety or 

depression, as well as people who met only partial criteria for ADHD.  

Additional evidence of discriminant validity can be seen through the P-BDEFS and its 

lack of association with IQ. Cognitive tests of EF often have difficulty with contaminated test 

results due to overlap with cognitive constructs and general intelligence (Barkley, 2011a). The P-

BDEFS shared less than 3% of the variance in certain achievement skills, and it would be 

beneficial for future researchers to reassess the correlation between the BDEFS and IQ.  

 Criterion validity. In order to obtain reasonable criterion validity, the BDEFS should be 

able to predict future, present, and past outcomes of ADHD (Bryant, 2000). No information is 

available for the BDEFS assessing future outcomes that are associated with EF deficits.  Gaining 

pertinent information on occupational, educational, financial, social, health, and criminal records 

could be a useful topic of future research. The UMASS study provided an account of past 

construct validity by finding significantly strong correlations between the following P-BDEFS 

subdomains and childhood self-ratings of ADHD symptoms: Self-Management to Time (r = 

.72), Self-Organization/Problem Solving(r = .7), Self-Restraint (Inhibition) (r = .8), Self-

Motivation (r = .72), and Self-Activation/Concentration (r = .82).  All p values were less than 

.001 (Barkley, 2011a).   

As well, the BDEFS demonstrated present construct validity by finding strong 

correlations with the following subdomains and total ADHD scores on an adult ADHD self-

rating scale: Self-Management to Time (r = .67), Self-Organization/Problem Solving (r = .70), 
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Self-Restraint (Inhibition) (r = .71), Self-Motivation (r = .67), and Self-Regulation of Emotion (r 

= .69).  All p values were less than .001 (Barkley, 2011a).  As mentioned earlier, factor analysis 

yielded one single construct in both the BDEFS and an adult rating scale of ADHD, indicating 

that the scales are measuring the same construct (Barkley, 2011a).   

 The UMASS study (2011a) gathered occupational information on its participants and 

found through multiple regression that the P-BDEFS is significantly and negatively correlated 

with the following occupational measures: current salary, Hollingshead (1975) job index (i.e., a 

measure of socio-economic status), and average duration of employment (Barkley, 2011a).  It is 

important to note that the correlations listed do not infer a specific direction, meaning that the EF 

deficits may interfere with occupational performance or poor occupational performance may 

negatively affect self-regulation. 

 Barkley (2011a) noted several other factors shown to have provided additional criterion 

validity including: education, marital satisfaction, driving history, credit rating, arrests, and 

health status.  All of these appear to have significant correlations with the P-BDEFS.  This 

indicates that the P-BDEFS has reasonable evidence of being a valid measure.  Barkley (2011a) 

stated that further study is needed in order to assess the predictive validity of the BDEFS and 

continue adding evidence to its validity.   

As well, Barkley (2011a) states that it would be beneficial for future studies to compare 

the BDEFS to other established rating scales of executive function, such as the BRIEF and the 

DEX (Barkley, 2011a).  The BDEFS has shown the potential to discriminate between clinical 

and community control groups, and display instances of concurrent and retrospective validity. As 

such, the BDEFS could benefit from future verification from sources outside of Barkley’s 

(2011a) initial studies. 
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Limitations of the BDEFS 

 There are certain disadvantages to using the BDEFS over cognitive tests of EF, and so it 

would be wise to take these weaknesses into consideration (Barkley, 2011a).  The BDEFS works 

under the assumption that the individuals can perceive their own deficits. As noted earlier, 

individuals with deficits in EF have poor self-monitoring skills and therefore may not realize 

how significant their deficits are (Harlow, 1848; Luria; 1973; Pribram, 1973; Stuss et al., 2006). 

This may lead to individuals with EF deficits underreporting the severity of their deficits. On the 

other hand, individuals may malinger and endorse more symptoms than are actually present in 

order to obtain diability or accommodations.  

An independent research firm collected a normative sample of the United States with 

respect to gender and ethinicty that mirrors the frequency and percentage shown on the United 

States Census in the year 2000 (Barkley, 2011a). This process may limit the scale’s 

generalizability to different, multicultural populations outside of the normative sample of the 

United States (Barkley, 2011a). Because the BDEFS was created with a western population, it 

would stand to reason that cultural differences could allow for misinterpretation of items 

(Barkley, 2011a). Barkley (2011a) reported significant differences with respect to ethnicity of 

specific subdomains of the BDEFS, yet did not feel the findings were signficant enough to 

address. With this in mind, it will be important for future research to analyze for potential 

ethnicity effects on the BDEFS subdomains. The current literature of the BDEFS has yet to 

address these multicultural limitations. In order to accout for potential ethinicity/race effects, a 

one-way ANOVA was conducted to measure mean differences and is presented in Chapter 4. 

Contrary to rating scales, some cognitive tests of EF, particularly ones that focus on problem-

solving or working memory, do not hold a particular cultural bias due to being non-verbal and 
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utilizing culturally neutral stimuli (e.g., shapes) (Heaton, 1981; Jurado & Roselli, 2007; Stroop, 

1935; Woodcock, McGrew, & Mathers, 2001a).   

 With respect to gender, Barkley (2011a) reported significant mean differences on two 

subdomains of the BDEFS: Self-Motivation and Self-Regulation of Emotion. Analyzing the 

sample of 620 males and 619 females, Barkley (2011a) found that men approached significant 

differences when reporting higher scores on Self-Restraint (F = 3.70, p < .055). As well, men 

significantly reported increased problems with respect to Self-Motivation (F = 13.8, p < .001). 

Conversely, women endorsed significantly higher scores on Self-Regulation of Emotion (F = 

3.91, p = .048; Barkley, 2011a). In order to account for this, Barkley (2011a) provided separate 

scoring sheets based on gender. In order to examine for significant differences with respect to 

sex, independent t-tests will be used to evaluate mean differences in Chapter 3. 

Along with cultural differences, the following external factors could compromise the 

accuracy of responses in the BDEFS: “level of intelligence, education, emotional status, range of 

life experiences, prior experience with similar rating scales, and a myriad of other factors” 

(Barkley 2011a; pg. 20), ranging from comorbid disorders to socio-economic status (Barkley, 

2011a). With this in mind, it will be vital for future research to analyze the reliablity and validity 

of the BDEFS while controling for these external factors. 

The biggest flaw of the BDEFS currently is the lack of empirically based studies outside 

of the primary author (Anderson, 2014). As such, it would be critical for the BDEFS to be further 

validated through discriminant and convergent validity studies with respect to cognitive tests of 

EF, PFC functioning, and other ADHD measures (Anderson, 2014). With those limitations in 

mind, there are some advantages to utilizing the BDEFS as opposed to cognitive tests.  As 

discussed earlier, the BDEFS possesses the ability to collect information that evaluates 
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behavioral patterns over the course of many months or years.  This allows the BDEFS to to 

evaluate symptoms that may occur infrequently.  These symptoms may not be present with the 

subject in a controlled, standardized test environment.  Also, the BDEFS can be used to capture 

aspects of the human experience that are difficult to measure in a standardized, objective setting, 

such as self-motivation and self-regulation of emotion.  The BDEFS provides an effective way to 

encapsulate complex, varied, and long-term behavior in order to provide prognosis and 

categorization of specific deficit areas, as well as being a useful tool for measuring behavioral 

change over time (Barkley, 2011a). 

 In conclusion, most of the flaws in using the BDEFS emerge from a lack of external 

research and some external factors may skew an individual’s rating of deficits in EF (Anderson, 

2014).  The research on cognitive tests of EF, such as the Stroop (Stroop, 1935) and WCST 

(Heaton, 1981), seems to indicate that these tests are unable to discern brain damage in frontal 

lobe regions compared to diffuse brain damage (Barkley, 2011a; Jurado & Roselli, 2007).  

Researchers have noted that cognitive tests of EF do not have acceptable ecological validity in 

predicting daily EF deficits in multiple meta-analyses, leaving a gap that the BDEFS has 

attempted to fill (Barkley, 2011a; Cabeza & Nyberg, 1997; Jurado & Roselli, 2007).  Initial 

findings indicate that the BDEFS has strong correlations (r = .7 - .82) with respect to past and 

present ADHD symptomology (Barkley, 2011a).  However, it would be beneficial for other 

researchers to add evidence of the validity and reliability of the BDEFS (Anderson, 2014; 

Barkley, 2011a). Specifically, evaluating the incremental validty of the BDEFS could prove 

useful for clinicians, as it will indicate if the variance accounted for by the BDEFS is sgnificant 

over the variance accounted for by cognitive tests of EF on evaluating life deficits associated 

with ADHD. 
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Conclusions 

 EF has had an extensive history with a variety of models and definitions created since its 

inception in the 1800’s (Harlow, 1848; Jurado & Roselli, 2007).  Starting with frontal lobe 

patients who demonstrated odd social, emotional, and personality changes, EF has been the focus 

of multiple scientific perspectives (Harlow, 1848; Luria, 1973; Pribram, 1973).  

Neuropsychologists focused on equating exhibited behavior to neuroanatomical regions that 

were responsible for the change in behaviors (Alvarez & Emory, 2006; Jurado & Roselli, 2007).  

Objective cognitive tests of EF were created in order to specifiy particular brain regions and 

discriminate between patients with and without brain damage (Harlow, 1848; Lezak, 1995; 

Luria, 1973; Pribram, 1973).  From there, we see cognitive psychologists utilizing cognitive tests 

of EF in order to create, define, and evaluate over thirty different constructs of EF (Barkley, 

2012; Jurado & Roselli, 2007).  However, recent literature has shown evidence that cognitive 

tests of EF have limited ecological validity in predicting ADHD symptology (Barkley, 2011a; 

Barkley & Murphy, 2010; Cabeza & Nyberg, 1997; Jurado & Roselli, 2007). This could be due 

to a lack of of social, emotional, and cultural factors that are not evaluated in cognitive tests of 

EF. At the conception of EF, researchers noted the maladaptive behaviors that made up deficits 

in EF (Barkley, 2011a; 2012; Barkley & Murphy, 2010; Lezak, 1995; Weyandt et al., 2005; 

2013).  The need to better incorporate these factors led to researchers coming full circle and 

creating subjective EF rating scales to evaluate behavior.  The BDEFS is an 89-item scale that 

was created in order to produce a rating scale for adults that accounts for EF factors associated 

with ADHD that are not measured in cognitive tests of EF. These include: self-management to 

time, self-organization/problem solving, self-restraint, self-motivation, and self-regulation of 

emotion.  The BDEFS seeks to allow researchers to have a more clinically valid measure of EF 
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deficits in daily life in order to identify specific problem areas that can then be used to guide 

intervention to assist people with ADHD (Barkley, 2011a).  It is likely that researchers will go on 

debating the theoretical aspects of EF for years to come, increasing the need for empirically 

evaluating new meaures that become available. 

Rationale for the Current Study 

As it stands, the BDEFS is one of the first self-report measures that evaluates EF deficits 

in adults. However, the BDEFS has yet to be verified from outside sources.  With that in mind, it 

is important to understand that additional testing needs to be conducted in order to add evidence 

towards its reliability and validity, particularly with respect to estimating EF deficits in adults 

with ADHD.  Even more important is to understand that the reliability and validity of the 

BDEFS may be different with respect to a high functioning college population.  It would be 

beneficial to analyze the incremental validity of the BDEFS and determine if the BDEFS 

subdomains can account for variance over the variance accounted for by cognitive tests of EF on 

ADHD symptoms (Barkley, 2011a; Chaytor, Schmitter-Edgecombe, & Burr, 2006).   

When choosing the cognitive tests to measure EF, one must consider several factors with 

respect to a measure’s reliability, validity, and the population that it utilizes. Two tests that have 

been extensively used to measure EF factors of inhibition and problem solving are the Stroop 

Test (Stroop, 1935) and the WCST (Heaton, 1981), respectively. Imaging studies have shown 

that both tests were reliable when determining if brain lesions were present in patients compared 

to a group of community controls; however, both tests have been shown to have limited 

ecological validity with respect to predicting EF deficits in daily life (Barkley, 2011a; Barkley & 

Murphy, 2010; Bush et al., 1999; Jurado & Rosselli, 2007; Stuss et al, 2000). This supports the 

theory of EF that cognitive tests are measuring a different EF than that of rating scales. As well, 



  
 

70 
 

this could support the theory of EF as a hierarchical construct with cognitive tests being lower 

down the hierarchy than the BDEFS (Barkley, 2011a; 2012; Jurado & Roselli, 2007). These 

cognitive tests of EF were conceived and are primarily used to distinguish brain damage in a 

clinical setting.  As a result, they are not regularly used when evaluating ADHD in college 

students (DuPaul, Weyandt, O'Dell, & Varejao, 2009; Weyandt & DuPaul, 2006). 

As mentioned previously, the WJ-III COG and WJ-III ACH are well-researched 

measures that are used to evaluate a number of cognitive factors (Woodcock, McGrew, & 

Mathers, 2001a; 2001b).  In addition, these measures, which are grounded in theory, are typically 

used when evaluating ADHD in a college population in order to discover if any learning 

disabilities are present that could better explain the difficulty in academic functioning (Ford, 

Keith, Floyd, Fields, & Schrank, 2003; Glutting, Youngstrom, & Watkins, 2005; Lewandowski, 

Lovett, Codding, & Gordon, 2008).  Specific subtests, such as Numbers Reversed and Auditory 

Working Memory, fall under both of the clinical clusters of Broad Attention and Working 

Memory in the standard test battery of the WJ-III COG (Woodcock, McGrew, & Mathers, 

2001a).  The subtest of Memory for Words is considered a measure of verbal working memory 

falling under the Short-term Memory cognitive cluster.  As well, the subtest of Concept 

Formation falls under the clinical cluster in the standard battery of the WJ-III COG of Executive 

Processes, which purports to measure several aspects of EF including set-shifting and problem 

solving (Woodcock, McGrew, & Mathers, 2001a).  In addition, the subtest of Visual Matching is 

under the cognitive cluster of processing speed and measures inhibition (Woodcock, McGrew, & 

Mathers, 2001a).  In conclusion, utilizing these separate cognitive subtests on the WJ-COG 

allows us to analyze if the BDEFS will be able to better account for the variance of ADHD 
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symptoms over the variance accounted for by a variety of cognitive tests of EF that are typically 

administered to college students when being evaluated for ADHD. 

Barkley (2012) created the BDEFS not only to assist in diagnosing ADHD but to better 

account for external factors often overlooked by the cognitive tests of EF such as work and 

driving.  With respect to work, individuals with ADHD rate themselves lower on work 

productivity than their non-ADHD peers (Barkley & Fischer, 2011; Kessler et al., 2005).  With 

respect to driving, college students with ADHD are more likely to receive speeding citations, be 

at fault for auto-accidents, and drive recklessly than their non-ADHD peers (Richards et al. 

2002). With these problem areas in mind, it would be clinically beneficial to evaluate if the 

BDEFS subdomains can account for incremental variance of impairment in these areas over 

cognitive tests of EF. 

Thus, the two research questions that were proposed are as follows: 

1. Does the BDEFS demonstrate incremental validity in identifying symptoms of 

ADHD over the following cognitive subtests of EF on the WJ-III COG: Auditory 

Working Memory, Concept Formation, Numbers Reversed, Memory for Words, and 

Visual Matching? 

2. Does the BDEFS demonstrate incremental validity in identifying self-reported 

deficits related to work and driving performance over the following cognitive subtests 

of EF on the WJ-III COG: Auditory Working Memory, Concept Formation, Numbers 

Reversed, Memory for Words, and Visual Matching? 

Hypotheses 

 With respect to the first research question, the hypothesis was that the BDEFS would 

demonstrate more incremental validity in identifying symptoms of ADHD over the cognitive 
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tests of EF. This hypothesis was supported by the empirical literature which stated that cognitive 

tests of EF have limited to no significant correlation to self-reported ADHD symptoms (Barkley 

& Fischer, 2011).  

