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Alcohol use is a major problem in college populations. Executive functioning (EF) 

problems are predictive of and predicted by alcohol-related problems; however, traditional 

performance-based measures of executive function (EF) may not accurately reflect individuals’ 

every day functioning. The purpose of this study was to develop an ecologically valid EF task 

specifically for college students, The College Registration Executive Function Task (CREFT), 

and to assess its relationship to existing EF measures, as well as its ability to predict alcohol-use 

and alcohol-related outcomes. CREFT performance was associated with performance on the 

Tower of London, as well as subscales on self-report measures, including UPPS-P Positive 

Urgency and BRIEF-A Organization of Materials. Hierarchical regressions indicated that 

CREFT performance was significantly predictive of binge drinking frequency and added 

significant predictive value to a model including demographic information, traditional 

performance-based tasks, and self-report measures such as the BRIEF-A and UPPS-P.  Sensation 

seeking behavior emerged as a significant predictor of each alcohol outcome, including typical 

drinking rates, binge drinking frequency, alcohol-related problems, and symptoms of alcohol use 

disorder. 
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CHAPTER I 

LITERATURE REVIEW 

Overview of Executive Functioning 

Executive functioning, which has been defined as “those capacities that enable a person 

to engage successfully in independent, purposive, self-directed, and self-serving behavior” 

(Lezak, Howieson, Bigler, & Tranel, 2012), is crucial to peoples’ abilities to function in 

everyday life, as greater decrements in executive functions are related to poorer ability to live 

independently (Hanks, Rapport, Millis, & Deshpande, 1999). Furthermore, individuals with 

impaired executive functioning have trouble with regard to occupational, academic, and 

social/interpersonal functioning (Barkley & Murphy, 2010; Diamontopoulou, Rydell, Thorell, & 

Bohlin, 2007). There are many neuropsychiatric disorders associated with executive functioning 

difficulties, including schizophrenia (Hutton et al., 1998), substance use (Lundqvist, 2005; Tartar 

et al., 2003) depression (Moritz et al., 2002), attention-deficit/hyperactivity disorder (Happé, 

Booth, Charlton, & Hughes, 2006), fetal alcohol syndrome (Rasmussen, 2005), autism spectrum 

disorder (Happé et al., 2006), and obsessive-compulsive disorder (Moritz et al., 2002), among 

others. 

The construct of executive function is similar to intelligence in that there is no universally 

agreed-upon definition. There is disagreement as to which cognitive abilities should be included 

in the concept as well as whether executive function is a unitary trait that can be conceptualized 

similarly to the idea of “g” in intelligence theory. In addition to the definition above, executive 

function has also been described as “a set of general-purpose control mechanisms, often linked to 

the prefrontal cortex of the brain, that regulate the dynamics of human cognition and action” 

(Miyake & Friedman, 2012). These and other definitions share the notion that executive 
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functions regulate or control behavior. For this reason, the functions included in the construct are 

conceptualized as “higher” processes that direct “lower” cognitive processes (Alvarez & Emory, 

2006). Specific executive functions often discussed include initiation, planning, inhibition, 

organization, shifting, and self-monitoring, working memory, and sustained attention (Alvarez & 

Emory, 2006). Additionally, insight may be considered an aspect of executive function in that 

knowledge of one’s own cognitive abilities is critical to the ability to engage in goal directed 

behavior (Robinson, Calama, Glascher, Bruss, & Tranel, 2014). In addition to these 

“metacognitive” executive functions, some have argued that there is also an 

emotional/motivational aspect of executive function involving the coordination of cognitive 

processes and emotions (Ardila, 2008).  

Rather than just being conceptualized as possible deficits that can occur as a result of 

brain impairment, executive functions have also been linked to personality traits that vary in 

normal populations. For example, a factor analysis identified impulsivity as being associated 

with four NEO-PI-R personality facets (Costa & McCrae, 1992; Whiteside & Lynam, 2001). 

Other associations have been found between Five Factor Model personality traits and executive 

functioning. In a sample of older adults, executive functioning was positively associated with 

Neuroticism and negatively associated with Openness to Experience as well as Agreeableness 

(Williams, Suchy, & Kraybill, 2010). Additionally, Luu, Collins, and Tucker (2000) found 

higher Neuroticism correlated with worse performance on measures of response 

selection/inhibition. Openness to Experience, as measured by the NEO-PI-R, was associated with 

overall performance on a number of neuropsychological tasks purported to assess functioning of 

the prefrontal cortex (DeYoung, Peterson, & Higgis, 2005). Further evidence supporting the 

perspective that executive functions represent traits that vary normally include behavioral 
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genetics research indicating that executive functioning is very heritable in both children 

(Engelhardt, Briley, Mann, Harden, & Tucker-Drob, 2015) and young adults (Friedman et al., 

2008). Engelhardt et al. (2015) found that an exclusively genetic factor mediated 100% of the 

variance common to all four executive function domains that they investigated (i.e., inhibition, 

switching, updating, working memory). 

Researchers have proposed models of executive function that place greater emphasis on 

certain aspects of executive function and less on others. For example, Miyake, Friedman, 

Emerson, Witzki, and Howerter (2000) have focused on three separate “executive functions,” 

including shifting between tasks or mental sets (shifting), Updating and monitoring of working 

memory representations (updating), and Inhibition of prepotent responses (inhibition). The first 

of these, shifting refers to one’s ability to shift between multiple tasks, operations, or mental sets 

(Monsell, 1996). This ability likely involves disengaging from non-relevant task sets and 

overcoming proactive interference or negative priming in order to perform a new operation 

(Miyake et al., 2000). For example, one neuropsychological test that is often thought to tap into 

shifting ability is the Wisconsin Card Sort Test (WCST; Berg, 1948; Grant & Berg, 1948), which 

requires examinees to sort cards with designs that vary in shape, color, and number into the 

correct category (color, shape, or number). After a certain number of correct sorts are made, the 

rule changes, at which point the examinee must disengage from the previous, now-irrelevant 

sorting rule and discover/maintain the new sorting rule. An individual who continues sorting 

according to the previous rule is said to be “perseverating,” - having difficulty switching mental 

sets.  The second executive function, updating, involves keeping track of incoming information 

for relevance to the current task and then replacing irrelevant information with newer, more 

relevant information (Morris & Jones, 1990). A task that requires this updating function is the 
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tone-monitoring task used by Miyake et al. (2000), which involves listening to a mix of tones of 

different pitches (low, medium, and high) and responding upon hearing the fourth instance of 

any tone. The third executive function, inhibition, refers to the ability to suppress 

dominant/automatic behaviors. This ability is measured using tests such as the Stroop test, in 

which individuals must inhibit a natural tendency to read a color word and instead name the 

color of the ink in which the word is printed.  