With respect to the second research question, the hypothesis was that the BDEFS would 

demonstrate more incremental validity in identifying self-reported deficits in driving and work 

behavior over cognitive tests of EF. This hypothesis was supported by previous empirical 

literature that suggests cognitive tests of EF have limited ecological validity with respect to EF 

deficits in daily life (Bush et al., 1999; Stuss et al, 2000). 
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CHAPTER 3 

METHODS 

 

 This manuscript focused on the connection of EF to ADHD and whether cognitive tests 

of EF or the BDEFS have more incremental validity to significantly account for more symptoms 

of ADHD and life impairment domains associated with ADHD. The investigation of incremental 

validity is important for three reasons: 1) Cognitive tests and self-report rating scales are two of 

the most common instruments used to assess a diagnosis of ADHD, 2) It allows us to examine 

how much variance the BDEFS accounts for over the variance already accounted for by 

cognitive tests of EF on ADHD symptoms and impairments, and 3) it will conversely assess if 

cognitive tests of EF will account for significant variance over the variance already accounted for 

by the BDEFS on ADHD symptoms and impairments. As well, by assessing the variance 

accounted for by the BDEFS and cognitive tests of EF on life impairments affected by ADHD 

(i.e., driving and work performance), our research question will be able to investigate the 

ecological validity of both measures. This is also important as it allows us to see if scores on 

both measures can help estimate deficits in daily life which could lead to better informed 

interventions. This chapter will discuss the following details of the completed study: the design 

of the study, participant recruitment, power analysis, measures, hypotheses, planned data 

analyses, and research questions.  

Research Design 

The completed study utilized a quasi-experimental design due to pre-selecting archival 

files of participants who were diagnosed with ADHD in order to analyze the incremental validity 

of the five BDEFS subdomains in estimating ADHD symptoms and life impairment domains 
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over and above scores on five cognitive tests of EF taken from the WJ-III COG (Woodcock, 

McGrew, & Mather, 2001). In order to assess for incremental validity, it is important to first 

analyze the variance accounted for by one set of independent variables (i.e., cognitive tests of 

EF) on a dependent variable (i.e., ADHD symptoms and impairments). After this, a second set of 

independent variables (i.e., the BDEFS subdomains) must be added to the model in order to 

assess the change in variance (∆R2) accounted for by the second set of independent variables on 

the dependent variable (Hunsley & Meyer, 2003). The independent variables were the 

continuous, total scores for each of the BDEFS subdomains (Self-Management of Time, Self-

Organization/Problem Solving, Self-Restraint, Self-Motivation, and Self-Regulation of Emotion) 

as well as the continuous, total scores on five cognitive subtests from the WJ-III COG (Auditory 

Working Memory; Problem Solving/Set-Shifting; Selective Attention; Verbal Fluency; Working 

Memory; Woodcock, McGrew, & Mather, 2001) (Barkley, 2011a).  The dependent variables 

consisted of continuous total scores such as the total scores for separate subdomains of ADHD 

(Inhibition, Hyperactivity, and Impulsivity) as well as the continuous, total scores for the two life 

impairment domains (Driving and Work). After this analysis, the two sets of independent 

variables (i.e., the cognitive tests of EF & BDEFS subdomains) will be entered in reverse order. 

By doing this, the model will analyze the variance accounted for by the cognitive tests of EF 

over the variance already accounted for by the BDEFS.  

Participants  

 

 Sampling. The completed study used an archival dataset in order to analyze college 

students who were diagnosed with ADHD. Sampling was done by selecting participants who met 

the inclusionary (i.e., ADHD diagnosis) and exclusionary (i.e., comorbid disorders & age) criteria 

in order to obtain a sample of pure ADHD participants (Barkley, 2012). This exclusionary criteria 
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of comorbid disorders was based on limiting confounding variables that could otherwise explain a 

decrease in cognitive and EF. As stated previously, research has demonstrated EF as a 

developmental process that matures and deteriorates with age. In order to avoid the effect of aging, 

participants over the age of 30 were excluded (Barkley, 2012; Jurado & Roselli, 2007). These 

participants were obtained from an on-campus adult evaluation center at a southeastern state 

university where they were referred to be tested for ADHD or a specific learning disability in order 

to receive academic accommodations. Referrals to the clinic ranged from individuals looking to 

have a previous diagnosis for ADHD confirmed to students referred by family members, significant 

others, and athletic coaches due to poor grades and/or emotional difficulties.   

 Participant characteristics.  Participants consisted of college students who were evaluated 

and obtained a diagnosis of ADHD from a southeastern university in the United States between 

2011 and 2014. Clients were evaluated by using the DSM-IV-TR criteria. A breakdown of 

demographics showed that the age of participants ranged from eighteen to twenty-nine years old 

with an average participant age of twenty-four years and a median age of twenty-one years. The 

participant’s average years in college were three years respectively. With respect to gender, 47% of 

clients were female compared to 53% males. With respect to race, 68.7% of students identified as 

Caucasian, 3.6% as African American, 3.6% as “Other”, 18.1% as Hispanic, and 6% did not 

identify their ethnicity.  This left a total of 1% of participants who did not identify as any specific 

race. A breakdown of the participants’ year in college showed that 11% of students identified as 

freshman, 24% as sophomore, 19% as junior, 25% as senior, 16% as a graduate student, and 5% did 

not identify their year in college. 

Power analysis. An a priori power analysis was conducted utilizing the statistical 

computer program G*Power (Faul, Erdfekder, Buchner & Lang, 2013) in order to determine the 
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appropriate sample size needed to achieve a moderate effect size (Cohen’s d = .3) for five 

independent variables in each block (Faul, Erdfekder, Buchner & Lang, 2013). Utilizing 

G*Power, the following projected variables were entered: alpha error probability of .05, a power 

value of .8, and a moderate effect size .3. The total sample requirement for these conditions was 

n = 64. Initially, the dataset contained the information of approximately 200 students. After 

excluding individuals who met exclusion criteria as well removing individuals who were missing 

data needed for the study, 83 college students who obtained a diagnosis of ADHD were left, 

meeting the required sample size.  

Measures  

 BAARS-IV.  Barkley’s Adult ADHD Rating Scale (BAARS-IV; Barkley, 2011b) was 

utilized during the assessment period as a way to self-report symptoms of ADHD that mirror 

the DSM-IV-TR categories of inattention, hyperactivity, and impulsivity. This scale consists 

of twenty-one total questions covering the symptoms of inattention, hyperactivity and 

impulsivity on a four point severity scale ranging from: Never/Rarely, Sometimes, Often, or 

Very Often. Examples of inattention symptoms include failing to give close attention, not 

listening when spoken to directly, and being easily distracted. The inattention subscale consists 

of nine questions and has a calculated Cronbach’s alpha rating of .81, indicating a good 

internal consistency (Bryk & Raudenbush, 1992; Cortina, 1993). Examples of hyperactivity 

include fidgeting, feeling “driven by a motor,” and difficulty engaging in leisure activities. The 

hyperactivity subscale consists of five questions and has a calculated Cronbach’s alpha rating 

of .73, indicating a good internal consistency (Bryk & Raudenbush, 1992). Examples of the 

impulsivity subscale includes interrupting others, difficulty waiting for one’s turn, and blurting 

out answers. The impulsivity subscale consists of only four questions and has a calculated 
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Cronbach’s alpha rating of .83, indicating a good internal consistency (Bryk & Raudenbush, 

1992). The total score of each subscale was examined independently as the criterion variables. 

As well, the BAARS-IV has shown evidence of convergent validity compared to an interview-

based measure of ADHD symptoms (r = .85-.87, p<.05) as well as criterion validity 

correlating with deficits in various life domains (Barkley, 2011b; Knouse, Ivori, & Safren, 

2013). 

Woodcock-Johnson Tests of Cognitive Ability – III.  

Auditory working memory. The Auditory Working Memory subtest consists of questions 

in which the student tried to repeat randomly dictated words which measures working memory. 

The total score of the subtest was taken and utilized as part of the independent variables in the 

cognitive tests of EF block used in the regression analysis. This subtest has an internal 

consistency rating (Cronbach’s alpha) of .87 (p< .05; Mather & Woodcock, 2001; Woodcock et 

al., 2007). 

Concept formation.  The Concept Formation subtest consists of questions in which the 

student tries to determine a rule in order to correctly divide items in different groups which 

measures problem solving/set-shifting. The total score of the subtest was taken and utilized as 

part of the independent variables in the cognitive tests of EF block used in the regression 

analysis. This subtest has an internal consistency rating (Cronbach’s alpha) of .94 (p< .05; 

Mather & Woodcock, 2001; Woodcock et al., 2007). 

Numbers reversed.  The Numbers Reversed subtest consists of questions in which the 

student must dictate increasingly long series of digits in reverse order which measures inhibition 

and selective attention. The total score of the subtest was taken and utilized as part of the 

independent variables in the cognitive tests of EF block used in the regression analysis. This 
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subtest has an internal consistency rating (Cronbach’s alpha) of .87 (p< .05; Mather & 

Woodcock, 2001; Woodcock et al., 2007). 

Memory for words.  The Memory for Words subtest consists of questions in which the 

student tries to repeat dictated random series of words in the correct order which measures 

selective attention, verbal fluency, and working memory. The total score of the subtest was taken 

and utilized as part of the independent variables in the cognitive tests of EF block used in the 

regression analysis. This subtest has an internal consistency rating (Cronbach’s alpha) of .80 (p< 

.05; Mather & Woodcock, 2001; Woodcock et al., 2007). 

Visual matching.  The Visual Matching subtest consists of questions in which the student 

must quickly circle two identical numbers in each row which measures inhibition and falls under 

the Processing Speed cognitive cluster. The total score of the subtest was taken and utilized as 

part of the independent variables in the cognitive tests of EF block used in the regression 

analysis. This subtest has an internal consistency rating (Cronbach’s alpha) of .91 (p< .05; 

Mather & Woodcock, 2001; Woodcock et al., 2007). 

BDEFS.  The BDEFS consists of five subdomains totaling 89 questions. The five 

BDEFS subdomains contain the following items and calculated internal consistency: 

• Self-Management to Time - questions 1 – 21 (r = .90) 

• Self-Organization/Problem Solving - questions 22 – 45 (r = .92) 

• Self-Restraint - questions 46 – 64 (r = .91) 

• Self-Motivation - questions 65 – 76 (r = .89) 

• Self-Regulation of Emotions - questions 77 – 89 (r = .92) 

Examples of the Self-Management to Time subdomain consists of questions related to 

having a poor sense of time, failing to meet scheduled deadlines, and being unable to hold onto 
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things in mind that must be done (Barkley, 2011a). Examples of the Self-Organization/Problem 

Solving subdomain consist of questions related to being unable to anticipate future events, 

having trouble learning new or complex activities, and being easily distracted by irrelevant 

events or thoughts. Examples of the Self-Restraint subdomain consist of questions related to 

finding it difficult to wait, changing plans at an impulse, and having difficulty inhibiting 

emotions. Examples of the Self-Motivation subdomain consist of questions related to skipping 

out on work that is boring, not putting as much effort into work compared to others, and having 

inconsistent quality or quantity of work performance. Examples of the Self-Regulation of 

Emotion subdomain consists of questions related to being unable to gain emotional control when 

angry, remaining emotionally upset longer, and being unable to distract oneself from emotionally 

upsetting events. The EF subdomain summary scores were obtained by adding each of the five 

subdomains separately, with a higher number indicating a greater EF deficit.   

Driving Performance Survey. The Driving Performance Survey (Barkley et al., 1993; 

Barkley et al., 2002) is a self-report scale that consists of twenty-six questions on a 4-point scale 

(e.g., Never or Rarely, Sometimes, Often, and Very Often). The Driving Performance Survey 

consists of items related to checking traffic before entering, maintaining an appropriate distance 

behind vehicles, and obeying the posted traffic signs. A total score will be calculated, with a 

lower score indicating decreased driving performance. A continuous total score was calculated 

and utilized as the outcome variable within the second research question. The driving 

performance survey was reported as having an internal reliability (coefficient alpha) of .81 

(Barkley et al., 1993). Cronbach’s alpha was calculated as .93 which indicates an excellent 

internal consistency (p<.05; Barkley et al., 1993; Barkley et al., 2002). As well, Barkley et al. 

(1996) evaluated the concurrent validity and found that the driving performance self-report 
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survey had significant correlations with the driving behavior other-informant survey (Barkley, 

Murphy, & Kwasnik, 1996; r = .46, p<.001). The items on the Driving Performance Survey can 

be viewed in Appendix F.  

Work Performance Survey. The Work Performance Rating Scale is a self-report scale 

that consists of eighteen items that are scored on a 4-point scale (e.g., Never or Rarely, 

Sometimes, Often, and Very Often).. The Work Performance Survey consists of items related to 

making careless mistakes in one’s work, talking excessively, and interrupting or intruding on 

others. A higher score within the Work Performance Rating Scale indicates a greater deficit in 

work performance. A continuous total score was calculated and utilized as the outcome variable 

within the second research question. The items on the Work Performance Rating Scale can be 

viewed in Appendix H. Cronbach’s alpha was calculated as .87 which indicates a good internal 

consistency (Bryk & Raudenbush, 1992). 

Demographic questionnaire. A demographic questionnaire was filled out during the 

clinical interview and consists of questions related to gender, age, race, year of college, and 

previous mental health diagnoses. These questions can be viewed in Appendix D.  

Procedures 

 This section will discuss the steps in which participants were evaluated and diagnosed with 

ADHD, coded into a dataset, and selected for use in the analyses of the research questions. 

 Evaluation of ADHD.  Participants initially arrived at a center for testing located on the 

campus of a major southeastern state university. As mentioned previously, participants usually 

scheduled appointments to be evaluated for ADHD or a specific learning disability due to recent 

poor academic performance or to update and confirm a previously received diagnosis of ADHD or 

a specific learning disability. Participants were either self-referred or referred by other university 
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staff who have taken note of their recent decline in academic performance. Some potential benefits 

of being successfully diagnosed with ADHD or a specific learning disability are access to 

appropriate academic accommodations (e.g., extended testing time, private testing environment, a 

note taker for class, etc.) through the university as well as access to ADHD medication. 

The participants who were entered into the archival dataset had undergone the following 

evaluation procedures. First, participants would be taken by an examiner into a room in order to 

read and sign a research informed consent that allowed their data to be collected and entered into 

the dataset without any identification information linking their name to the dataset. Participants 

were told that allowing their testing information to be used would not affect their assessment or 

diagnosis, as their information would only be coded into the dataset after they had completed the 

full assessment and been given their full psychological report. As well, participants were told during 

the informed consent that they have the ability to withdraw their consent at any time during the 

evaluation process without any penalty. There is no specific data on how many participants do not 

consent to have their data anonymously used in the dataset. All clients filled out the following forms 

by Barkley (1997; 2011a; 2011b): Barkley’s Deficits in Executive Functioning Scale (BDEFS; 

Appendix C), Child Symptoms Scale (self-report and other-informant form) Current (ADHD) 

Symptoms Scale (self-report and other-informant form), Developmental History, Driving Behavior 

Survey, and Employment History.  In addition to the self-report symptom scales, other-informant 

rating scales on ADHD symptoms were sent electronically to an individual that knew the 

participant well and at least knew the participant for a minimum of six months. In order to account 

for other differential diagnoses, clients filled out several symptom checklists with items adapted 

from the Diagnostic and Statistical Manual along with the Academic Success Inventory for College 

Students (ASICS; Prevatt et al., 2011).  Clients were given a brief demographic questionnaire 



  
 

82 
 

(Appendix D) as well as a clinical interview in order to provide anecdotal evidence for their 

endorsed symptoms of ADHD.  With respect to psychometric testing, participants completed five 

subtests (e.g., Auditory Working Memory, Concept Formation, Memory for Words, Verbal 

Comprehension, and Visual Matching) from the Woodcock-Johnson III Tests of Cognitive Abilities 

(WJ-III COG) in order to obtain both the participant’s Brief Intellectual Ability (BIA; Woodcock, 

McGrew, & Mather, 2001b) as well as cognitive scores on several areas of EF (e.g., Inhibition, 

Selective Attention, Working Memory, Problem Solving/Set-Shifting, and Verbal Fluency).  

Furthermore, participants completed three subtests on the Woodcock-Johnson III Tests of 

Achievement (WJ-III ACH; Woodcock, McGrew, & Mather, 2011a).  

After synthesizing the information obtained from the clinical interview, the self-report 

scales, and psychometric tests, a diagnosis of ADHD was either determined or rejected.  Criteria for 

a diagnosis of ADHD was adapted from the standards set by both Barkley (2011a) and the DSM-

IV-TR (APA, 2000).  The criteria consisted of the following tenants: 1) the client must have 

experienced significant symptoms of ADHD in childhood, 2) those symptoms in childhood must 

have appeared before middle school and caused significant impairment across several settings (e.g., 

school, home, recreation, etc.), 3) the client reported significant symptoms of ADHD currently, 

which cause significant impairment across several settings, and 4) the previously described 

symptoms are not better accounted for by a differential diagnosis.  

 The evaluators consisted of students enrolled in a master’s/specialist’s School Psychology 

program or a doctoral program in Counseling and School Psychology. In order to qualify as an 

evaluator at the clinic, students must complete several courses on psychological assessment that 

require them to practice administering, calculating, and writing up the test results in a formal 

psychological report. As well, each student is required to pass a preliminary test in which they must 
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role play through assessment procedures with a qualified post-doctoral school psychologist. This is 

done to ensure that the examiners follow the correct procedure in starting testing, addressing 

inquiries, and concluding testing once a score ceiling is met. The evaluators were supervised by 

both a licensed psychologist and an EdS level school psychologist, who read and confirmed that the 

evaluator’s diagnosis of ADHD was appropriate. 

 Dataset Creation. After the participants had completed their evaluation, they were 

later contacted for a short debriefing meeting in which the examiner would go over all of their 

results and diagnoses if a diagnosis was given. After this, the examiner would close their file, 

allowing it to be coded into the archival dataset if consent was given. The entire dataset was 

collected from individuals from 2011 to 2014. Each item score on every self-report scale and 

other-informant scale was individually entered into a laptop utilizing a statistical software 

package. As well, each composite score of the subtests on the WJ-III COG and WJ-III ACH 

was entered (Woodcock, McGrew, Mather, 2011a; 2011b).  The dataset is protected by several 

passcodes on a laptop assigned to the school clinic.  As well, the laptop requires an access 

code and is locked within a filing cabinet to ensure the safety of the students’ anonymous 

information. Appendices A and B consist of the informed consent and IRB approval for this 

study’s procedures.  

 Inclusion/Exclusion Criteria. After the dataset was compiled, a subset of the 

participants were used within the current analysis. The following steps were taken with respect 

to exclusion criteria for the current sample: 1) participants with missing data were excluded 

from the analysis, 2) participants who were not given an ADHD diagnosis were excluded from 

the analysis, 3) participants who received a comorbid diagnosis along with ADHD were 

excluded from the analysis, and 4) participants older than thirty years of age or younger than 
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eighteen years of age were excluded from the analysis. The decision to exclude participants 

who have ADHD as well as a comorbid diagnosis was to avoid any confounding variables that 

might better account for poor cognitive, driving, or work performance. As well, the various 

mental disorders would lessen the generalizability of the findings to other college students 

with ADHD. With respect to age, research has demonstrated that EF, like cognitive 

functioning, is developmental in nature and tends to decline in later adulthood (Barkley, 2012; 

Jurado & Rosselli, 2007). As well, Barkley (2012) stated that further changes in the 

development of EF occur after the age of 30.  

Delimitations 

 Since the procedure of the completed study has been done, it is important to consider the 

delimitations of the study. All participants within the dataset were taken from a combination of 

students from a large, public university as well as a small, public community college. This is a 

sample of convenience, meaning that the results may have limited generalizability outside of this 

university environment. As well, it stands to reason that students seeking testing in order to 

receive accommodations may be doing so due to a drop in their academic achievements. Thus, 

these college students may exaggerate symptoms due to their current stressors and 

circumstances. It is also important to consider that certain students may feign symptoms in order 

to receive access to stimulant medication alongside other accommodations. However, the testing 

process described above does synthesize information from multiple sources (i.e., self- and other-

informant rating scales), which may aide in delineating malingering students. Lastly, the shift in 

diagnostic criteria from the DSM-IV-TR to the DSM-5 has altered the age of when a client’s 

symptoms must be present from prior to 7 years to prior to 12 years (APA, 2013). Elevating the 
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age in which symptoms must be present from childhood has the potential to allow additional 

people to qualify for a diagnosis that were not able to previously.  

Hypotheses and Planned Data Analyses 

Preliminary Descriptive Analysis.  The archived dataset was contained within the 

Statistical Package for the Social Sciences (SPSS). The data was analyzed for any anomalies 

such as missing information or incorrectly coded items. Missing data was reviewed in order to 

attempt to add the information back into the dataset. If crucial data pertaining to the BDEFS, 

cognitive tests of EF, or other self-report scales were missing, the data was deleted before any 

analyses took place (Graham, 2009).   

Multiple Regression Analysis and Assumptions. One of the most commonly used -

statistical analysis tools within social sciences is multiple regression (Petrocelli, 2003). Multiple 

regression is a statistical analysis technique that allows researchers to verify if a set of 

continuous independent variables will estimate a continuous, dependent variable (Petrocelli, 

2003). In order to perform a regression analysis, there are four key assumptions that must be 

explored: 1) Variables are normally distributed, 2) the relationship in the parameters is linear, 3) 

Variables are measured reliably, and 4) Homoscedasticity of the error variance is checked.   

It is important to view if the variables used in our analyses are normally distributed, 

because variables that do not meet this assumption could potentially distort perceived 

relationships (Petrocelli, 2003). In order to assess this assumption, frequency distributions will 

be run on each variable in order to visually inspect histograms for normality. If this assumption 

is not met, an analysis will be conducted in order to remove potential outliers, which will 

improve the accuracy of the results as well as lower type I and type II error (Bryk & 

Raudenbush, 1992).   



  
 

86 
 

In addition to normal distribution, the assumption of linear relationships between 

independent and dependent variables must also be explored. Regression cannot accurately assess 

relationships that are curvilinear. Each independent and dependent variable will have their 

residuals plotted in order to assess for linear relationships (Bryk & Raudenbush, 1992). 

The third assumption is to assess if the variables measured reliably. Instruments that are 

not reliable in measuring their constructs can potentially lead to an increased risk of type II errors 

(Bryk & Raudenbush, 1992). As well, effect size may be inflated by unreliable measures (Bryk 

& Raudenbush, 1992). As discussed previously, the measures listed contain acceptable reliability 

as indicated by Cronbach’s alpha (r = .70-.80; Bryk & Raudenbush, 1992). 

The final assumption of multiple regression is to confirm the assumption of 

Homoscedasticity (Bryk & Raudenbush, 1992). Homoscedasticity refers to all independent 

variables having the same variance of errors. If the variance of errors shows heteroscedasticity, 

there will be an increase in probability of committing a type I error (Bryk & Raudenbush, 1992).  

In order to assess that this assumption is met, independent variables standardized residuals and 

the independent variables predicted values will be plotted on a scatterplot. Ideally, 

homoscedasticity of the error variance should show no discernable pattern in the scatterplot. If 

there appears to be an independent variable that does not demonstrate homoscedasticity, then 

data transformations (e.g., square root, converting to logarithmic scales, inverting and reflecting) 

will be used in order to equalize the variances and reduce the probability of type I error (Bryk & 

Raudenbush, 1992).  

Hierarchical Regression Analysis. Once the assumptions for multiple regression has 

been met, a hierarchical regression will be used in order to measure the incremental validity of 

the BDEFS over cognitive tests of EF on ADHD symptoms and life impairment. Hierarchical 
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regression is a type of multiple regression analysis that allows researchers to test specific, theory-

based hypotheses (Petrocelli, 2003). Specifically, hierarchical regression will assess if one set of 

independent variables adds to the significant variance of a dependent variable, over and above a 

second set of independent variables (Petrocelli, 2003). The order that the independent variables 

are entered in is determined by theoretically based assumptions (Petrocelli, 2003). Barkley’s 

theory of EF and ADHD posits that EF rating scales measure a higher level of EF compared to 

cognitive tests of EF, providing evidence for using the BDEFS as the first block of independent 

variables in the hierarchical regression (Barkley, 2011a; 2012). As well, preliminary evidence 

has indicated that EF rating scales may account for significant variance over and above the 

variance accounted for by cognitive tests of EF on symptoms and life impairments of ADHD 

(Barkley, 2011a; Dehili, Prevatt, & Coffman, 2013; Kamradt, Ullsperger, & Nikolas, 2014). 
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CHAPTER 4 

RESULTS 

 

Demographic Variables and Statistics  

 Demographic characteristics were discussed in the previous sections, which outlined the 

gender, race, and year in college percentages for the participants. Several independent t-tests 

were run in order to evaluate potential gender, race, and year in college effects on ADHD 

symptomology, driving performance, and work performance. To analyze if there was a 

difference between male and female responses, independent t-tests were used on each dependent 

variable used in the future analyses (i.e., inattention symptoms, hyperactivity symptoms, 

impulsivity symptoms, work performance, and driving performance). After analyzing the results, 

Levene’s test was not significant (p < n.s.), indicating there were no significant group differences 

for gender on the dependent variables. A one-way analysis of variance (ANOVA) was used to 

determine if group differences existed with respect to race and year in college. Similar to gender, 

each dependent variable was analyzed separately. No significant results were found (p < n.s.).  

 Alongside this, a series of independent t-tests were used to evaluate gender effects in 

each of the independent variables (i.e., cognitive tests of EF & the BDEFS subdomains). No 

significant effects were found (p < n.s.). As well, a series of one-way ANOVA tests were used in 

order to evaluate if there were significant effects of ethnicity on each of the independent 

variables. No significant findings were found with respect to the cognitive tests of EF (p < n.s.). 

A one-way ANOVA showed that the difference in means between Caucasian (n = 57, M = 26.75, 

SD = 7.489), African American (n = 3, M = 18.67, SD = 6.351), Hispanic (n = 15, M = 26.07, SD 

= 9.662), and “Other” (n = 3, M = 37.00, SD = 8.888) ethnicities were statistically significant on 
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the Self-Motivation subdomain [F = (29, 49) = 1.950, p < .02)]. Due to the limited sample size, 

pair-wise comparisons were unable to be used in order to specify which ethnicities were 

demonstrating a significant effect on the subdomain. 

Assumptions of Multiple Regression 

 As mentioned previously Chapter 3, it was imperative that the assumptions of multiple 

regression (i.e., normality, collinearity, and homoscedasticity) be met before performing any 

statistical analyses. Assessing the assumptions of multiple regression ensures that our variables 

have a linear relationship, removes potential outliers, and will improve the overall accuracy and 

reliability of our findings (Bryk & Raudenbush, 1992; Petrocelli, 2003). The following 

paragraphs expand on the findings of the assumptions of multiple regression. 

 Linearity. Before running the primary analysis, it is vital to assess if the relationship 

between each of the independent and dependent variables is linear (Bryk & Raudenbush, 1992; 

Petrocelli, 2003). Examination of the scatterplots with an overlaid trendline showed that no non-

linear relationships existed between each of the independent and dependent variables. This 

affirms that the current model meets the assumption of linearity (Bryk & Raudenbush, 1992; 

Petrocelli, 2003). 

 Normality. To assess normality, an analysis was done in order to view the distribution of 

each independent variable as well as the dependent variables. An exploratory analysis for each 

dependent variable was performed in order to view the Histogram or Q-Q plot to assess for 

normal distribution of the variables (Petrocelli, 2003). The visual representations of each 

dependent variable demonstrated a normal distribution. Thus, no corrections in the data were 

needed.  
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 Multicollinearity. To assess that there is little to no multicollinerarity within the data, an 

analysis of the tolerance and variance inflation factor (VIF) was performed. Tolerance evaluates 

the influence of each independent variable on one another while VIF evaluates the severity of 

multicollinearity (Bryk & Raudenbush, 1992; Petrocelli, 2003). As shown in Table 4, none of the 

independent variables reached a tolerance value below .2, indicating there is no multicollinearity. 

As well, VIF did not contain any values over 10. This indicated that the independent variables 

were not highly correlated. Thus, the model has met the assumption of multicollinearity. 

Table 4 

Multicollinearity Statistics of Independent Variables 

  Independent Variable        Tolerance           VIF      

 
Concept Formation  .713  1.403 
Visual Matching  .894  1.119 
Numbers Reversed  .452  2.212 
Auditory Working Memory .648  1.544   
Memory for Words  .590  1.696         
Time Management  .462  2.163 
Self-Organization  .534  1.873 
Self-Restraint   .493  2.027 
Self-Motivation  .455  2.200   
Emotion   .634  1.577            

 
 

 Homoscedasticity. Visual examination of the standardized residuals’ scatter plots by the 

regression of the standardized predicted values indicated an even distribution for each variable. 

This shows that the model has met the assumption of homoscedasticity and that the variables do 

not need to be modified for the following regression analysis.  
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Research Question 1  

Do the BDEFS subdomains demonstrate incremental validity in identifying symptoms of 

ADHD (i.e., inattention, hyperactivity, and impulsivity) over the following cognitive subtests of 

EF on the WJ-III COG: Auditory Working Memory, Concept Formation, Numbers Reversed, 

Memory for Words, and Visual Matching? 

 As discussed in chapter 3, hierarchical regression will be used in order to evaluate the 

incremental validity of the BDEFS in identifying ADHD symptoms over the variance already 

accounted for by cognitive tests of EF. This procedure was conducted in the following steps: 1) 

the five BDEFS subdomain scores were entered within the first block of independent variables, 

2) the five cognitive test scores were then added to block two of the independent variables, and 

3) the dependent variable, the inattention total score as obtained on the BARRS-IV, was entered 

(Table 5). After this procedure, the first and second blocks of independent variables were entered 

in reverse order to evaluate the incremental validity of the cognitive tests of EF over the variance 

already accounted for by the BDEFS subdomains on symptoms of ADHD (Table 5).   

 Results indicated that the BDEFS significantly accounted for approximately 48% of the 

variance (R2 = .477) in inattention symptoms, with two of the five subdomains of Time 

Management (β =.495, p <.001) and Self-Organization/Problem Solving (β = .270, p < .05) 

demonstrating significance with respect to their standardized Beta weights (Table 5). Upon 

entering the cognitive tests of EF scores in the second block, the R2 change indicated that the 

cognitive tests accounted for only 3% additional variance, and did not significantly account for 

the variance in inattention symptoms. When the block order was reversed (Table 6), the 

cognitive tests of EF did not account for significant variance in inattention symptoms (R2 = .08, p 

= n.s.). However, when the BDEFS was added, the R2 change indicated that the BDEFS 



  
 

92 
 

accounted for 42% of the variance in inattention, over and above that accounted for by the 

cognitive tests. Once again, Time Management and Self-Organization showed significant 

standardized Beta weights.  