Focusing on the three abilities, Miyake et al. (2000) used confirmatory factor analysis to 

parse out how these three abilities relate to one another. They found that the three abilities were 

moderately correlated with each other but also represent clearly separable constructs. 

Specifically, factor analyses yielded a general EF factor as well as shifting-specific and updating-

specific factors. They later concluded that individual differences in executive functions show 

both unity and diversity in that they represent diverse constructs while still having some 

underlying commonalities (Miyake & Friedman, 2012). The authors believe that the common EF 

factor is about one’s ability to actively maintain task goals and goal-related information and use 

that information in order to effectively bias lower-level processing. Shifting-specific factor 

reflects flexibility, ease of transitioning to new task-set representations, while the authors are less 

sure about what updating-specific factor taps into. This model has found no evidence for an 

inhibition-specific factor once general EF is accounted for (Miyake & Friedman, 2012). Of note, 

a factor analysis of the Delis-Kaplan Executive Function System (D-KEFS; Delis, Kaplan, & 

Kramer, 2001), a battery of tasks designed to assess key components of executive function 

within verbal and spatial modalities in children and adults, also yielded similar findings. The test 

appears to measure conceptual flexibility, monitoring, and inhibition (Latzman and Markon, 

2010, Meil et al, 2016).  
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The research described above indicates that executive function is a construct comprised 

of a number of cognitive processes, and it is not always clear which should be included. Factor 

analyses have suggested that inhibition, switching, and updating/monitoring may be three main 

components of executive functioning. While Miyake’s conceptualization of EF is relatively 

popular, it still has problems. In particular, the factor analyses included few EF measures, and an 

important aspect of EF, planning, was not included due to the difficulty of operationally defining 

it.  

Executive Functions and the Frontal Lobe 

The executive functions have traditionally been associated with the frontal lobes of the 

brain, specifically the prefrontal cortex (PFC). As Fuster (2001) noted, higher brain areas support 

functions that are progressively more integrative, and the PFC is the final part of the brain to 

develop both evolutionarily and ontologically. Fuster (2001) provided an overview of the 

prefrontal cortex, noting that its general job consists of the “memory, planning, or execution of 

actions.” The PFC is connected to many other brain areas, including the thalamus, basal ganglia, 

brainstem, and limbic system, making it well-suited to process and integrate sensory, motor, and 

limbic information.  

The PFC is a large area of the brain that houses many important functions. A variety of 

research approaches including lesion studies, structural imaging, functional imaging, and 

neuropsychological testing have been used to help to inform the localization of these different 

functions to the PFC and to specific areas of the PFC. It should be noted that abilities often 

overlap across areas, and different abilities often activate the same brain regions (Cabeza & 

Nyberg, 2000; Cabeza, Dolcos, Graham, & Nyberg, 2002). 
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There are three major regions of the PFC outlined by Fuster (2001), including the orbital 

(often referred to as “orbitofrontal”), medial, and lateral. The orbital and medial regions are 

generally involved in emotional behavior. For example, patients with orbital lesions 

characteristically demonstrate symptoms related to dramatic personality changes such as 

disinhibtion (including social and moral), impulsivity (leading to high risk behavior), and 

irritability. Another major function of the PFC, given its connections to the thalamus, which is 

often viewed as a “sensory relay station” (McCormick & Bal, 1994), is to filter out irrelevant 

information. The medial region, consisting of the most anterior portion of the cingulate cortex, is 

involved in attention and emotion. Medial frontal lesions may lead individuals with a loss of 

spontaneity, sense of apathy, inability to concentrate attention/sustain effort, and a disinterest in 

the environment. However, the lateral portion of the PFC is the most relevant to the discussion of 

executive functions in that it “provides cognitive support to temporal organization of behavior, 

speech, and reasoning” (Fuster, 2001). This temporal organization/integration is crucial for 

planning and carrying out behaviors, and is critical in novel and complex behaviors. As such, 

common consequences of lesions to the lateral PFC include cognitive deficits such as inability to 

formulate and carry out plans and sequences of actions and difficulty to initiate and execute 

behaviors in an orderly manner. This set of symptoms has been referred to as “dysexecutive 

syndrome” (Baddeley & Wilson, 1988).  

An alternate model of the role of the PFC in executive function, proposed by Stuss and 

Alexander (2007), posits that the three main types of executive function are initiating/sustaining 

a response, task setting, and monitoring (as opposed to Miyake et al.’s updating and shifting 

factors). Basing their theory on neuropsychological test performance of a group of patients with 

frontal lobe lesions, they view initiation as relying on medial frontal regions of the brain, task 
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setting as relying on left lateral regions, and monitoring and adjusting task performance 

involving the right lateral regions. Meanwhile, others have argued that executive function 

mechanisms are ordered hierarchically, with anterior regions using internally generated 

information to guide behavior and posterior areas using external information (Christoff & 

Gabrieli, 2000).  

Banich (2009) describes executive functions as comprising a “temporal cascade” of 

selection processes that occur at distinct areas of the PFC. According to this theory, posterior 

areas of the dorsolateral PFC are involved in attentional set toward task-relevant processes, the 

mid-dorsolateral PFC selects among specific representations that are identified as task-relevant. 

Moving forward, the anterior cingulate is involved in late-stage aspects of selection and 

evaluation of responses. Activity in the ACC is affected by how well executive control was 

applied in previous areas. 

Metacognitive and Emotional/Motivational Executive Functions 

According to Ardila (2008), the prefrontal cortex participates in two broad types of 

executive function abilities that are separate but closely related. Metacognitive executive 

functions refer to those abilities that are assessed using traditional neuropsychological measures, 

including problem solving, abstracting, planning, working memory, etc. Metacognitive executive 

functions are generally associated with the dorsolateral prefrontal cortex. The second broad type 

of executive function involves coordinating cognitive processes and emotions – these are the 

emotional/motivational executive functions. Emotional/motivational executive functions are 

largely associated with the ventromedial prefrontal cortex and help us to fulfill primitive 

impulses (e.g., hunger, sex, aggression) using socially acceptable strategies (one may be 

reminded of Freud’s concept of the “ego.”). Problems with this ability are seen in brain-injured 
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individuals who retain formal knowledge of social norms but act in ways that are in contradiction 

to that knowledge. They are unable to apply the knowledge in real situations.   

The idea of the ventromedial portion of the prefrontal cortex being primarily involved in 

motivational/emotional salience is also reflected in the somatic marker hypothesis (Damasio, 

1996). The somatic marker hypothesis was derived from the observations mentioned above that 

individuals with ventromedial damage often demonstrated intact intelligence and performance on 

neuropsychological testing but exhibited poor decision-making as well as emotional 

abnormalities. According to this theory, the ventromedial prefrontal cortex holds memories 

between the facts that make up a situation (e.g., an outcome for a specific type of response to the 

situation) and emotions that were paired with the facts in an individual’s previous experience. 

These linkages have the potential to reactivate an emotion, which can then activate an action 

tendency for the given situation. The factual knowledge related to a given situation is evoked in 

sensory images in the sensory cortices. Based on previous situations, signals related to the 

situation act on the ventromedial cortex and re-activate the sensory pattern that describes the 

appropriate emotion. Damasio notes that this process can result in a conscious emotion or can be 

unconscious, as the emotions can be represented via a sensory pattern in the brain rather than 

only in the body. The situation’s sensory images are “marked” as good or bad by the 

somatosensory pattern.  

Somatic markers help individuals to make decisions more efficiently by not solely relying 

on rational, logic-based analysis. For example, if one is standing in the grocery store trying to 

choose between 50 varieties of cereal, much time could be wasted in taking a cost-benefit 

analysis approach of each variety (comparing taste, nutrition, etc.); however, a somatic marker 

will may provide an individual with a positive feeling about a certain cereal, enabling them to 
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make a quicker decision. In situations in which the future is uncertain and decisions should be 

influenced by previous experiences, the absence of a somatic marker will result in the decision 

being based purely on logic. This strategy is slower and more likely to lead to errors due to not 

considering previous experience. Individuals with ventromedial damage tend to show this pattern 

of behavior, in addition to a related pattern of decision making involving random and impulsive 

responding (Clark et al., 2008; Bechara, Tranel, & Damasio, 2000). 

Robinson et al. (2014) investigated the neural basis of both metacognitive and 

emotional/motivational aspects of executive function by administering a series of measures 

purporting to assess verbal fluency, working memory, cognitive control, and general executive 

function to participants with documented damage to varying brain areas. Their results replicated 

a previous study by Glascher et al. (2012) and largely supported the theories of Ardila (2008) 

and Stuss (2011), with lesions to the dorsolateral prefrontal cortex and anterior cingulate being 

generally related to metacognitive components of executive function and emotional/motivational 

aspects (apathy, disinhibition) being generally related to ventromedial dysfunction. 

Executive functions are not necessarily specific to the frontal lobes. In fact, Stuss (2011) 

argued that there are problems with the practice of using the terms "executive dysfunction" and 

"frontal lobe dysfunction" interchangeably. One of these problems is the vast connectivity of the 

frontal lobe with non-frontal regions, such as limbic structures (Cummings, 1993), resulting in 

multiple brain areas being involved in executive function. Previous research has shown the 

temporal lobes to be linked to inhibition (Simons & Spiers, 2003) and empathy (Vollm et al., 

2006) as well as parietal regions being associated with metacognitive functions (Collette et al., 

2005). In addition, non-frontal regions, particularly the temporal lobe and sometimes the parietal 

lobe, were implicated in addition to frontal regions in nearly all of the aspects of executive 
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functioning Robinson et al. (2014) assessed.  Another concern is that much of the research 

linking specific functions with specific brain areas is based on studies of individuals with diffuse 

lesions, not limited to the frontal lobes (as in Robinson et al., 2014). Furthermore, Stuss (2011) 

notes that many injuries result in impairments in executive dysfunction despite any demonstrable 

injuries to the frontal lobes.  

Focusing on patients with focal frontal lesions, Stuss (2011) reviewed studies reporting 

attentional impairments. Seven basic task types were identified including sustaining, 

concentrating, sharing, suppressing, switching, preparing, and setting. The processes that might 

be involved in each task were then analyzed, based on processes defined in Norman and 

Shallice's (1986) Supervisory Attention System (SAS) model. This is because 

neuropsychological tasks almost always invoke multiple processes, as will be discussed more 

later. The SAS model posits that the frontal lobe consists of an attentional system in the anterior 

region of the frontal lobe involved in executive control of attention, as well as a posterior system 

concerned with spatial allocation of attention. 

Unlike some other approaches, Stuss (2011) identified "executive functions" as 

consisting of two processes - monitoring and task setting - while classifying metacognition, 

behavioral/emotional self-regulation, and energization (initiating and sustaining responses) as 

separate processes. According to their review, patients with right lateral frontal damage 

demonstrate poor monitoring across tasks, while patients with comparable left lateral damage 

have problems with task setting. Consistent with other research (Robinson et al., 2014), 

behavioral/emotional self-regulation impairment was associated with ventromedial cortex 

damage. Individuals with focal dorsomedial damage demonstrated a pattern of impairment 

related to energization across different tasks. Impairment in metacognition ability, which 



11 

 

orchestrates the other tasks described, was associated with damage to polar regions; however, the 

author noted that this process was difficult to disassemble from the effects of ventromedial 

lesions on behavioral/emotional self-regulation. Overall, the authors conclude that there is no 

unitary "executive function" and that there are discrete functional categories within the frontal 

lobes, including energization, executive, emotion/behavioral regulation, and metacognition - 

each controlled by a specific frontal region (Stuss, 2011); however, it may be argued that these 

four processes are somewhat arbitrary in that they were defined a priori by the researcher based 

on theory and then identified in the review. 

As Alvarez and Emory (2006) note, certain neuropsychological tests, such as those 

involving abstract reasoning, are referred to as frontal tasks as a result of studies showing that 

individuals with frontal lesions perform poorly on them. As alluded to above, however, given the 

vast connectivity between frontal lobes and other brain regions, as well as the fact that 

neuropsychological tasks almost always tap into more than one process, this labeling may be 

misleading. Alvarez and Emory (2006) reviewed lesion and functional neuroimaging studies 

using three popular executive function tasks: Wisconsin Card Sorting Test (WCST), Phonemic 

Verbal Fluency, and Stroop task, in order to determine the sensitivity and specificity of these 

tasks to the frontal lobes.  

The majority of studies reviewed found that adults with frontal lobe lesions performed 

worse than controls on the WCST, while just over half of studies comparing frontal to non-

frontal lesions found that participants with frontal lesions performed worse. The remaining 

studies found no differences when individuals with frontal lobe lesions were compared with 

diffuse and basal ganglia comparison groups.  Five additional studies reviewed showed no 

significant differences between individuals with frontal and non-frontal lesions. Only two studies 
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showed no difference in performance when frontal patients were compared to norms; however, 

these were single-case design studies. Their review of functional neuroimaging studies related to 

the WCST yielded consistent findings with lesion studies, showing that while a bilaterally intact 

dorsolateral prefrontal cortex seems to be necessary for normal performance, a number of non-

frontal brain regions are activated by the WCST as well. Although these neuroimaging studies 

tended to have small sample sizes, the authors state the results point to WCST performance 

activating a neural network involving both frontal and non-frontal areas of the brain.  