Table 5 

Observing the Incremental Validity of the Cognitive Tests of EF over the Variance Accounted for 

by the BDEFS on ADHD Inattention Symptoms (BAARS-IV) 

 

  Independent R2 ∆R2 B β 
       

Step 1   .477** .477**   
 BDEFS      
  Time Management   .208** .495** 
  Self-Organization   .102* .270* 
  Self-Restraint   .020 .044 
  Self-Motivation   -.042 -.065 
  Emotion   .021 .033 
       

Step 2       
 BDEFS  .508** .030   
  Time Management   .194** .461** 
  Self-Organization   .106* .281* 
  Self-Restraint   .042 .089 
  Self-Motivation   -.048 -.074 
  Emotion   .004 .006 
 EF Tests      
  Concept Formation   -.034 -.079 
  Visual Matching   -.034 -.087 
  Numbers Reversed   .079 .211 
  Auditory Working Memory   -.039 -114 
  Memory for Words   .000 -.001 

Note. B = Unstandardized Beta Weights; β = Standardized Beta Weights. 
*p<.05 
**p<.001 
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Table 6 

Observing the Incremental Validity of the BDEFS over the Variance Accounted for by Cognitive 

Tests of EF on ADHD Inattention Symptoms (BAARS-IV) 
 

  Independent R2 ∆R2 B β 
       

Step 1   .082 .082   
 EF Tests      
  Auditory Working Memory   -.061 -.178 
  Visual Matching   -.080 -.208 
  Concept Formation   .003 .007 
  Memory for Words   .026 .072 
  Numbers Reversed   .079 .212 
       

Step 2       
 EF Tests  .508** .425**   
  Auditory Working Memory   -.039 -.114 
  Visual Matching   -.034 -.087 
  Concept Formation   -.034 -.079 
  Memory for Words   .000 -.001 
  Numbers Reversed   .079 .211 
 BDEFS      
  Time Management   .194** .461** 
  Self-Organization   .106* .281* 
  Self-Restraint   .042 .089 
  Self-Motivation   -.048 -.074 
  Emotion   .004 .006 

Note. B = Unstandardized Beta Weights; β = Standardized Beta Weights. 
*p<.05 
**p<.001 
 
 A similar analysis was then carried out to evaluate the incremental validity of the BDEFS 

and cognitive tests of EF on symptoms of hyperactivity (Table 7). Results indicated that the 

BDEFS significantly accounted for approximately 26% of the variance (R2 = .259) in 

hyperactivity symptoms, with the subdomain of Self-Restraint (β =.555, p <.001) demonstrating 

significance with respect to its standardized Beta weight (Table 7). As well, one cognitive test of 

EF, Visual Matching, demonstrated significance with respect to its standardized Beta weight (β 

=.209, p <.05). Upon entering the cognitive tests of EF scores in the second block, the R2 change 
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indicated that the cognitive tests accounted for only 8% additional variance and did not 

significantly account for the variance of hyperactivity symptoms. When the block order was 

reversed (Table 8), the cognitive tests of EF accounted for approximately 14% of the variance of 

hyperactivity symptoms (R2 = .145, p < .05), with two cognitive tests of EF, Concept Formation 

(β =.252, p <.05) and Auditory Working Memory (β =-.259, p <.05). This demonstrated 

significance with respect to their standardized Beta weights, respectively. When the BDEFS was 

added, the R2 change indicated that the BDEFS significantly accounted for approximately 20% 

of the variance in hyperactivity symptoms, which is over and above that accounted for by the 

cognitive tests. The subdomain of Self-Restraint and the cognitive subtest of Visual Matching 

showed significant standardized Beta weights.  

Table 7  

Observing the Incremental Validity of the Cognitive Tests of EF over the Variance Accounted for 

by the BDEFS on ADHD Hyperactivity Symptoms (BAARS-IV) 

 
  Independent R2 ∆R2 B β 
       

Step 1   .259** .259**   
 BDEFS      
  Time Management   .033 .096 
  Self-Organization   .019 .061 
  Self-Restraint   .210** .555** 
  Self-Motivation   -.134 -.257 
  Emotion   .016 .033 
       

Step 2   .340** .081   
 BDEFS      
  Time Management   .047 .137 
  Self-Organization   .020 .064 
  Self-Restraint   .169* .447* 
  Self-Motivation   -.114 -.219 
  Emotion   .025 .049 

Note. B = Unstandardized Beta Weights; β = Standardized Beta Weights. 
*p<.05 
**p<.001 
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Table 7 Continued 

Observing the Incremental Validity of the Cognitive Tests of EF over the Variance Accounted for 

by the BDEFS on ADHD Hyperactivity Symptoms (BAARS-IV) 

 
  Independent R2 ∆R2 B β 

Step 2       
 EF Tests      
  Concept Formation   .051 .149 
  Visual Matching   .065* .209* 
  Numbers Reversed   -.009 -.030 
  Auditory Working Memory   -.055 -.198 
  Memory for Words   -.012 -.041 

Note. B = Unstandardized Beta Weights; β = Standardized Beta Weights. 
*p<.05 
**p<.001 
 
Table 8 

Observing the Incremental Validity of the BDEFS over the Variance Accounted for by Cognitive 

Tests of EF on ADHD Hyperactivity Symptoms (BAARS-IV) 

 
  Independent R2 ∆R2 B β 
       

Step 1   .145* .145*   
 EF Tests      
  Concept Formation   .087* .252* 
  Visual Matching   .065 .207 
  Numbers Reversed   -.015 -.049 
  Auditory Working Memory   -.072* -.259* 
  Memory for Words   -.022 -.076 
       

Step 2   .340* .196*   
 EF Tests      
  Concept Formation   .051 .149 
  Visual Matching   .065* .209* 
  Numbers Reversed   -.009 -.030 
  Auditory Working Memory   -.055 -.198 
  Memory for Words   -.012 -.041 

Note. B = Unstandardized Beta Weights; β = Standardized Beta Weights. 
*p<.05 
**p<.001 
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Table 8 Continued 

Observing the Incremental Validity of the BDEFS over the Variance Accounted for by Cognitive 

Tests of EF on ADHD Hyperactivity Symptoms (BAARS-IV) 

 

  Independent R2 ∆R2 B β 
Step 2       

 BDEFS      
  Time Management   .047 .137 
  Self-Organization   .020 .064 
  Self-Restraint   .169* .447* 
  Self-Motivation   -.114 -.219 
  Emotion   .025 .049 

Note. B = Unstandardized Beta Weights; β = Standardized Beta Weights. 
*p<.05 
**p<.001 
 

 A similar analysis was then done to evaluate the incremental validity of the BDEFS and 

cognitive tests of EF on symptoms of impulsivity (Table 9). Results indicated that the BDEFS 

significantly accounted for approximately 18% of the variance (R2 = .178) in impulsivity 

symptoms, with the subdomain of Self-Restraint (β =.428, p <.001) demonstrating significance 

with respect to its standardized Beta weight (Table 9). Upon entering the cognitive tests of EF 

scores in the second block, the R2 change indicated that the cognitive tests accounted for only 4% 

additional variance, and did not significantly account for the variance of impulsivity symptoms. 

When the block order was reversed (Table 10), the cognitive tests of EF did not account for 

significant variance of impulsivity symptoms (R2 = .066, p < n.s.). When the BDEFS was added, 

the R2 change indicated that the BDEFS significantly accounted for approximately 15% of the 

variance in impulsivity symptoms, being over and above that which was accounted for by the 

cognitive tests. Once again, the subdomain of Self-Restraint showed a significant standardized 

Beta weight. 
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Table 9 

Observing the Incremental Validity of the Cognitive Tests of EF over the Variance Accounted for 

by the BDEFS on ADHD Impulsivity Symptoms (BAARS-IV) 
 

  Independent R2 ∆R2 B β 
       

Step 1   .178* .178*   
 BDEFS      
  Time Management   .029 .113 
  Self-Organization   .002 .011 
  Self-Restraint   .103* .428* 
  Self-Motivation   -.009 -.029 
  Emotion   -.048 -.150 
       

Step 2   .220* .043   
 BDEFS      
  Time Management   .036 .166 
  Self-Organization   .001 .007 
  Self-Restraint   .088* .365* 
  Self-Motivation   .005 .016 
  Emotion   -.054 -.170 
 EF Tests      
  Concept Formation   .012 .056 
  Visual Matching   .011 .056 
  Numbers Reversed   .023 .121 
  Auditory Working Memory   -.021 -.116 
  Memory for Words   -.037 -.197 

Note. B = Unstandardized Beta Weights; β = Standardized Beta Weights. 
*p<.05 
**p<.001 
 
Table 10 

Observing the Incremental Validity of the BDEFS over the Variance Accounted for by Cognitive 

Tests of EF on ADHD Impulsivity Symptoms (BAARS-IV) 
  Independent R2 ∆R2 B β 
       

Step 1   .066 .066   
 EF Tests      
  Concept Formation   .035 .158 
  Visual Matching   .009 .047 

Note. B = Unstandardized Beta Weights; β = Standardized Beta Weights. 
*p<.05 
**p<.001 
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Table 10 Continued 

Observing the Incremental Validity of the BDEFS over the Variance Accounted for by Cognitive 

Tests of EF on ADHD Impulsivity Symptoms (BAARS-IV) 

 

  Independent R2 ∆R2 B β 
       

Step 1       
  Numbers Reversed   .012 .062 
  Auditory Working Memory   -.030 -.169 
  Memory for Words   -.031 -.167 
       

Step 2       
 EF Tests  .220* .154*   
  Concept Formation   .012 .056 
  Visual Matching   .011 .056 
  Numbers Reversed   .023 .121 
  Auditory Working Memory   -.021 -.116 
  Memory for Words   -.037 -.197 
 BDEFS      
  Time Management   .036 .166 
  Self-Organization   .001 .007 
  Self-Restraint   .088* .365* 
  Self-Motivation   .005 .016 
  Emotion   -.054 -.170 

Note. B = Unstandardized Beta Weights; β = Standardized Beta Weights. 
*p<.05 
**p<.001 
 

Research Question 2 

Do the BDEFS subdomains demonstrate incremental validity in identifying self-reported 

deficits related to work and driving performance over the following cognitive subtests of EF on 

the WJ-III COG: Auditory Working Memory, Concept Formation, Numbers Reversed, Memory for 

Words, and Visual Matching? 

 In order to identify the incremental validity of the BDEFS in identifying deficits in major 

life areas (i.e., Driving and Work Performance) over cognitive tests of EF, hierarchical 

regression was conducted in the following order: 1) the five BDEFS subdomain scores were 
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entered within the first block of independent variables, 2) the five cognitive test scores were then 

added to block two of the independent variables, and 3) the total score of Work Performance was 

entered as the dependent variable (Table 11). After this procedure, the first and second blocks 

were entered in reverse order to further explore the incremental validity of the cognitive tests 

scores over the BDEFS subdomain scores on Work Performance (Table 12).   

With respect to work performance, results indicated that the BDEFS significantly 

accounted for approximately 36% of the variance (R2 = .358) in work performance, with the 

subdomains of Self-Organization/Problem Solving (β =.338, p <.001), Self-Restraint (β =.374, p 

<.001), and Self-Regulation of Emotion (β =-.299, p <.001) demonstrating significance with 

respect to their standardized Beta weight (Table 11). Upon entering the cognitive tests of EF 

scores in the second block, the R2 change indicated that the cognitive tests accounted for only 4% 

additional variance and did not significantly account for the variance of work performance; 

however, three of the subdomains, Self-Organization/Problem Solving (β =.320, p <.05), Self-

Restraint (β = .401, p <.05), and Self-Regulation of Emotion (β = -.303, p <.05) still held 

significance with respect to their standardized Beta weights. When the block order was reversed 

(Table 12), the cognitive tests of EF did not account for significant variance in impulsivity 

symptoms (R2 = .013, p < n.s.). When the BDEFS was added, the R2 change indicated that the 

BDEFS significantly accounted for approximately 38% of the variance in work performance. 

This is over and above that which was accounted for by the cognitive tests. Once again, the 

subdomains of Self-Organization/Problem Solving, Self-Restraint, and Self-Regulation of 

Emotion showed significant standardized Beta weights. 
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Table 11  

Observing the Incremental Validity of the Cognitive Tests of EF over the Variance Accounted for 

by the BDEFS on the Work Performance Survey 

 

  Independent R2 ∆R2 B β 
       

Step 1   .358** .358**   
 BDEFS      
  Time Management   .174 .202 
  Self-Organization   .260* .338* 
  Self-Restraint   .357* .374* 
  Self-Motivation   -.013 -.010 
  Emotion   -.380* -.299* 
       

Step 2   .395** .036   
 BDEFS      
  Time Management   .213 .246 
  Self-Organization   .247* .320* 
  Self-Restraint   .384* .401* 
  Self-Motivation   -.018 -.014 
  Emotion   -.385* -.303* 
 EF Tests      
  Auditory Working Memory   .060 .085 
  Visual Matching   .068 .086 
  Concept Formation   -.171 -.196 
  Memory for Words   -.001 -.001 
  Numbers Reversed   .011 .014 

Note. B = Unstandardized Beta Weights; β = Standardized Beta Weights. 
*p<.05 
**p<.001 
 

Table 12 

Observing the Incremental Validity of the BDEFS over the Variance Accounted for by Cognitive 

Tests of EF on the Work Performance Survey 

 

  Independent R2 ∆R2 B β 
       

Step 1   .013 .013   
 EF Tests      
  Auditory Working Memory   .009 .098 
  Visual Matching   .024 .030 

Note. B = Unstandardized Beta Weights; β = Standardized Beta Weights. 
*p<.05 
**p<.001 
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Table 12 Continued 

Observing the Incremental Validity of the BDEFS over the Variance Accounted for by Cognitive 

Tests of EF on the Work Performance Survey 

 

  Independent R2 ∆R2 B β 
       

Step 1       
  Concept Formation   -.068 -.078 
  Memory for Words   .053 .105 
  Numbers Reversed   -.062 -.126 
       

Step 2   .395** .382**   
 EF Tests      
  Auditory Working Memory   .060 .085 
  Visual Matching   .068 .086 
  Concept Formation   -.171 -.196 
  Memory for Words   -.001 -.001 
  Numbers Reversed   .011 .014 
 BDEFS      
  Time Management   .213 .246 
  Self-Organization   .247* .320* 
  Self-Restraint   .384* .401* 
  Self-Motivation   -.018 -.014 
  Emotion   -.385* -.303* 

Note. B = Unstandardized Beta Weights; β = Standardized Beta Weights. 
*p<.05 
**p<.001 
 

 

With respect to Driving Performance, results indicated that the BDEFS significantly 

accounted for approximately 16% of the variance (R2 = .163) in work performance, with the 

subdomains of Self-Restraint (β =-.366, p <.05) and Self-Motivation (β =-.368, p <.05) 

demonstrating significance with respect to their standardized Beta weight (Table 13). As well, 

one cognitive test of EF, Visual Matching, demonstrated significance with respect to its 

standardized Beta weight (β =.226, p <.05). Upon entering the cognitive tests of EF scores in the 

second block, the R2 change indicated that the cognitive tests accounted for only 7% additional 

variance and did not significantly account for the variance of driving performance; however, the 
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two subdomains, Self-Restraint (β =-.458, p <.05) and Self-Motivation (β = .388, p <.05) still 

held significance with respect to their standardized Beta weights. When the block order was 

reversed (Table 14), the cognitive tests of EF did not account for significant variance in driving 

performance (R2 = .058, p < n.s.). When the BDEFS was added, the R2 change indicated that the 

BDEFS significantly accounted for approximately 18% of the variance in driving performance, 

over and above that accounted for by the cognitive tests. Once again, the subdomains of Self-

Restraint, Self-Motivation, and the cognitive test of Visual Matching showed significant 

standardized Beta weights. In the next chapter, Table 15 will display all of the significant 

findings with respect to change in variance and beta weights shown in Table 5 through Table 14.    