 Alvarez and Emory (2006) also reviewed lesion/neuroimaging studies on Phonemic 

Verbal Fluency, a task involving naming as many words beginning with a certain letter (usually 

F, A, or S) within a period of 60 seconds for each trial. Phonemic fluency is a commonly used 

measure of executive functioning, as individuals with frontal lobe damage tend to exhibit 

impaired performance on the task relative to semantic verbal fluency, which involves naming as 

many words as possible within a certain category (Troyer et al., 1998). Of 10 lesion studies 

comparing individuals with frontal lobe damage to healthy controls, each one found that the 

frontal group provided significantly fewer words. Further, 8 of 9 studies showed worse 

performance in individuals with frontal lobe lesions relative to those with non-frontal damage. 

However, reviewed studies indicated that patients with both frontal and non-frontal lesions 

performed worse than controls, and diffuse and frontal lobe patients produced similar amounts of 

words.   

 In addition to the narrative review, a meta-analysis of these studies was also conducted 

(Alvarez and Emory, 2006). The meta-analysis provided more evidence that the WCST is more 

sensitive to frontal lobe damage than the other tasks and that none of the tasks reviewed appear 

to be specific to frontal damage. Taken together, the results of the narrative review and meta-
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analysis support that the tasks examined are sensitive but not specific to the frontal lobes, 

suggesting that referring to these measures as “frontal tests” may be misleading. The researchers 

hypothesize that the three tests are measuring different cognitive processes and that executive 

functioning may not be a unitary construct. 

To summarize, metacognitive aspects of executive function are housed primarily in the 

dorsolateral PFC (Robinson et al., 2014), while emotional/motivational aspects of executive 

function are associated with the ventromedial PFC (Ardila, 2008). Given the vast connections 

between the frontal lobes and other brain structures, measures designed to assess these functions 

appear to be sensitive but not specific to PFC damage (Stuss, 2011).  

Ecological Validity of Executive Functioning Tests 

Due to the importance of executive functioning in terms of its impact on individuals’ 

behavior and functional outcomes, measuring executive functioning using performance-based 

tasks and questionnaires is a routine aspect of neuropsychological evaluations (Rabin, Barr, & 

Burton, 2005). However, executive functioning is challenging to measure for a number of 

reasons. As discussed above, there is disagreement on how to define executive functioning as 

well as which specific cognitive functions should comprise the construct. In addition, there are 

problems related to construct validity, in which tests purported to tap into particular abilities 

(e.g., inhibition, planning, problem solving) often require the use of multiple cognitive abilities, 

such as attention, working memory, etc. (Culbertson & Zilmer, 1998). Similarly, many tests of 

executive function designed to measure a specific aspect of executive functioning appear to tap 

into several executive functions (Culberson & Zilmer, 1998; Latzman & Markon, 2010; Miyake 

et al., 2000). Another challenge of increasing relevance is determining the extent to which 

measures of executive functioning are ecologically valid. 



14 

 

 In the context of neuropsychological assessment, ecological validity has been 

conceptualized as the “functional and predictive relation between the patient’s behavior on a set 

of neuropsychological tests and the patient’s behavior in a variety of real-world settings” 

(Sbordone & Long, 1996, pg. 16). In other words, ecological validity is the extent to which one’s 

test results correlate with daily functioning. Therefore, for a measure of executive functioning 

designed to assess planning ability to be considered ecologically valid, poor performance on the 

task should correlate with real-life planning impairments. The ecological validity of cognitive 

tests can be examined and conceptualized using two approaches: verisimilitude and veridicality 

(Franzen & Wilhelm, 1996).  

Verisimilitude refers to the degree to which the cognitive demands of a test theoretically 

resemble cognitive demands of daily tasks in one’s environment. This approach generally 

involves developing novel tests, as opposed to using traditional tests, designed to mimic real-

world tasks. An example of this is the Behavioral Assessment of the Dysexecutive Syndrome 

(BADS; Wilson et al., 1998), which requires examinees to search maps, associate names with 

faces, remember appointments, organize several activities, etc. The verisimilitude of a task 

depends not only on the extent to which similar skills required by the task are required in one’s 

daily environment, but also the extent to which the testing environment and methods mimic 

one’s daily environment. For example, although assessment situations often involve an examiner 

giving verbal directions to an examinee in a one-on-one situation, this may not happen in similar 

real-world scenarios, perhaps limiting the test’s verisimilitude (Gioia & Isquith, 2004).  

Veridicality refers to the degree to which existing tests are associated empirically to 

measures of real-world functioning. Using this approach, for example, researchers may attempt 

to determine the extent to which the WCST correlates with disability status or informant ratings 
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of executive functioning. A review of the ecological validity of neuropsychological tests found 

that measures of executive functioning using the verisimilitude approach tended to correlate 

more highly with outcome measures than did traditional tests, although there was some mixed 

evidence (Chaytor & Schmitter-Edgecombe, 2003). A combination of both approaches can also 

be used, in which a new test is designed to have high verisimilitude but also be tested for 

veridicality by validating it against outcome measures. 

 Neuropsychological evaluations now place a major focus on ecological validity. While 

many neuropsychological tests were developed to assess in the detection and localizations of 

brain lesions, advances in brain imaging techniques have reduced neuropsychologists’ roles in 

this process - localization of lesions is now one of the least frequent referral questions (Rabin et 

al., 2005). Instead, referral questions are now often centered on functional questions related to 

individuals’ everyday cognitive abilities, as two individuals with brain lesions in the same areas 

can experience vastly different functional outcomes. In addition to determination of specific 

diagnoses, frequent referral questions include rehabilitation/treatment planning, educational 

planning, forensic determination, assessing capacity to work, and assessing capacity for 

independent living (Rabin et al., 2005) 

In many of these types of cases, the neuropsychologist’s report may play a large role in 

determining important decisions, such as whether an individual loses their independence in some 

way, how much compensation they are awarded in a forensic case, and whether they can return 

to work or be placed on disability. In higher education, evaluation reports are sometimes used to 

determine whether students are eligible to receive academic accommodations such as increased 

time on exams. Therefore, neuropsychologists have a serious responsibility to be able to answer 

these questions accurately, using valid assessment tools. In order to do this, the measures 
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administered during assessments need to be demonstrated to be ecologically valid. However, as 

noted above, the majority of commonly used neuropsychological tests, including many designed 

to assess executive functioning, were developed as laboratory measures and were not designed 

for clinical use, let alone for answering functional questions. Questions remain as to whether the 

capacity to sort cards into correct categories on the WCST has any meaningful relationship to 

executive functioning abilities in everyday life. Ecological validity is important not only 

clinically, but also for research. As Spooner and Pachana (2006) note, neuropsychologists are 

also engaged in research work, including the assessment of neurologically intact individuals. For 

example, outcome studies are often conducted that examine changes in cognitive functioning 

following clinical medical or psychological interventions (e.g., mindfulness training, 

psychotherapy, medication). Traditional neuropsychological tasks may not provide information 

about how these interventions have effected individuals’ daily functioning.  

Ecological validity may be particularly important to study for executive functioning 

tasks, given the complexity of the construct as well as the findings that many individuals with 

functional problems will perform within normal limits on performance-based tasks (Stuss & 

Buckle, 1992). Executive functioning tasks are often designed to tap into one or two aspects of 

the construct (although this is not always the reality, as discussed earlier), such as the Tower of 

London assessing planning and the WCST of set-shifting/cognitive flexibility. In other words, 

they are designed to measure a narrow aspect of a neuropsychological construct, which is then 

generalized to ability to function in the natural environment, as opposed to assessing real-world 

adaptive decision-making (Goldberg & Podell, 2000). This strategy could result in missing out 

on collecting the relevant information required to gain a thorough understanding of one’s 

strengths and weaknesses in the domain of executive functioning (Gioia & Isquith, 2004).  
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Ardila (2008) argues that because most traditional neuropsychological tests focus on 

metacognitive executive functions and ignore motivational/emotional ones, the ecological 

validity of these tests is greatly limited. For example, he argues that tests such as the Wisconsin 

Card Sorting Test and Tower of London require metacognitive abilities but are emotionally 

neutral tasks. Therefore, they do not tap into the ability to coordinate cognition with emotion. 

Although, some may argue that there is an emotional component to the WCST, with examinees 

being informed after each response whether they are correct or incorrect, which can produce 

positive or negative emotions – particularly frustration. Nevertheless, such measures primarily 

assess metacognitive aspects of executive functions and thus may not be accurate estimates of 

individuals’ abilities to function in everyday life, given that real life situations are seldom free of 

emotional components.  

The structured nature of the testing environment also presents a challenge to ecological 

assessment, given that executive functions are often thought of as being required most in 

complex, novel, unstructured situations (Gioia & Isquith, 2004). Thus, the structure of the testing 

situation may be detrimental to critical aspects of executive functioning. In addition, creating a 

test to be “novel” can be challenging, since a type of task that is novel to one individual may be 

familiar to another. This also creates difficulties with regard to serial assessment, such as when 

attempting to measure rehabilitation or progression of symptoms, as the tasks will no longer be 

novel upon repeat testing.  

Challenges in Measuring Ecological Validity 

 Evaluating a measure’s ecological validity presents challenges, many of which were 

reviewed by Chaytor and Schmitter-Edgecombe (2003). One of these challenges is the 

environment in which testing takes place. Traditionally, the goal of clinical neuropsychological 
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assessment is to determine one’s level of performance under optimal conditions. This generally 

involves testing in a distraction-free environment, with an examiner providing instructions, 

prompts, and neutral feedback regardless of performance. However, a person’s daily 

environment is unlikely to be this distraction-free, structured, and supportive. Thus, conducting 

validity studies in such environments may not tell researchers much about how an individual can 

perform in their normal settings. Another challenge in evaluating ecological validity is 

determining what outcome measures to validate it against. This is particularly difficult given the 

construct-validity problems associated with executive functioning measures that were discussed 

earlier. If we do not know what a test is actually measuring, or if that test is measuring multiple 

constructs, it is difficult to determine what outcome measures we should select to measure 

ecological validity. This also makes interpreting ecological validity studies difficult. An 

additional problem outlined by Chaytor and Schmitter-Edgecombe (2003) is that testing gathers 

only samples of behavior in a single environment, when in actuality, the individuals’ behavior is 

likely to vary across contexts, introducing error into ecological validity research.  

Compensatory strategies may also cause problems for determining ecological validity. 

Individuals with cognitive impairment often develop compensatory strategies for dealing with 

those impairments. For example, individuals with memory impairment may create a system 

where they write down important information and set alarms on their smartphones to remind 

them of appointments. Although they may be able to function normally in their daily 

environments using these compensatory strategies; these are generally not permitted to be used 

during the testing process. This limits the ecological validity of tests by causing it to potentially 

underestimate what people can do in their normal environments. Similarly, 

neuropsychologists/researchers may not adequately assess examinees’ strengths, including such 
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compensatory mechanisms, supports and environmental resources that might help them to 

function more successfully in everyday life despite cognitive impairments.  

Non-cognitive factors, such as motivation, may also detrimentally influence the 

ecological validity of tasks. For example, individuals may be more or less motivated to 

completed neuropsychological measures than to solve problems and complete tasks in their daily 

environments. Testing is a voluntary process, whereas certain challenges requiring the executive 

functioning abilities in real life cannot be avoided. Other non-cognitive factors cited include 

emotional symptoms, motivation for secondary gain in forensic cases, physical problems that can 

influence test results, premorbid functioning, and environmental demands (Chaytor & Schmitter-

Edgecombe, 2003). 

Another obstacle to determining ecological validity is that the environmental demands on 

one person may be very different from the environmental demands on another. For example, 

some individuals have very cognitively-demanding occupations, filled with situations which 

require intact executive functioning abilities, such as the ability to plan, organize, and problem-

solve in novel, complex situations. Others have jobs that require routine, repetitive tasks, and that 

may be less demanding of the executive functions. Not only with regard to career, but also in 

other aspects of daily functioning, all individuals likely have differences with regard to the levels 

of each aspect of executive functioning that are required of them to function successfully in their 

environments. Therefore, the extent to which a measure is ecologically valid may vary 

depending on the examinee. 

Despite the challenges outlined above, researchers have examined the ecological validity 

of traditional performance-based measures as well as self and informant-report questionnaires. 

Of these studies, the focus here will be on those investigating measures of executive functioning 
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specifically. Overall, many of the tests discussed here were validated on populations with brain 

lesions in general, as opposed to those with focal frontal lobe damage. Mitchell and Miller 

(2008) examined the ability of four subtests from the D-KEFS (Trail Making Test-4, Tower Test, 

Verbal Letter Fluency, and Design Fluency) to predict functional status in older adults, as 

measured by a clinician-rated scale of activities of daily living (ADLs). A composite score of 

these four measures was moderately correlated with functional status (r = .66). However, 

hierarchical regression analyses indicated that the Trail-Making Test 4 score was the only 

variable that accounted for a significant amount of the variance beyond that accounted for by 

depression, years of education, and the other executive functioning tasks used.  