Table 13 

Observing the Incremental Validity of the Cognitive Tests of EF over the Variance Accounted for 

by the BDEFS on the Driving Performance Survey 
  Independent R2 ∆R2 B β 
       

Step 1   .163* .163*   
 BDEFS      
  Time Management   -.066 -.056 
  Self-Organization   -.257 -.243 
  Self-Restraint   -.479* -.366* 
  Self-Motivation   .663* .368* 
  Emotion   -.094 -.054 
       

Step 2   .234* .071   
 BDEFS      
  Time Management   -.022 -.019 
  Self-Organization   -.252 -.238 
  Self-Restraint   -.599* -.458* 
  Self-Motivation   .699* .388* 
  Emotion   -.027 -.015 

Note. B = Unstandardized Beta Weights; β = Standardized Beta Weights. 
*p<.05 
**p<.001 
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Table 13 
 
Observing the Incremental Validity of the Cognitive Tests of EF over the Variance Accounted for 

by the BDEFS on the Driving Performance Survey 
 

  Independent R2 ∆R2 B Β 
       

Step 2       
 EF Tests      
  Concept Formation   .187 .157 
  Visual Matching   .245* .226* 
  Numbers Reversed   .079 .211 
  Auditory Working Memory   -.039 -.114 
  Memory for Words   .000 -.001 

Note. B = Unstandardized Beta Weights; β = Standardized Beta Weights. 
*p<.05 
**p<.001 
 
 
Table 14  

Observing the Incremental Validity of the BDEFS over the Variance Accounted for by Cognitive 

Tests of EF on the Driving Performance Survey 

 
  Independent R2 ∆R2 B β 
       

Step 1   .058 .058   
 EF Tests      
  Auditory Working Memory   .004 .004 
  Visual Matching   .226 .209 
  Concept Formation   .105 .088 
  Memory for Words   .121 .121 
  Numbers Reversed   -.183 -.174 
       

Step 2   .234** .176**   
 EF Tests      
  Auditory Working Memory   -.039 -.040 
  Visual Matching   .245* .226* 
  Concept Formation   .187 .157 
  Memory for Words   .057 .057 
  Numbers Reversed   -.210 -.200 

Note. B = Unstandardized Beta Weights; β = Standardized Beta Weights. 
*p<.05 
**p<.001 
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Table 14 Continued 
 
Observing the Incremental Validity of the BDEFS over the Variance Accounted for by Cognitive 

Tests of EF on the Driving Performance Survey 

 
  Independent R2 ∆R2 B β 
       

Step 2       
 BDEFS      
  Time Management   -.022 -.019 
  Self-Organization   -.252 -.238 
  Self-Restraint   -.599* -.458* 
  Self-Motivation   .699* .388* 
  Emotion   -.027 -.015 

Note. B = Unstandardized Beta Weights; β = Standardized Beta Weights. 
*p<.05 
**p<.001 
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CHAPTER 5 

DISCUSSION 

 

 The purpose of this study was to investigate the incremental validity of the Barkley 

Deficits in Executive Functioning Scale (BDEFS) over cognitive tests of EF on ADHD 

symptoms and real world life deficits (i.e., driving and work performance) in a college student 

population. The BDEFS is a fairly new measure that purports to have better ecological validity 

than cognitive tests of EF (Barkley, 2011a); however, there has not been sufficient independent 

research comparing the incremental validity of the BDEFS over cognitive tests of EF on ADHD 

(i.e., Inattention, Hyperactivity, and Impulsivity) symptoms as well as life deficit areas (i.e., 

Driving and Work Performance) within a college population (Barkley, 2011a). 

 This chapter discusses the results of the analyses and concludes with the implications of 

the study. Table 15 shows the significant findings with respect to the change in variance and 

significant beta weights obtained from the multiple hierarchical regression analyses. There will 

be a discussion organized by each research question and then the implications for future research 

and clinical practice. Finally, the limitations of the study will be discussed. 

Table 15 

Significant Findings of the BDEFS and Cognitive Tests of EF on ADHD symptoms and 

Impairments 
 

Dependent 
Variable 

Independent 
Variable 

Subdomains/ 
Subtests 

Change in 
Variance 

Unstandardized 
Beta Weight 

Standardized 
Beta Weight 

Inattention   ∆R2 B β 
 BDEFS  .425**   
  Time 

Management 
 .194** .461** 

Note. B = Unstandardized Beta Weights; β = Standardized Beta Weights. 
*p<.05 
**p<.001 
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Table 15 Continued 

Significant Findings of the BDEFS and Cognitive Tests of EF on ADHD symptoms and 

Impairments 
 

Dependent 
Variable 

Independent 
Variable 

Subdomains/ 
Subtests 

Change in 
Variance 

Unstandardized 
Beta Weight 

Standardized 
Beta Weight 

Inattention   ∆R2 B β 
 BDEFS     
  Self-Organization  .106* .281* 

Hyperactivity   ∆R2 B β 
 BDEFS  .196*   
  Self-Restraint  .169* .447* 
 EF Tests     
  Visual Matching  .065* .209* 

Impulsivity   ∆R2 B Β 
 BDEFS  .154*   
  Self-Restraint  .088* .365* 

Work 
Performance 

  ∆R2 B Β 

 BDEFS  .382**   
  Self-Organization  .247* .320* 
  Self-Restraint  .384* .401* 
  Self-Emotion  -.385* -.303* 

Driving 
Performance 

  ∆R2 B Β 

 BDEFS  .176*   
  Self-Restraint  -.599* -.458* 
  Self-Motivation  .699* .388* 
 EF Tests     
  Visual Matching  .245* .226* 

Note. B = Unstandardized Beta Weights; β = Standardized Beta Weights. 
*p<.05 
**p<.001 
 

Incremental Validity of the BDEFS and Cognitive Tests of EF on ADHD Symptoms 

 The first research question sought to add evidence towards the incremental validity of the 

BDEFS over cognitive tests of EF on symptoms of ADHD (i.e., inattention, hyperactivity, and 

impulsivity). Overall, our results support that the BDEFS has significant incremental validity 

over cognitive tests of EF in accounting for the variance of ADHD symptoms (i.e., inattention, 
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hyperactivity, and impulsivity symptoms). The BDEFS added anywhere from 15% to 43% to the 

variance over cognitive tests of EF. In contrast, cognitive tests of EF failed to add any significant 

variance to ADHD symptoms over the variance accounted for by the BDEFS. These results align 

with previously reported research, indicating that cognitive tests of EF do not accurately predict 

ADHD symptoms (Barkley, 2011a; 2012; Jurado & Roselli, 2007). 

 The implications of these results are important for several reasons. As indicated 

previously, there are approximately between 2% - 8% of college students with ADHD (Barkley, 

Fischer, Smallish, & Fletcher, 2002; Bush, Valera, & Seidman, 2006; DuPaul et al., 2001; 

DuPaul, Weyandt, O’Dell, & Varejao, 2009; Kessler et al., 2005; Mckee, 2008; Weyandt & 

Dupaul, 2006; Weyandt, Linterman, & Rice, 1995). These college students are more susceptible 

to not completing college due to academic difficulties (Antshel et al., 2010; Biederman et al., 

2004). In order to identify ADHD in college students, an extensive testing battery is used 

including a clinical interview, self-report scales, other-informant report scales, achievement tests, 

and cognitive tests (Barkley, 2006; DuPaul et al., 2009). The results from the current study 

indicate that self-report scales such as the BDEFS will account for significant variance of 

symptoms of ADHD over the variance accounted for by cognitive tests. As well, some of the 

subdomains of the BDEFS give concrete behavioral examples of the deficits that college students 

with ADHD are struggling in, such as time management or motivation, rather than more abstract 

cognitive constructs such as working memory or processing speed. 

 However, this does not mean that cognitive tests of EF do not serve any specific purpose. 

Previous research has shown the utility of cognitive tests with respect to identifying diffuse brain 

damage or underperforming on certain cognitive constructs (Harlow, 1848; Luria, 1973; Pribram, 

1973). Deficits in cognitive constructs such as working memory or processing speed can guide 
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clinicians in choosing appropriate interventions for college students with ADHD. For example, a 

student who scores poorly on a subtest measuring processing speed could benefit from an 

accommodation that provides them additional time to take tests. Likewise, a student who scores 

poorly on a subtest of working memory may benefit from an accommodation of having a note 

taker in class to lessen the burden of holding thoughts in one’s head. 

 Alongside the clinical implications of the BDEFS, our results provide interesting 

implications about EF as a construct. Researchers have been in conflict on whether the EF 

measured by cognitive tests was the same EF that is measured in self-report scales (Barkley, 

2011a; 2012; Jurado & Roselli, 2007). Barkley (2012) proposed that cognitive tests of EF played 

a part in the initial level of EF development (i.e., instrumental-self-directed) demonstrating 

behaviors that became internalized, such as inhibition and working memory. This level of EF is 

self-reliant, meaning that the skills are internal and not aided by others. By contrast the BDEFS 

is more likely to evaluate higher levels of EF such as the tactical-reciprocal level, which utilizes 

tactics and social resources in order to reach future long distance goals (Barkley, 2012). If the EF 

measured by the cognitive tests of EF and the BDEFS were different, one would expect that both 

constructs would account for significant variance independent of one another (Barkley, 2011a). 

For the most part, this was not true as cognitive tests of EF did not significantly predict 

inattention and impulsivity symptoms shown in daily life.  

Reflecting briefly on how tests are administered, tests were taken in about 10-15 minutes 

and were presented in a formal, structured manner. This format does not represent daily overt 

behavior deficits. By assessing internal constructs, tests do not account for the presence of 

external resources. External resources could take the form of therapy, friends, extended time on 

tests, all of which aid college students in achieving their long term goals. EF behavior deficits 
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measured by the BDEFS are at a higher level in the EF process. With these thoughts in mind, 

cognitive tests of EF did significantly account for the variance in hyperactivity symptoms of 

ADHD. Exactly why hyperactivity symptoms are the one symptom group where both cognitive 

tests of EF and the BDEFS were able to significantly account for variance is unclear but some 

hypotheses will be shared in the upcoming section.  

Another way to conceptualize EF is as a hierarchy of constructs (Barkley, 2012). Barkley 

(2012) stated that cognitive tests of EF were a simpler form of EF, ranking them lower on the 

hierarchy than that of the behaviors measured on the BDEFS subdomains. Multiple researchers 

contest whether or not EF deficits are a necessary feature of ADHD, measuring EF through the 

use of cognitive tests (Barkley, 2011a; Bush, Valera, & Seidman, 2005; Castellanos et al., 2006; 

Hervey, Epstein, & Curry, 2004; Jurado & Roselli, 2007; Nigg et al., 2005; Tripp & Wickens, 

2009). As stated previously, this study sought to add evidence to Barkley’s (2012) theory and 

test whether the BDEFS could estimate symptoms of ADHD over the variance accounted for by 

cognitive tests of EF (Barkley, 2011a). The results indicated a consistent pattern of certain 

BDEFS’ subdomains accounting for significant variance of ADHD symptoms over the variance 

accounted for by cognitive tests of EF which seems to lend evidence to the EF construct as a 

hierarchy with cognitive tests being lower than the overt behaviors measured by the BDEFS 

(Barkley, 2012).  

Research has shown that college students with ADHD face significant daily challenges 

compared to their non-ADHD peers (Antshel et al., 2009; DuPaul, Weyandt, O’Dell, & Varejao, 

2009). Clinicians need reliable and valid measures to evaluate ADHD in college students. The 

daily challenges of a college student’s life involve many forms of EF or self-regulation. Whether 

it’s regulating one’s schedule throughout the day, maintaining one’s motivation while studying 
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for exams, or managing one’s emotions in romantic relationships, college students who have 

difficulty regulating their behaviors effectively to meet daily demands could have dire 

consequences with respect to their academic, driving, social, and occupational performances.  

Inattention. With respect to inattention symptoms, the BDEFS added approximately 

43% of variance over the variance accounted for by cognitive tests of EF. The subdomains of 

Time Management and Self-Organization/Problem Solving demonstrated significance with 

respect to their standardized beta weights. For the subdomain of Time Management, the results 

indicated that for every one standard deviation (SD) increase in Time Management there would 

be a .461 SD increase of inattention symptoms. This indicates that college students who have 

increased difficulty in effectively managing their time are more likely to have increased 

endorsement of inattention symptoms. Research has shown that individuals with ADHD are 

prone to struggle with time management in respect to academics (Dupaul, Weyandt, O’Dell, & 

Varejo, 2009; Proctor & Prevatt, 2009; Reaser, Prevatt, Petscher, & Proctor, 2007) and work 

(Barkley & Murphy, 2010). Similarly, researchers have determined that individuals with ADHD 

benefit from utilizing external reminders (e.g., clocks, alarms, calenders, etc.) in order to 

compensate for poor time management (Barkley, 2011a; Dupaul, Weyandt, O’Dell, & Varejo, 

2009; Proctor & Prevatt, 2009; Reaser, Prevatt, Petscher, & Proctor, 2007). 

For the subdomain of Self-Organization/Problem Solving, results indicated that for every 

one SD increase in Self-Organization/Problem Solving there would be a .281 SD increase in 

inattention symptoms. This indicates that college students who have increased difficulty 

effectively organizing their behaviors in order to complete complex or long-term goals are likely 

to have increased endorsement of inattention symptoms. College students are given long-term, 

complex tasks in the form of term papers or cumulative exams that require effective time 
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management and organization in order to effectively prepare and complete challenging 

assignments. Without the proper planning and organization throughout the semester, college 

students will be more likely to suffer academic consequences. Previous research has shown that 

individuals with ADHD have difficulty organizing their behaviors in order to achieve long term 

academic and occupational goals (Barkley, 2011a; Boonstra et al., 2005; Shaw-Zirt, Popali-

Lehane, Chaplin, & Bergman, 2005; Thompson, Molina, Pelham, & Gnagy, 2007). In fact, 

Barkley’s (2012) theory of EF proposed that individuals who reach higher levels of EF, such as 

the tactical-reciprocal level, can organize plans and collaborate with others to develop tactics to 

achieve longer term goals. These advanced organizational strategies (e.g., organizing study 

groups, setting study times, etc.) are more difficult for college students with ADHD, leading to 

poor performance academically (Antshel et al., 2010; Barkley, 2012; Dupaul, Weyandt, O’Dell, 

& Varejao, 2009; Murphy, Barkley, & Bush, 2002; Proctor & Prevatt, 2009; Reaser, Prevatt, 

Petscher, & Proctor, 2007; Weyandt et al., 2013).  

 Hyperactivity. With respect to hyperactivity symptoms, cognitive tests of EF 

significantly accounted for 15% of the variance of hyperactivity symptoms, with the cognitive 

tests of Concept Formation and Auditory Working Memory demonstrating significance with 

respect to their standardized Beta weights. Interestingly, the Beta weight for concept formation 

indicates that for every one SD increase in concept formation, there will be a .252 SD increase in 

hyperactivity symptoms. This indicates that individuals with increased scores on Concept 

Formation are actually more likely to have increased endorsement of hyperactivity symptoms. 

This could be due to the fact that Concept Formation requires participants to frequently switch 

between certain rules in order to infer correct answers. Higher hyperactivity symptoms may 

increase the speed of an individual’s ability to switch between rules during the cognitive test. 
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Previous research has shown that other measures of problem solving, such as the WCST, have 

proven to be reliable and valid measures of identifying frontal lobe brain damage (Baddeley, 

1996; Barcelo & Knight, 2002; Heaton et al. 1993; Milner, 1963; Reitan & Wolfson, 1994; 

Spreen & Strauss, 1998; Stuss & Benson, 1986; Stuss & Levine, 2002). The Concept Formation 

subtest, similar to the WCST, is a measure of problem solving that adults with ADHD have 

scored significantly lower on than their non-ADHD peers (Harrier, & DeOrnellas, 2005; 

Woodcock, McGrew, & Mathers, 2001a). 