Kibby, Schmitter-Edgecombe, and Long (1998) compared the ecological validity of the 

WCST and a learning/memory task, the California Verbal Learning Test (CVLT), in a small 

sample of participants diagnosed with closed head injuries. The CVLT involves learning a list of 

words read by the examiner over multiple trials. The test also contains short-delay, long-delay, 

and recognition trials. The authors used a traditional scale of return to work as well as a job 

performance scale created for the purposes of the study. Neither the WCST nor the CVLT were 

significantly related to return to work. Two measures of the CVLT significantly correlated with 

the job performance scale, while the WCST perseverative error score did not. The WCST 

perseverative responses score did predict occupational status. Overall, the researchers concluded 

that the results supported their hypothesis that measures of memory functioning would predict 

job performance better than the WCST.  

The ecological validity of the Hayling and Brixton tests, two tasks that are now part of 

the BADS, were studied in a sample of participants with brain injuries (Odhuba, van der Broek, 

& Johns, 2005). The Hayling test is a sentence completion task designed to measure response 
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initiation/suppression; the Brixton test is a rule-detection and rule-following task, requiring 

examinees to view a series of pages with multiple unfilled circles and one filled circle, and then 

predict the position of the filled circle on each subsequent page. Scores on these tests were 

correlated with measures of disability associated with dysexcutive impairments, level of 

handicap, and psychosocial problems associated with frontal lobe damage. Given the modest 

correlations between the executive functioning tasks and the outcome measures used, the 

researchers concluded “it is not possible to make inferences about everyday behaviour on the 

basis of these tests alone.” Another study using the Hayling and Brixton tests, in addition to the 

Zoo Map and Key search sub-tests from the BADS battery, did not find significant correlations 

with informant ratings on the Dysexecutive Questionnaire in a sample of individuals whom had 

sustained severe brain injuries and showed CT scan evidence of frontal lesions (Wood & Liossi, 

2006). This finding provides more evidence that individuals with documented brain impairment 

and difficulties in everyday life may still perform well on performance-based measures. 

Ready, Stierman, and Paulsen (2001) found that traditional tests of neuropsychological 

functioning did not correlate significantly with self-reported everyday social behavior in 

undergraduate students; however, this could reflect problems with self-report questionnaires, as 

opposed to the ecological validity of the tests themselves.  

In a study of substance dependent individuals, poly-substance users (compared to 

matched controls) showed widespread deficits on the Behavioral Assessment of Dysexecutive 

Syndrome (BADS; Wilson et al., 1998), a performance-based test designed to be high in 

verisimilitude. The BADS is comprised of six subtests, designed to examine multiple aspects of 

executive functioning including cognitive flexibility, problem solving, planning, temporal 

judgment, and behavioral regulation. It also contains a supplemental questionnaire, the 
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Dysexutive Questionnaire (DEX), designed to provide an informant-report of everyday 

behaviors related to dysexecutive syndrome. This measure also predicted everyday problems 

related to apathy, disinhibition, and executive dysfunction. However, there were no group 

differences with regard to performance on the WCST, providing evidence that the WCST lacks 

ecological validity in substance dependent individuals.  

In another study assessing the validity of the BADS, Norris and Tate (2000) administered 

the test along with a measure of role functioning and several traditional neuropsychological 

measures, including the COWAT and WCST. They found that only one subtest from the BADS 

(Zoo Map) correlated significantly with the role functioning scale. The Zoo Map subtest and the 

COWAT were the only tests to correlate significantly with the BADS dysexecutive 

questionnaire, with the Zoo subtest correlating in an unexpected direction. In their narrative 

review of the ecological validity of neuropsychological tests, Chaytor and Schmitter-Edgecombe 

(2003) concluded that in the domain of executive functioning, verisimilitude tests such as the 

BADS tended to show more consistent relations to outcome measures than traditional tests such 

as the WCST. Additionally, they noted that self-report measures tended have little relationship to 

neuropsychological test performance. 

In addition to the BADS, other performance-based tests have been developed specifically 

for the purposes of being ecologically valid measures of executive functioning, using the 

verisimilitude approach. One of the first of these tests was the Multiple Errands Test (MET; 

Shallice & Burgess 1991), which was designed to mimic daily life situations more accurately 

than traditional executive functioning tasks. The purpose of this task is for participants to carry 

out a number of tasks within a short period of time in novel locations, where unexpected events 

can occur. In the original study using the MET, hospital patients were handed a card with tasks 
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written on it, including six simple tasks to be completed at a local shopping center – six simple 

tasks (e.g., buy a loaf of bread), a seventh task telling them to be at a certain place in 15 minutes, 

and the final tasks involving obtaining and writing down multiple pieces of information. The 

participants were told to complete the tasks as quickly as possible. Multiple versions of this test 

have since been used by researchers, including a virtual-reality based version (Raspelli et al., 

2012). Different versions are necessary, because the test is site-specific; the tasks have to take 

place in a local shopping center, hospital, etc. Each version of the test consists of 12 tasks similar 

to those outlined above, as well as a set of rules to follow. One of the rules is that participants are 

not allowed to speak to the examiner. Thus, participants must engage in purposeful and goal-

directed behavior while inhibiting any impulses to talk to the examiner (Dawson et al., 2009).   

The original article using the MET found that a small sample of just 3 individuals with 

diagnosed executive dysfunction performed poorly on the task compared to controls (Shallice & 

Burgess, 1991). On a simplified version of the MET, a sample of individuals with brain injuries 

made more rule-breaks, task failures, and total errors than healthy controls, even after controlling 

for general intelligence (Alderman, Burgess, Knight, & Henman, 2003). Performance was then 

compared to everyday dysexecutive problems as assessed by informant ratings on the 

Dysexecutive Questionnaire (DEX) to provide further evidence of ecological validity. 

Participants with many rule-breaking errors showed more severe executive memory symptoms 

(e.g., confabulating, temporal sequencing deficits) in everyday life, while those who committed 

task failure errors demonstrated more negative affect-related symptoms on the DEX. In another 

study, participants with acquired brain injury (stroke or TBI; not specific to the prefrontal cortex) 

performed worse on a version of the MET than matched controls (Dawson et al., 2009). In this 

study, researchers also examined the associations between MET performance and 4 informant-
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reported outcome measures, including the DEX. Among individuals with strokes, the MET did 

not correlate significantly with the DEX total score. However, rule adherence on the task 

correlated with health-related quality of life in stroke survivors. In TBI survivors, total errors on 

the MET correlated significantly with the DEX and adjustment in daily life. 