With respect to Auditory Working Memory, for every one SD increase in Auditory 

Working Memory there is a decrease of .259 SD in hyperactivity symptoms. This indicates that 

individuals with increased scores on Auditory Working Memory are more likely to have 

decreased endorsement of hyperactivity symptoms. The results indicate that the BDEFS added 

approximately 20% of variance over the variance accounted for by cognitive tests of EF. 

Research has shown that adults with ADHD scored significantly worse on other tests of selective 

attention, such as the CPT (Barkley et al., 2008; Conners, 1995; Willcutt et al., 2005).  

Alongside the BDEFS, the cognitive test of Visual Matching accounts for significant 

variance in hyperactivity symptoms with respect to its standardized Beta weight, indicating for 

every one SD increase in Visual Matching there is a .447 SD increase in hyperactivity. Similar to 

Concept Formation, these results show that increased scores on Visual Matching are more likely 

to have increased endorsement of hyperactivity symptoms. Visual Matching is a subtest that falls 

under the cluster of Processing Speed, requiring participants to find two numbers that are alike 

by using quick visual perceptions. It stands to reason that increased hyperactivity symptoms 

could aid in faster response times with respect to identifying matching patterns. Contrary to our 

results, previous research has shown that other tests of inhibition, such as the Stroop Test 
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(Stroop, 1935), have not significantly correlated with self-report rating scales of ADHD 

symptoms (Barkley & Fischer, 2011). It may be that college students with ADHD have higher 

cognitive functioning and the relationships between hyperactivity symptoms and Visual 

Matching are more apparent (Antshel et al., 2010; Barkley et al., 2006; DuPaul Weyandt, O’Dell, 

& Varejao, 2009).  

With respect to the BDEFS, the subdomain of Self-Restraint demonstrated significance 

with respect to its standardized Beta weight.  Results indicate that for every one SD increase in 

Self-Restraint there would be a .447 SD increase in hyperactivity symptoms. This indicates that 

college students who have increased difficulty stopping maladaptive behaviors or making 

impulsive decisions such as going to a party rather than studying are likely to have increased 

endorsement of hyperactivity symptoms. Previous research has shown that individuals with 

hyperactivity symptoms have difficulty in restraining at-risk behaviors in academics (Antshel et 

al., 2010; Barkley, 2011a; Dupaul, Weyandt, O’Dell, & Varejao, 2009), driving (Barkley, 2011a; 

Barkley, Anderson, & Kruesi, 2007; Richards et al., 2006), and at work (Barkley, 2011a; Barkley 

& Murphy, 2010; Shifrin, Proctor, & Prevatt, 2010; Wilens, Faraone, & Biederman, 2004).  

 It is interesting that two cognitive tests of EF, Concept Formation and Auditory Working 

Memory, are not significant once the BDEFS has been added into the model. This indicates that 

some of the BDEFS subdomains better account for the variance of these cognitive tests of EF on 

hyperactivity symptoms. Alongside this, it appears that though some of the BDEFS subdomains 

account for the variance of Concept Formation and Auditory Working Memory, they do not 

account for the variance of the Visual Matching subtest.  

 Impulsivity. With respect to impulsivity symptoms, the BDEFS added approximately 

15% of variance over the variance accounted for by cognitive tests of EF. The subdomain of 
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Self-Restraint demonstrates significance with respect to its standardized Beta weight. Results 

indicate that for every one standard deviation (SD) increase in Self-Restraint there would be a 

.365 SD increase of Impulsivity symptoms. This indicates that college students who have 

increased difficulty changing plans suddenly, failing to consider consequences for their actions, 

or cannot inhibit emotions as well as others are more likely to have increased endorsement of 

impulsivity symptoms. College students are constantly presented with opportunities that will test 

their self-restraint. Whether it’s agreeing to meet friends late at night for drinks or choosing to 

join a weekend road trip out of town, it is vital for college students to exercise restraint in order 

to meet academic demands. Previous research has shown that adults with ADHD have marked 

difficulty with restraining impulses that lead to negative consequences in academics, driving, and 

occupational performance, as well as illicit drug and alcohol use and gambling (Anthel et al., 

2010; Baker, Prevatt, & Proctor, 2012; Breyer, Botzet, Winters, Stinchfield, August, & 

Realmuto, 2009; Bush, Valera, & Seidman, 2006; Shifin, Proctor, & Prevatt, 2010; Thompson, 

Molina, Pelham, & Gnagy, 2007). 

 Conclusion.  Reviewing the results seems to indicate that our hypothesis was supported, 

as the BDEFS always significantly accounted for variance on symptoms of ADHD (i.e., 

Inattention, Hyperactivity, & Impulsivity) over the variance accounted for by cognitive tests of 

EF within a college student sample. Specifically, the subdomains of Time Management and Self-

Organization/Problem Solving accounted for significant variance of inattention symptoms while 

the subdomain of Self-Restraint accounted for significant variance of both hyperactivity and 

impulsivity symptoms.  

This finding is significant as it tells us which tools (i.e., the BDEFS or cognitive tests of 

EF) may be more important to look at when evaluating if a college student has ADHD. The 
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BDEFS appears to have evidence to support its incremental validity as a measure that can 

account for the variance over and above the variance accounted for by cognitive tests of EF on 

symptoms of ADHD (i.e., Inattention, hyperactivity, & impulsivity). Conversely, this finding 

tells us that although cognitive tests of EF still have utility with respect to suggesting appropriate 

accommodations, it should be valued less when used to assess and confirm a diagnosis of ADHD 

in a college student population. 

The Incremental Validity of the BDEFS and Cognitive Tests of EF on Driving and Work 

Performance 

 Although there has not been any previous research analyzing the incremental validity of 

the BDEFS on life deficit areas over cognitive tests of EF, it was hypothesized that the BDEFS 

could demonstrate incremental validity of cognitive tests of EF due to the history of cognitive 

tests of EF having low ecological validity (Barkley, 2011a; 2012; Barkley & Murphy, 2011; 

Jurado & Roselli, 2007). The primary findings indicate that the BDEFS significantly accounted 

for the variance in both driving and work performance over the variance accounted for by 

cognitive tests of EF. Consistent with previous research, cognitive tests of EF failed to 

significantly account for the variance of work or driving performance independent of the BDEFS 

(Barkley, 2011a; 2012; Jurado & Roselli, 2007). 

 These results are important due to the implications of poor driving (Barkley, 2011a; 

Barkley, Anderson, & Kruesi, 2007; Barkley, Murphy, DuPaul, & Bush, 2002; DuPaul et al., 

2009; Richards et al., 2006) and work performance (Barkley, 2011a; Barkley & Murphy, 2010; 

Painter, Prevatt, & Wells, 2008; Shifrin, Proctor, & Prevatt, 2010; Wilens, Faraone, & 

Biederman, 2004) within a college setting. Alongside academics, college students with ADHD 

are susceptible to dysfunction with respect to work and driving performance. Poor driving 
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performance such as higher accident rates and speeding ticket violations can have dire, 

potentially life threatening consequences for college students with ADHD. Similarly, poor work 

performance could lead to college students with ADHD being less likely to maintain 

employment as well as financial stability.  

Work Performance. With respect to work performance, the BDEFS added 

approximately 38% of variance over the variance accounted for by cognitive tests of EF. With 

respect to the BDEFS, the subdomains of Self-Organization/Problem Solving, Self-Restraint, and 

Self-Regulation of Emotion demonstrated significance with respect to their standardized Beta 

weights.  For Self-Organization/Problem Solving, results indicate that for every one SD increase 

in Self-Organization/Problem Solving there is a .32 SD increase in deficits of work performance. 

This indicates that college students with ADHD who have increased difficulty considering 

various options and consequences for activities will have increased deficits in work performance 

related to ADHD symptoms. This finding is in line with previous research that has shown that 

individuals with ADHD struggle with organizing their behaviors and have difficulty with 

carrying out multiple tasks throughout the day (Barkely & Murphy, 2010). The ability to 

problem solve, to adapt to the ever changing needs in the work place, is vital to success (Barkley 

& Murphy, 2010). 

For Self-Restraint, results indicate that for every one SD increase in Self-Restraint there 

is a .401 SD increase in deficits of work performance. This shows that college students with 

ADHD who have increased difficulty considering consequences, being objective to things that 

affect them, or have a lower tolerance for frustrating situations are more likely to have increased 

deficits in work performance related to ADHD symptoms. Previous research that shown that 

employers rated their adult employees with ADHD lower than their non-ADHD peers. Being 
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unable to restrain impulses, such as reacting angrily at a frustrating situation, could be one of the 

reasons adults with ADHD are more likely to be reprimanded at work (Barkley & Murphy, 2010; 

Shifrin, Proctor, & Prevatt, 2010; Wilens, Faraone, & Biederman, 2004). 

Interestingly for Self-Regulation of Emotion, results indicate that for every one SD 

increase in Self-Regulation of Emotion there is a .303 SD decrease in deficits of work 

performance. This indicates that college students with ADHD who have increased difficulty in 

regaining emotional control or remaining emotional longer than others are less likely to have 

increased deficits in work performance related to ADHD symptoms. This finding is especially 

curious given that questions within the subdomains of Self-Restraint and Self-Regulation of 

Emotion appear to evaluate similar symptoms. However, questions on the Self-Regulation of 

Emotion subdomain have a unique behavior deficit that differentiates it from other BDEFS 

subdomains. This unique behavior could be explained as the time needed to process events. 

Increased scores on the Self-Regulation of Emotion indicate that increased time is needed for a 

person to process an emotional event. This action of taking more time to process events could 

translate into the individual taking more time with tasks at work, which could lead to decreased 

problems at work such as attention to details or making careless mistakes. As noted in previous 

research, impulsivity in the work place can lead to negative consequences such as being fired 

from a job (Barkley & Murphy, 2010). Previous research in college students with ADHD has 

shown that ADHD symptoms significantly predicted anxiety for those students when they make 

career decisions (Painter, Prevatt, & Wells, 2008). This could be an example of a negative 

consequence of their taking more time to process an event.  

The two subdomains of the BDEFS that did not account for significant variance on work 

performance were Time Management and Self-Motivation. In spite of this, previous research has 
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shown that individuals with ADHD have difficulty managing their time at work (Barkley, 2011a; 

2012; Barkley & Murphy, 2010). A study from Barkley & Murphy (1998) showed that 

employers rated adults with ADHD as less qualified that their non-ADHD peers due to their 

leaving work incomplete. Empirical evidence shows that adults with ADHD have poor time 

management at work; however, this finding may not be true for work performance in college 

students. One potential reason that could explain this finding is that college students may be 

working part-time jobs. These jobs will typically have shorter shifts and fewer responsibilities 

than a full-time job, making it more difficult to identify time management as a significant 

problem. With respect to Self-Motivation, research has shown that college students with ADHD 

tend to have lower levels of extrinsic job satisfaction (e.g., money, grades, praise, etc.) which 

could be why individuals with ADHD do not have significant deficits with intrinsic motivation 

or Self-Motivation (Painter, Prevatt, & Wells, 2008). 

 Driving Performance. With respect to driving performance, the BDEFS added 

approximately 18% of variance over the variance accounted for by cognitive tests of EF. With 

respect to the BDEFS, the subdomains of Self-Restraint and Self-Motivation demonstrated 

significance with respect to their standardized Beta weights. Alongside these BDEFS 

subdomains, one cognitive test of EF, Visual Matching, significantly accounted for the variance 

in driving performance. For Visual Matching, results show that for every one SD increase in 

Visual Matching there is a .226 SD increase in positive driving performance. This result could 

mean that individuals who have increased perceptual speed while inhibiting irrelevant 

information are more likely to have increased driving performance by being aware of their 

surroundings. Previous research has shown that poor performance on certain cognitive tests of 

EF, such as the Stroop Test (Stroop, 1935), have significantly predicted poor driving 
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performance and increased speeding citations (Barkley & Fischer, 2011; Barkley & Murphy, 

2011; Stroop, 1935). The Visual Matching subtest, similar to the Stroop Test, is a measure of 

inhibition that requires individuals to ignore irrelevant information (Burgess & Shallice, 1996, 

1998; Heaton, 1981; Stroop, 1935; Woodcock, McGrew, & Mathers, 2001a). This study found 

that improved scores on Visual Matching subtest estimated better driving performance. Thus, our 

findings are in line with previous research (Barkley & Fischer, 2011; Barkley & Murphy, 2011; 

Stroop, 1935; Woodcock, McGrew, & Mathers, 2001a). 

For Self-Restraint, results show that for every one SD increase in Self-Restraint deficits 

there is a .458 SD decrease in positive driving performance. This means that college students 

with ADHD who report increased difficulty being objective about things that affect them have a 

low tolerance for frustrating situations or are not aware of things of things they say or do are 

more likely to have increased deficits in driving performance. Previous research has shown that 

adults with ADHD are more likely not to restrain themselves from engaging in risky activities, 

such as driving while intoxicated and reckless driving, while also being more likely to be at fault 

for car accidents (Barkley, 2011a; Barkley, Anderson, & Kruesi, 2007; Richards et al., 2006; 

Woodward, Fergusson, & Horwood, 2000). As well, research has shown that medication 

improves driving performance by decreasing impulsive behaviors (Barkley, Anderson, and 

Kruesi). 

Interestingly, for Self-Motivation, it appears that for every one SD increase in Self-

Motivation deficits there is a .388 SD increase in positive driving performance. This indicates 

that college students with ADHD who have increased difficulty with putting effort into their 

work do not have the willpower or determination others have or are unable to work towards 

longer term goals are actually more likely to have increased positive driving performance. As 
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noted earlier, individuals with ADHD are more prone to drive recklessly, receive speeding 

citations, and engage in street racing (Woodward, Fergusson, & Horwood, 2000). Though this 

finding initially seems peculiar, it could imply that college students who have increased 

motivation or determination than others will tend to drive quickly and recklessly to reach their 

destinations in a short amount of time.  

Three subdomains (i.e., Time Management, Self-Organization/Problem Solving, & Self-

Regulation of Emotion) did not significantly account for the variance in driving performance. 

With respect to Time Management and Self-Organization/ Problem Solving, many of the 

questions listed in the BDEFS focus on difficulty judging time to get places, forgetting what to 

do, and difficulty remembering things. These items could manifest in college students with 

ADHD getting lost, forgetting directions, or underestimating the time to get to class. With the 

rise of smartphones and Global Positioning System (GPS) directions, it could be that these 

deficits in Time Management are less pronounced. With respect to Self-Regulation of Emotion, 

research has shown that adults with ADHD may have difficulty controlling emotional outbursts 

(Barkley, 2011a; 2012). As well, research has shown that adults with ADHD are more prone to 

get into accidents (Barkley, Anderson, & Kruesi, 2007). Connecting this research shows that 

adults with ADHD who get into accidents are more likely to have difficulty with regulating their 

emotions. It could be that college students with ADHD spend less time; particularly with 

students living on campus and depending on public transportation. Or it could be that college 

students with ADHD are more unpracticed and tentative drivers and consequently less likely to 

demonstrate emotional impulsivity while driving. 

 Conclusion. Reviewing the results seems to indicate that our hypothesis was supported 

as the BDEFS always significantly accounted for the variance of life deficit areas related to 
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ADHD (i.e., driving and work performance) over cognitive tests of EF within a college student 

sample (Barkley, 2011a; Barkley, Anderson, & Kruesi, 2007; Richards et al., 2006; Shifrin, 

Proctor, & Prevatt, 2010; Wilens, Faraone, & Biederman, 2004). This result further indicates the 

BDEFS incremental validity in accounting for variance of life deficits related to ADHD over 

cognitive tests of EF.  

Similar to ADHD symptoms, these results do not dismiss the utility of cognitive test of 

EF completely. While the BDEFS appears to have more incremental validity, cognitive tests of 

EF could still aide in the recommendations and accommodations for those with deficits in 

driving performance. For example, a person with marked difficulty with working memory may 

benefit from the use of a GPS to make up for their inability to hold directions in mind while 

driving. As well, those who score poorly on subtests of selective attention (i.e., Auditory 

Working Memory, Numbers Reversed, and Memory for Words) may be advised to avoid talking 

or texting on the phone while driving. 

Limitations 
 

 There are multiple considerations that should be taken into account when interpreting the 

results of this study. The results of this study were based on a convenience sample of students 

who attended a large, southeastern university and were being tested for ADHD potentially due to 

recent academic difficulties. These conditions may make it difficult to generalize the results to 

other college students in community colleges, private colleges, and other geographic areas across 

the United States. In addition, students may have been seeking a re-evaluation of a previous 

diagnosis of ADHD.  

 In addition, the sample used contained a mixture of students evaluated for ADHD with a 

majority of students identifying as Caucasian (68.7%) and Hispanic (18.1%), while a smaller 
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group of students identified as Asian (3.6%), African American (3.6%) and no ethnicity listed 

(6%). The BDEFS ethnicity sample mirrored the frequency and percentages found on the 2000 

U.S. Census: White (77.3%), Black (6.8%), other non-Hispanic (3.8%), Hispanic (8.9%), and 2+ 

races non-Hispanic (3.2%).  

 An additional limitation should be taken with respect to the sample population used for 

this study. In order to obtain a pure sample of ADHD, individuals with ADHD and co-morbid 

disorders were excluded from the analysis. Research has shown that individuals with ADHD 

have a higher chance to have co-morbid disorders such as anxiety disorders & depression 

(Oosterlaan,  Scheres, & Sergeant, 2005). With that in mind, the results obtained from this study 

may have limited generalizability due to the participants having no co-morbid diagnoses. 

 As well, many students within the data set were diagnosed with ADHD by using criteria 

specified on the DSM-IV-TR, which has recently been revised on the DSM-5 (APA, 2013). The 

DSM-5 raises the age at which symptoms are present, potentially increasing the amount of 

students who qualify for a diagnosis of ADHD. Similarly, an extensive battery of clinical 

interviews, cognitive and achievement tests, self-report and other-informant scales was used to 

achieve an ADHD diagnosis. This extensive battery and procedures used to evaluate ADHD are 

not necessarily uniform throughout every university, and depending on the resources or size of 

the university, they may be difficult to replicate at other universities.  

. Another limitation of the study is due to the BDEFS being a self-report measure. As 

mentioned previously, there are benefits for college students to malinger their symptoms in order 

to be diagnosed with ADHD and receive academic and medical accommodations. Conversely, 

the BDEFS may be underreported, as previous studies have shown that college students under 

report their EF deficits such as time management.  
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 It is also important to note a limitation within the study with respect to data collection. 

The participants were evaluated for ADHD, coded into a dataset, and later analyzed from the 

information entered into the dataset. Due to collecting and analyzing the data at one moment in 

time, this study was only able to estimate the incremental validity of the BDEFS on ADHD 

symptoms and ADHD life impairments over cognitive tests of EF, rather than predict these 

scores. Future studies could focus on collecting the BDEFS at an earlier point before the 

evaluation of ADHD took place in order to assess the predictive validity of the BDEFS. 

A final possibility should be considered when interpreting these results. Our first research 

question focused on three separate analyses that evaluated the incremental validity of the BDEFS 

on Inattention, Hyperactivity, and Impulsivity symptoms. Although these three symptom types of 

ADHD were separately analyzed, individuals with ADHD rarely have only one subset of these 

symptoms. In fact, forty participants were diagnosed as ADHD Combined type, indicating that 

they endorsed at least six symptoms of inattention and at least six symptoms between 

hyperactivity and impulsivity. So, rather than view the findings of inattention, hyperactivity, and 

impulsivity separately, it may be beneficial to synthesize the findings across symptom types in 

order to inform future research projects and clinical interventions.  

Implications for Future Research 

 The BDEFS has shown some initial evidence of being a valid measure by accounting for 

significant variance of ADHD symptoms and life deficit areas in college students with ADHD, 

but the BDEFS could still benefit from continued research. An examination of the effects of 

gender, race, and year in college on ADHD symptoms and life deficits related to ADHD (i.e., 

driving and work performance) was conducted through the use of independent sample t-tests and 

one-way ANOVA, respectively. Although no significant differences with respect to gender, race, 
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or year in college were found, future researchers would benefit from comparing larger samples 

of different ethnicities, year in schools, and gender to further examine multicultural effects on 

ADHD symptoms and life deficits related to ADHD.  

As well, a pure sample of ADHD was used in the present study. It would be beneficial for 

future studies to analyze any group differences that may present themselves when comparing an 

ADHD group, an ADHD group with comorbid disorders, and a clinical control group. It could be 

that other comorbid disorders such as anxiety could significantly affect EF deficits. Regardless, 

investigating how other mental health disorders affect EF deficits could lead to a greater 

understanding of EF as a construct. 

Another route that should be investigated in future research is the variance accounted for 

by the BDEFS on academic outcomes. This study analyzed the ecological validity of the BDEFS 

by assessing how much variance the BDEFS accounted for on self-report scales for driving and 

work performance. Judging from the findings in this study, it would be wise for future 

researchers to analyze if the BDEFS can estimate or predict academic outcomes. Previous 

research has shown cognitive tests of EF can identify major deficits in cognition through early 

brain studies (Harlow, 1848; Luria, 1973; Pribram, 1973). College students with ADHD present 

a unique challenge to researchers due to the typically higher cognitive functions suspected of 

anyone accepted into a college (Antshel et. Al, 2010). In spite of this, research has shown that 

college students with ADHD are impaired academically compared to their non-ADHD peers 

(Antshel et al., 2010; Barkley et al., 2006; Dupaul Weyandt, O’Dell, & Varejao, 2009). With that 

in mind, the BDEFS may prove a useful tool in estimating or predicting academic outcomes, 

thereby allowing clinicians to consider appropriate accommodations.  
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 In addition to comparing different clinical samples, researchers should look to compare 

ADHD groups who are diagnosed through different means. Evaluation of ADHD with respect to 

this study was through an extensive clinical assessment. Other schools, however, may accept 

diagnoses of ADHD obtained through medical professionals. It could be that evaluations from 

medical professionals rely much more on self-report anecdotes as opposed to standardized self-

report scales or cognitive tests of EF. By doing this, researchers could see if the BDEFS predict 

an ADHD diagnoses in individuals who have not yet gone through any formal assessment 

process.  

 Finally, future researchers would benefit from utilizing the BDEFS as a means of 

exploring the relationship that EF has on “years in college.” Barkley (2012) described EF as a 

developmental construct that evolves over the course of one’s life. As individuals grow, they go 

from being reliant on themselves, to working with others, to then reciprocating favors, and 

finally contributing to society as a whole (Barkley, 2012). This analogy mirrors an individual’s 

evolution through college with students arriving as a result of individual achievement, then 

working with other students and professors to do well in class, reciprocating on projects and 

favors from friends, and graduating to begin work that leads to societal benefits. With this in 

mind, researchers could identify if college students throughout their journey in school are able to 

decrease their deficits in EF. 

Implications for Clinical Practice 

 Evaluating ADHD within a college population is a lengthy, costly endeavor often 

requiring hours of clinical interviews, IQ assessments, self-report symptom scales and other 

informant symptom scales. This multi-faceted approach is necessary to generate enough 

evidence to support a diagnosis of ADHD and receive the appropriate accommodations. 
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However, if evidence continues to strengthen the incremental validity of the BDEFS on ADHD 

symptoms in college students over cognitive tests of EF, it may aid clinicians in being able to 

easily screen students and evaluate if further testing is needed. As well, the BDEFS will be 

cheaper and easier for other health professionals to utilize as opposed to cognitive tests of EF, 

which often require extensive training or advanced degrees in psychology to administer ethically. 

 As mentioned previously, there are a multitude of factors that are taken into consideration 

when diagnosing ADHD within a university setting. This study lends insight as to how clinicians 

should weigh the evidence provided to them by the BDEFS and cognitive tests of EF. By putting 

more emphasis on the BDEFS as a tool to estimate ADHD symptoms and life deficits related to 

ADHD, clinicians will be able to more easily delineate between those students with or without 

ADHD. In addition, it is important to understand that cognitive tests of EF still have clinical 

utility. Although not the most valid measure for estimating ADHD symptomology or life deficit 

areas related to ADHD, cognitive tests of EF still allow clinicians insight as to the interventions 

that would benefit poor cognitive functioning. For example, a college student with ADHD who 

scores low on Visual Matching, a measure of selective attention under the Processing Speed 

cluster, will benefit from an accommodation of an isolated testing environment with extended 

time to complete exams.  

With respect to evaluating the efficacy of ADHD treatments, the BDEFS may be able to 

evaluate the effect that clinical interventions have on decreasing EF deficits (Barkley, 2011a). 

Previous researchers have stated that individuals with ADHD do not necessarily perform poorly 

on cognitive tests of EF, making it impractical to use in monitoring progress over time (Barkley, 

2011a; Bush, Valera, & Seidman, 2005; Castellanos et al., 2006; Hervey, Epstein, & Curry, 

2004; Jurado & Roselli, 2007; Nigg et al., 2005; Tripp & Wickens, 2009). Allowing clients to 
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briefly fill out a weekly self-report form, such as the BDEFS, would allow clinicians to gain a 

better understanding of a client’s broad problem areas. For example, a student who has reported 

difficulty in time management may benefit from the use of interventions such as using reminders 

throughout the day on his or her cellphone. Checking in on the client’s BDEFS subdomains 

could aid clinicians in assessing the effectiveness of interventions used throughout their 

treatment. The findings within this study have indicated that some BDEFS subdomains can 

significantly estimate symptoms of ADHD and deficits in work and driving performance. Thus, 

future clinicians may benefit from utilizing the BDEFS as a way of monitoring progress through 

specific clinical interventions (Barkley, 2011a). 
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APPENDIX A 

 

INTERNAL REVIEW BOARD FOR HUMAN SUBJECTS APPROVAL 

 
 
APPROVAL MEMORANDUM 
 
Date: 12/08/2014 
To: Vincent Dehili  
Address:  
Dept.: EDUCATIONAL PSYCHOLOGY AND LEARNING SYSTEMS 
From: Thomas L. Jacobson, Chair 
Re: Use of Human Subjects in Research 
The Predictive Validity of the Barkley Deficits in Executive Functioning Scale (BDEFS) and 
Cognitive Tests of Executive Function on ADHD Symptoms and Impairments in College 
Students. 
 
The application that you submitted to this office in regard to the use of human subjects in the 
proposal referenced above have been reviewed by the Secretary, the Chair, and two members of 
the Human Subjects Committee. Your project is determined to be Expedited per 45 CFR § 
46.110(7) and has been approved by an expedited review process. 
 
The Human Subjects Committee has not evaluated your proposal for scientific merit, except to 
weigh the risk to the human participants and the aspects of the proposal related to potential risk 
and benefit. This approval does not replace any departmental or other approvals, which may be 
required. 
 
If you submitted a proposed consent form with your application, the approved stamped consent 
form is attached to this approval notice. Only the stamped version of the consent form may be 
used in recruiting research subjects. 
 
If the project has not been completed by 12/07/2015 you must request a renewal of approval for 
continuation of the project. As a courtesy, a renewal notice will be sent to you prior to your 
expiration date; however, it is your responsibility as the Principal Investigator to timely request 
renewal of your approval from the Committee. 
 
You are advised that any change in protocol for this project must be reviewed and approved by 
the Committee prior to implementation of the proposed change in the protocol. A protocol 
change/amendment form is required to be submitted for approval by the Committee. In addition, 
federal regulations require that the Principal Investigator promptly report, in writing any 
unanticipated problems or adverse events involving risks to research subjects or others. 
 
By copy of this memorandum, the chairman of your department and/or your major professor is 
reminded that he/she is responsible for being informed concerning research projects involving 
human subjects in the department, and should review protocols as often as needed to insure that 
the project is being conducted in compliance with our institution and with DHHS regulations. 
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This institution has an Assurance on file with the Office for Human Research Protection. The 
Assurance Number is IRB00000446. 
Cc: Frances Prevatt <fprevatt@fsu.edu> 
HSC No. 2014.13880 
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APPENDIX B 

 

BARKLEY DEFICITS IN EXECUTIVE FUNCTIONING SCALE 

 

 

Instructions: How often do you experience each of these problems?  Please circle the number 
next to each item that best describes your behavior DURING THE PAST 6 MONTHS.   

All items are on a Likert scale with 1= Never or Rarely, 2= Sometimes, 3= Often, and 4= Very Often 

 

1. Procrastinate or put off doing things until the last minute 0 1 2 3 

2. Poor sense of time 0 1 2 3 

3. Waste or mismanage my time 0 1 2 3 

4. Not prepared on time for work or assigned tasks 0 1 2 3 

5. Fail to meet deadlines for assignments  0 1 2 3 

6. Have trouble planning ahead or preparing for upcoming events  0 1 2 3 

7. Forget to do things I am supposed to do 0 1 2 3 

8. Can’t seem to accomplish the goals I set for myself 0 1 2 3 

9. Late for work or scheduled appointments  0 1 2 3 

10. Can’t seem to hold in mind things I need to remember to do 0 1 2 3 

11. Can’t seem to get things done unless there is an immediate deadline 0 1 2 3 

12. Have difficulty judging how much time it will take to do something or get 
somewhere 

0 1 2 3 

13. Have trouble motivating myself to work 0 1 2 3 

14.  Have difficulty motivating myself to stick with my work and get it done 0 1 2 3 

15. Not motivated to prepare in advance for things I know I am supposed to do 0 1 2 3 

16. Have trouble completing one activity before starting into a new one 0 1 2 3 

17. Have trouble doing what I tell myself to do 0 1 2 3 
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18. Difficulties following through on promises or commitments I may make to 
others 

0 1 2 3 

 

19.Lack self-discipline 0 1 2 3 

20. Have difficulty arranging or doing my work by its priority or  importance; 
can’t “prioritize” well  

0 1 2 3 

21. Find it hard to get started or get going on things I need to get done 0 1 2 3 

     

22. I do not seem to anticipate the future as much or as well as others 0 1 2 3 

23. Can’t seem to remember what I previously heard or read about 0 1 2 3 

24. I  have trouble organizing my thoughts 0 1 2 3 

25. When I am shown something complicated to do, I cannot keep the 
information in mind so as to imitate or do it correctly 

0 1 2 3 

26. I have trouble considering various options for doing things and weighing 
their consequences 

0 1 2 3 

27. Have difficulties saying what I want to say 0 1 2 3 

28. Unable to come up with or invent as many solutions to problems as others 
seem to do 

0 1 2 3 

29. Find myself at a loss for words when I want to explain something to others 0 1 2 3 

30. Have trouble putting my thoughts down in writing as well or as quickly as 
others 

0 1 2 3 

31. Feel I am not as creative or inventive as others of my level of intelligence 0 1 2 3 

32. In trying to accomplish goals or assignments, I find I am not able to think 
of as many ways of doing things as others 

0 1 2 3 

33. Have trouble learning new or complex activities as well as others 0 1 2 3 

34. Have difficulty explaining things in their proper order or sequence 0 1 2 3 

35. Can’t seem to get to the point of my explanations as quickly as others 0 1 2 3 

36. Have trouble doing things in their proper order or sequence 0 1 2 3 

37. Unable to “think on my feet” or respond as effectively as others to 
unexpected events 

0 1 2 3 
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38. I am slower than others at solving problems I encounter in my daily life 0 1 2 3 