Several other verisimilitude tasks designed to measure executive function have been 

developed, most of which have limited research supporting their validity at this point. One such 

test is the Executive Function Performance Task (EFPT; Baum, Morrison, Hahn, & Edwards, 

2003), which assesses the level of support needed for individuals to be successful in four daily 

life tasks including preparing meals, managing medications, using the telephone, and paying bills 

(Baum et al., 2008). Significant differences were found between participants with mild to 

moderate stroke and healthy controls on the EFPT (Baum et al., 2008). Doherty, Barker, 

Denniss, Jalil, and Beer (2015) recently developed a computerized cooking task requiring 

participants to virtually cook multiple items requiring different cooking times, with the goal of 

having all items finish cooking at the same time without burning or going cold. A study 

examining the ecological validity of another verisimilitude test, the Virtual Library Task (but not 

four other traditional executive function tests), was able to differentiate well between participants 

with TBI and healthy controls, and it was also predictive of everyday executive functioning, as 

measured by the DEX (Renison, Ponsford, Testa, Richardson, & Brownfield, 2012). Another 

task, the Virtual Action Planning-Supermarket, is a virtual reality program that assesses deficits 

in instrumental activities of daily living. In a sample of 5 individuals diagnosed with 

schizophrenia, difficulties on the virtual supermarket-shopping task translated to difficulties in 

real life grocery shopping (Aubin, Beliveau, & Klinger, 2015).  
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Although the tests described above are high in verisimilitude, there are some other 

problems associated with them. Most previous research conducted on these measures included 

small sample sizes and were not specific to prefrontal cortex lesions. Furthermore, the MET may 

not be practical for many clinicians and researchers, given that a new version must be developed 

at each site. The time and cost in developing the task and establishing its validity and reliability 

before using it will not be feasible for many. In addition, the MET (excluding the virtual version) 

requires examiners to take participants outside of the office/laboratory and into a real-world 

shopping center or similar place. In clinical settings, this may be unrealistic for logistical reasons 

and also poses confidentiality problems. Virtual-reality tasks may also be cost-prohibitive. 

Another potential problem with many of these tasks is that they may not be sensitive enough to 

pick up on subtle executive functioning deficits in populations without brain lesions. As will be 

discussed in more detail below, there is much evidence that individuals using drugs or at risk for 

drug use have some underlying executive functioning deficits. Tasks assessing activities of daily 

living are unlikely to identify such subtle impairments, given that executive functions are most 

taxed when undergoing novel and challenging tasks, as opposed to overlearned skills.  

Finally, questionnaires assessing executive functioning are often considered to be 

inherently ecologically valid, since they inquire directly about individuals’ functioning in daily 

life. Consequently, there is little research directly investigating their ecological validity. Rather, 

such questionnaires, especially the DEX (Wilson et al., 1998), are often used as outcome 

measures when determining the ecological validity of performance-based tasks (e.g., Alderman 

et al., 2003; Chaytor, Schmitter-Edgecome, & Burr, 2006; Renison et al., 2014; Wilson et al., 

1998). Other similar measures include the Brief Rating Inventory of Executive Function – Adult 



26 

 

Version (BRIEF-A; Roth, Isquith, & Gioia, 2005) and the Frontal Systems Behavioral Scale 

(FrSBe; Grace & Malloy, 2000). 

The DEX, as mentioned earlier, is a supplemental part of the BADS battery. The 

questionnaire consists of 20 items designed to sample problems commonly associated with 

dysexecutive syndrome (Wilson et al., 1998), including problems related to 

emotional/personality changes, motivational changes, behavioral changes, and cognitive 

changes. As it is assumed to be inherently ecologically valid, it was used to validate the 

performance-based tasks included in the BADS (Wilson et al., 1998) 

The BRIEF is a questionnaire designed to provide information on everyday executive 

functioning skills within eight domains including inhibit, shift, emotional control, initiate, 

working memory, plan, organize, and self-monitor (Gioia & Isquith, 2004). It features self- and 

informant-report versions for both adults and children. The measure was designed to be 

ecologically valid from a verisimilitude approach, and the authors also provide some evidence of 

veridicality. Specifically, correlations have been found between BRIEF scales and academic 

achievement (Mahone, Koth, Cutting, Singer, & Denckla, 2001) and both injury severity and 

family functioning in children with TBI (Mangeot, Armstrong, Colvin, Yeates, & Taylor, 2002). 

The Frontal Systems Behavior Scale (FrSBe) is a brief rating scale designed to provide a 

measure of behavior disturbances associated with damage to frontal systems. Individuals rate 

themselves or are rated by an informant with regard to behaviors both before and after an injury. 

The test consists of three subscales (Apathy, Disinhibtion, and Executive Dysfunction), and a 

confirmatory factor analysis provided support for these subscales (Stout, Ready, Grace, Malloy, 

& Paulsen, 2003). Support for the ecological validity of this measure includes FrSBe scores 
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being predictive of community integration in TBI survivors (Reid-Arndt, Nehl, & Hinkebein, 

2007).  

Although the research may suggest that performance-based measures have less to offer 

than self-report questionnaires when trying to predict everyday functioning, relying solely on 

self-report measures, however, is also problematic in that they will only be ecologically valid 

insofar as the respondents are providing accurate reports. Chaytor and Schmitter-Edgecombe 

(2003) concluded in their review that self-report measures are inferior to informant and clinician-

reports of everyday cognitive performance, at least in patients with brain impairment. Self-

reports may be inaccurate for a number of reasons, ranging from positive or negative impression 

management to lack of insight or brain impairment itself (e.g., memory difficulties). 

Executive Functioning in Alcohol and Drug Use 

One way in which the ecological validity of a measure can be assessed is the extent to 

which it is predictive of problems. If multiple tests are similarly predictive, then those tests may 

be valid for predicting a problem/disorder. Substance use is one such problem known to be 

associated with executive dysfunction (Lundqvist, 2005; Tartar et al., 2003). According to the 

National Survey on Drug Use and Health, 8.4 percent of people aged 12 and older in 2014 

reported being current marijuana users (Center for Behavioral Health Statistics and Quality, 

2015). An estimated 25.2 percent of the United States population use tobacco. In 2014, 52.7 

percent of individuals aged 12 and older reported using alcohol within the past month, while 6.2 

percent were heavy alcohol users in the past month (Center for Behavioral Health and Quality, 

2015). The significant amount of Americans who currently use drugs is meaningful, because 

drug use is associated with a number of harmful correlates such as psychiatric disorders and 

impairments in social and role functioning (Compton, Thomas, Stinson, & Grant, 2007). 
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 Deficits in executive functioning are significantly associated with drug use. Specifically, 

there is evidence for drug use contributing to executive dysfunction and for pre-existing 

executive dysfunction serving as a predictor for future drug use (Meil, LaPorte, & Stewart, 2012; 

Nigg et al., 2006; Peeters, Vollebergh, Wiers, & Field, 2014; Tartar et al., 2003; Wilens et al., 

2011). With regard to alcohol, chronic abuse is associated with impairment in frontal lobe 

functioning, as evidenced by brain imaging studies and neuropsychological testing (see review in 

Lyvers, 2000). Several studies have linked neuroanatomical findings with neuropsychological 

test results in alcohol abuse (e.g., Akine et al., 2007; Noel et al., 2001). For example, decreased 

gray matter was correlated with decreased performance on the Trail Making Test and WCST 

(Chanraud et al., 2007).  