39. Easily distracted by irrelevant events or thoughts when I must concentrate 
on something 

0 1 2 3 

 

40. Not able to comprehend what I read as well as I should be able to do; have 
to reread material to get its meaning 

0 1 2 3 

41. Cannot focus my attention on tasks or work as well as others 0 1 2 3 

42. Easily confused 0 1 2 3 

43. Can’t seem to sustain my concentration on reading, paperwork, lectures, or 
work 

0 1 2 3 

44. Find it hard to focus on what is important from what is not important when 
I do things 

0 1 2 3 

45. I Don’t seem to process information as quickly or as accurately as others 0 1 2 3 

     

46. Finds it difficult to tolerate waiting; impatient 0 1 2 3 

47. Make decisions impulsively 0 1 2 3 

48. Unable to inhibit my reactions or responses to events or others 0 1 2 3 

49. Have difficulty stopping my activities or behavior when I should do so 0 1 2 3 

50. Have difficulty changing my behaviors when I am given feedback about 
my mistakes 

0 1 2 3 

51. Make impulsive comments to others 0 1 2 3 

52. Likely to do things without considering the consequences for doing them 0 1 2 3 

53. Change my plans at the last minute on a whim or last minute impulse 0 1 2 3 

54. Fail to consider past relevant events or past personal experiences before 
responding to situations (I act without thinking) 

0 1 2 3 

55. Not aware of things I say or do 0 1 2 3 

56. Have difficulty being objective about things that affect me 0 1 2 3 

57. Find it hard to take other people’s perspective about a problem or situation 0 1 2 3 

58. Don’t think about or talk things over with myself before doing something 0 1 2 3 
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59. Trouble following the rules in a situation 0 1 2 3 

60. More likely to drive a motor vehicle much faster than others (Excessive 
speeding) 

0 1 2 3 

 

61. Have a low tolerance for frustrating situation 0 1 2 3 

62. Cannot inhibit my emotions as well as others 0 1 2 3 

63. I don’t look ahead and think about what the future outcomes will be before 
I do something (I don’t use my foresight) 

0 1 2 3 

64. I engage in risk taking activities more than others are likely to do 0 1 2 3 

     

65. Likely to take short cuts in my work and not do all that I am supposed to 
do 

0 1 2 3 

66. Likely to skip out on work early if my work is boring to do 0 1 2 3 

67. Do not put as much effort into my work as I should or than others are able 
to do 

0 1 2 3 

68. Others tell me that I am lazy or unmotivated 0 1 2 3 

69. Have to depend on others to help me get my work done 0 1 2 3 

70. Things must have an immediate payoff for me or I do not seem to get them 
done 

0 1 2 3 

71. Have difficulty resisting the urge to do something fun or more interesting 
when I am supposed to be working 

0 1 2 3 

72. Inconsistent in the quality or quantity of my work performance 0 1 2 3 

73. Unable to work as well as others without supervision or frequent 
instruction 

0 1 2 3 

74. I do not have the willpower or determination that others seem to have 0 1 2 3 

75. I am not able to work toward longer term or delayed rewards as well as 
others 

0 1 2 3 

76. I cannot resist doing things that produce immediate rewards, even if they 
are not good for me in the long run 

0 1 2 3 
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77. Quick to get angry or become upset 0 1 2 3 

78. Overreact emotionally  0 1 2 3 

79. Easily excitable 0 1 2 3 

80. Unable to inhibit showing strong negative or positive emotions 0 1 2 3 

81. Have trouble calming myself down once I am emotionally upset 0 1 2 3 

 

82. Cannot seem to regain emotional control and become more reasonable once 
I am emotional   

0 1 2 3 

83. Cannot seem to distract myself away from whatever is upsetting me 
emotionally to help calm me down.  I can’t refocus my mind to a more positive 
framework 

0 1 2 3 

84. Unable to manage my emotions in order to accomplish my goals 
successfully or get along well with others 

0 1 2 3 

85. I remain emotional or upset longer than others 0 1 2 3 

86. I find it difficult to walk away from emotionally upsetting encounters with 
others or leave situations in which I have become very emotional 

0 1 2 3 

87. I cannot rechannel or redirect my emotions into more positive ways or 
outlets when I get upset 

0 1 2 3 

88. I am not able to evaluate an emotionally upsetting event more objectively  0 1 2 3 

89. I cannot redefine negative events into more positive viewpoints when I feel 
strong emotions 

0 1 2 3 
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APPENDIX C 

 

DEMOGRAPHIC QUESTIONNAIRE 
 
 
If you consent to taking this survey, please select yes with the knowledge that your information 
will be kept confidential and used for research purposes only. 

� Yes 
� No 

If No Is Selected, Then Skip To End of Survey 

 

1) What is your gender? 

� Male 
� Female  

2) What is your age? 

_________________ (in years) 

3) What is your ethnicity? 
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� Caucasian  
� African American  
� Asian  
� Hispanic  
� Other  

4) What year in college are you in? 

� Freshmen  
� Sophomore  
� Junior  
� Senior 
� Graduate Student  

5) Have you been previously diagnosed with a Learning Disability? 

� Yes 
� No  

6) Have you been previously diagnosed with ADHD? 

� Yes 
� No  
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APPENDIX D 

 

BDEFS SCORING TEMPLATE 

 

 

 

Scale Raw 
Score 

Percentile 
rank 

Classification 

Section 1, Q-1-21 Self-Management/ 

To Time  

   

Section 2, Q-22-45 Self-Organization/ 
Problem Solving 

   

Section 3, Q-46-64 Self-Restraint    

Section 4, Q-65-76 Self-Motivation    

Section 5, Q-77-89 Self-Regulation of 
Emotions 

   

Total sections 1-5 Total EF    

Count # of items answered 3 
or 4 

EF symptom count    

Add items, 
1,6,14,16,24,49,50,55,60 

65, 69 

ADHD-EF index 
score 
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APPENDIX E 

 

DRIVING BEHAVIOR SURVEY 

 
             
Instructions: For each item below, please circle the number next to each item that represents 
how frequently you believe that you use each driving skill during your typical driving 
performance.    

All items are on a Likert scale with 0 = Never or Rarely,  1 = Sometimes, 2 = Often, and 3 = Very Often  

 

 

1. Prior to starting the car, I check all mirrors, adjust the seat (when necessary), 
and put on the seat belt. 

0 1 2 3 

2. When moving into traffic, I check oncoming traffic, wait my turn, and 
accelerate properly.   

0 1 2 3 

3. I use directional (turn) signals prior to making a turn or changing lanes.   0 1 2 3 

4. I turn around and check directly through the rear windshield for any 
obstacles or people in my way before backing up.   

0 1 2 3 

5. I look directly through the left or right passenger side windows to check my 
“blind” spots before changing lanes.   

0 1 2 3 

6. I drive at a rate of speed that is within the posted speed limits. 0 1 2 3 

7. I drive within the marked lane on a highway, and stay on my side of the road 
on two-lane roads.   

0 1 2 3 

8. I avoid driving in the breakdown lanes or on road shoulders unnecessarily.  0 1 2 3 

9. I yield the right of way to other drivers at intersections and traffic rotaries. 0 1 2 3 

10. I react quickly and properly to brake lights when activated on vehicles 
ahead.   

0 1 2 3 

11.  I watch ahead of cars in front of me for obstacles that may be in the road.   0 1 2 3 

12. I observe and respond appropriately to traffic signals (e.g., slow at yellow, 
stop on red). 

0 1 2 3 

13. I adjust speed to bad weather conditions affecting traffic and the roadway. 0 1 2 3 

14. I drive at an appropriate distance from vehicles ahead of me (at least one 
car length for each 10 miles per hour of speed). 

0 1 2 3 

15. I brake smoothly to a stop at marked intersections as required.   0 1 2 3 

16. I maintain two hands on the steering wheel while driving.   0 1 2 3 
17. I drive slowly at an appropriate speed when backing up (in reverse gear). 0 1 2 3 
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18. I notice and obey posted traffic signs (stop, yield, school zones, merge, 
etc.). 

0 1 2 3 

 

19. I follow posted route markers (I do not get lost while driving).  0 1 2 3 

20.  When parking, I slow to a safe speed and park within the designated space.   0 1 2 3 

21. I maintain attention (eye contact) toward traffic and the road ahead of me 
while driving.   

0 1 2 3 

22. I keep the volume of the car radio, tape player, or CD player at a low 
enough level that I can hear sirens or other cars’ horns.   

0 1 2 3 

23. I make sure that passengers riding with me wear their seat belts. 0 1 2 3 

24. I refer to maps before driving through a new area or city.   0 1 2 3 

25. I slow down and move away from maintenance or construction crews 
working on or near the roadway.   

0 1 2 3 

26. Before entering any intersection, I check approaching traffic for safe entry. 0 1 2 3 

 
 
Please circle the number that best describes your overall driving performance: 
 

1     2        3           4   5          6  7  8  9  10 
 

Poor Below Average Average Above Average  Excellent 
 
 
From Attention-Deficit Hyperactivity Disorder: A Clinical Workbook (2nd ed.) by Russell A. Barkley and Kevin R. Murphy. 
Copyright 1998 by The Guilford Press. Permission to photocopy this form is granted to purchasers of the Workbook for personal 
use only (see copyright page for details).   
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APPENDIX F 

 

WORK PERFORMANCE RATING SCALE 

 
 
Instructions: Please rate yourself in your own work performance by circling the number next to 
each item that best describes your behavior at work during the past 6 months.     

 
All items are on a Likert scale with 0 = Never or Rarely,  1 = Sometimes, 2 = Often, and 3 = Very Often 

1. Fail to give close attention to details or make careless mistakes in my work 0 
 

1 2 3 

2. Fidget with hands or feet or squirm in seat   0 1 2 3 

3. Have difficulty sustaining attention in tasks or other work-related activities   0 1 2 3 

4. Leave my seat in meetings, classes, or other situations in which seating is 
expected  

0 1 2 3 

5. Do not listen when spoken to directly  0 1 2 3 

6. Feel restless 0 1 2 3 

7. Do not follow through on instructions and fail to finish work  0 1 2 3 

8. Have difficulty working quietly  0 1 2 3 

9. Have difficulty organizing tasks and activities 0 1 2 3 

10. Seem to be “on the go” or “driven by a motor”   0 1 2 3 

11. Avoid, dislike, or am reluctant to engage in work that requires sustained 
mental effort   

0 1 2 3 

12. Talk excessively 0 1 2 3 
13. Lose things necessary for tasks or activities 0 1 2 3 

14. Blurt out answers before questions have been completed 0 1 2 3 

15. Am easily distracted 0 1 2 3 

16. Have difficulty awaiting turn in group activities   0 1 2 3 
17. Am forgetful in daily activities 0 1 2 3 

18. Interrupt or intrude on others 0 1 2 3 
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APPENDIX G 

 

CURRENT ADHD SYMPTOMS SCALE – SELF-REPORT 
 
 
Instructions: For the first 27 items, please circle the number next to each item that best 
describes your behavior DURING THE PAST 6 MONTHS.  

 
All items are on a Likert scale with 0 = Never or Rarely,  1 = Sometimes, 2 = Often, and 3 = Very Often 

 

1. Fail to give close attention to details or make careless mistakes in 
schoolwork, at work, or during other activities (e.g., overlook or miss details; 
work is inaccurate). 

0 1 2 3 

2. Fidget with or tap hands or feet or squirm in seat 0 1 2 3 

3. Have difficulty sustaining my attention in tasks or play activities (e.g., have 
difficulty remaining focused during lectures, conversations, or lengthy 
reading). 

0 1 2 3 

4. Leave my seat in situations when remaining seated is expected (e.g., leave 
my place in the classroom, in the office or other workplace, or in other 
situations that require remaining in place).   

0 1 2 3 

5. Don’t seem to listen when spoken to directly (e.g., mind seems elsewhere, 
even in the absence of any obvious distraction). 

0 1 2 3 

6. Run about or climb in situations where it is inappropriate (note: in 
adolescents or adults, may be limited to feeling restless). 

0 1 2 3 

7. Don’t follow through on instructions and fail to finish schoolwork, chores, or 
duties in the workplace (e.g., start tasks but quickly lose focus and am easily 
sidetracked). 

0 1 2 3 

8. Unable to play or engage in leisure activities quietly  0 1 2 3 

9. Have difficulty organizing tasks and activities (e.g., difficulty managing 
sequential tasks; disorganized work; have poor time management; fail to meet 
deadlines). 

0 1 2 3 

10. Am “on the go” acting as if “driven by a motor” (e.g., am unable to be or 
am uncomfortable being still for extended time, as in restaurants, meetings; 
may be experienced by others as being restless or difficult to keep up with). 

0 1 2 3 

11. Avoid, dislike, or am reluctant to engage in tasks that require sustained 
mental effort (e.g., schoolwork or homework; for older adolescents and adults, 
preparing reports, completing forms, reviewing lengthy papers).   

0 1 2 3 

12. Talk excessively 0 1 2 3 

13. Lose things necessary for tasks or activities (e.g., school materials, pencils, 
books, tools, wallets, keys, paperwork, eyeglasses, mobile telephones). 

0 1 2 3 

14. Blurt out an answer before a question has been completed (e.g., complete 
others’ sentences, cannot wait for my turn in conversation). 

0 1 2 3 
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15. Am easily distracted by extraneous stimuli (for older adolescents and 
adults, may include unrelated thoughts). 

0 1 2 3 

16. Have difficulty waiting my turn (e.g. while waiting in line). 0 1 2 3 

17. Am forgetful in daily activities (e.g. doing chores, running errands; for 
older adolescents and adults, returning calls, paying bills, keeping 
appointments).   

0 1 2 3 

18. Interrupt or intrude on others (e.g., butt into conversations, games, or 
activities without asking or receiving; for adolescents or adults, may intrude 
into or take over what others are doing).   

0 1 2 3 

 

19. Prone to daydreaming when I should be concentrating on something or 
working 

0 1 2 3 

20. Have trouble staying alert of awake in boring situations 0 1 2 3 

21. Easily confused 0 1 2 3 

22. Easily bored 0 1 2 3 

23. Spacey or “in a fog” 0 1 2 3 

24. Lethargic, more tired than others 0 1 2 3 

25. Underactive or have less energy than others 0 1 2 3 

26. Slow moving 0 1 2 3 

27. I don’t seem to process information as quickly or as       accurately as 
others 

0 1 2 3 

 
 
How old were you when problems with attention, impulsiveness, or hyperactivity first began to 
occur? 
_______________ years old 
 
 
To what extent do the problems you may have circled on the previous pages interfere with your 
ability to function in each of these areas of life activities? 
          

In my home life with my immediate family 0 1 2 3 

In my work or occupation 0 1 2 3 

In my social interactions with others 0 1 2 3 
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In my activities or dealings with the community 0 1 2 3 

In any educational activities 0 1 2 3 

In my dating or marital relationship 0 1 2 3 

In my management of my money 0 1 2 3 

In my driving of a motor vehicle 0 1 2 3 

In my leisure or recreational activities 0 1 2 3 

In my management of my daily responsibilities 0 1 2 3 

 
 

 

Instructions: Again, please circle the number next to each item that best describes your behavior 
DURING THE PAST 6 MONTHS. 

 

1. Lose temper 0 1 2 3 

2. Argue 0 1 2 3 

3. Actively defy or refuse to comply with requests or rules 0 1 2 3 

4. Deliberately annoy people 0 1 2 3 

5. Blame others for my mistakes or misbehavior 0 1 2 3 

6. Am touchy or easily annoyed by others 0 1 2 3 

7. Am angry or resentful 0 1 2 3 

8. Am spiteful or vindictive 0 1 2 3 
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