Although the emphasis of this study will be the effects of alcohol use, other drugs have also 

been shown to detrimentally influence executive functioning. Nicotine dependence is also 

associated with executive dysfunction (Billeux et al., 2010). Chronic heavy smokers performed 

significantly more poorly than non/light and moderate smokers on the WCST test, but not on 

other neuropsychological measures (Razani, Boone, Lesser, & Weiss, 2004). Individuals with 

ADHD and substance use disorder were more likely to have deficits in executive functioning, as 

defined by impaired performance on 2/6 executive functioning measures, than individuals with 

ADHD whom did not have substance use disorder (Wilens et al., 2012). In that study, similar 

results were found for non-ADHD participants.  Nicotine dependence has also been linked to 

self-reported executive dysfunction on all three FrSBe domains (Spinella, 2003).  

Research on marijuana use has yielded similar findings. Gruber, Sager, Dahlgren, Racine, 

and Lukas (2012) compared the performances of early-onset (began using marijuana before the 

age of 16) and late-onset chronic marijuana users as well as non-users on a variety of 
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neuropsychological measures. Marijuana users overall committed significantly more 

perseverative errors as well as failure to maintain set errors on the WCST compared to non-users, 

with early-onset users performing significantly worse than late-onset users. Bolla, Brown, 

Eldreth, Tate, & Cadet (2002) studied the extent to which neurocognitive deficits persist in 

marijuana users after a period of abstinence (28 days) in addition to whether these deficits follow 

a dose-response curve. There was a significant dose-related effect, with more joints smoked per 

week associated with lower performance on measures of executive functioning as well as 

visuoperception, psychomotor speed, and manual dexterity. In particular, large effect sizes in 

WCST performance were found when increasing marijuana use.  

Another existing question is the extent to which these executive functioning deficits predate 

the existence of substance use. Multiple literature reviews have concluded that in addition to 

drug use contributing to executive function impairment, pre-existing impairment is in fact a 

variable that influences individuals’ risk of developing substance dependence (Meil, LaPorte, & 

Stewart, 2012; Peeters et al., 2015). As noted earlier, Nigg et al. (2006) found childhood 

impairments on a response inhibition task was predictive of adolescent problem drinking and 

drug use in adolescents at-risk for substance abuse. Similar results have been found with regard 

to behavioral disinhibition and later substance use disorder (Tartar et al., 2003). Response 

inhibition and working memory impairments in adolescence appear to predict the age at which 

one first drinks (Peeters et al., 2015). One study did not find any differences in maturation of 

executive functioning when comparing six groups of adolescents varying in amount/frequency of 

alcohol consumption (Boelema et al., 2015). In college students, facets of impulsivity – namely 

sensation seeking and positive urgency – are predictive of increases in drinking frequency and 
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negative outcomes associated with alcohol use, respectively (Cyders, Flory, Rainer, & Smith, 

2009).  

The use of alcohol is of particular concern in college student populations. Although college 

students tend to use less illicit drugs than their noncollege peers, college students report higher 

annual and 30-day use of alcohol as well as more occasions involving becoming intoxicated and 

binge drinking (Johnston, O’Malley, Bachman, Schulenberg, & Miech, 2015). Binge drinking in 

college has been linked with careless/reckless behaviors in college as well as increased risk for 

alcohol abuse and dependence after college (Jennison, 2004; Vik, Carrello, Tate, & Field, 2000).  

 As described above, substance use can result in neuropsychological impairments, 

particularly in the domain of executive functioning. The focus of this paper, however, is on 

prediction of substance use. There is some evidence that ecologically-valid measures are more 

predictive than less-ecologically valid tasks. The BADS, but not the WCST, was able to 

discriminate substance-dependent individuals from controls (Verdejo-Garcia & Perez-Garcia, 

2007). In another study, Meil et al. (2016) administered the D-KEFS, FrSBe, Sensation Seeking 

Scale V (SSS-V) along with measures of alcohol, tobacco, and marijuana use to a sample of 

undergraduate students. The D-KEFS was not predictive of substance use. However, FrsBE 

disinhibition scores as well as sensation seeking predicted alcohol use frequency, and all three 

FrSBE subscales (i.e., Apathy, Executive Dysfunction, and Disinhibition) were predictive of 

tobacco use frequency. Sensation seeking was the only unique predictor of marijuana use 

frequency and also predicted alcohol related problems as well as cigarette dependence. Overall, 

when compared to a performance-based measure, ecologically-valid measures emerged as 

stronger predictors both of frequency of use and dependence. 
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Summary 

 In sum, there is concern that traditional measures of EF may not adequately reflect or 

predict individuals’ abilities in everyday life. Tests designed specifically with ecological validity 

in mind may be better able to detect these everyday problems as well as other difficulties 

associated with executive dysfunction. For example, EF deficits are predictive of substance 

abuse, and ecological measures have been more sensitive in identifying these early deficits. 

While ecologically valid EF tests for general adult populations exist, there are currently no 

measures specifically designed to be ecologically valid in college students. Existing ecological 

measures have some drawbacks when used for the purpose of identifying impairments in 

executive dysfunction to predict other problems such as substance use. Some previously 

developed measures are impractical in that they require separate versions to be developed for 

each location they are administered and also involve taking an individual out into the 

community, which is not always realistic for clinicians and researchers. In addition, batteries 

such as the BADS, while sensitive with regard to detecting significant impairments, may be 

insensitive in detecting minor executive dysfunction that may precede the development of 

substance use/abuse. While questionnaires designed to be ecologically-valid have proven useful 

for these purposes, individuals with executive dysfunction may provide inaccurate self-reports 

due to a lack of insight into their difficulties (Chaytor & Schmitter-Edgecombe, 2003). 

Consequently, it is useful to have both self/informant-report questionnaires as well as 

performance-based tasks that are valid for detecting impairment.  

Current Study 

The purpose of the current study was to develop an ecologically valid performance-based 

task of executive functioning that is sensitive to normal variation as well as executive 
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dysfunction in college students, titled the College Registration Executive Function Task 

(CREFT). The test was designed with verisimilitude in mind and was also tested for veridicality 

based on its correlations with other measures of EF, as well as its ability to predict alcohol use in 

a sample of undergraduate students. In order to determine the extent to which it is ecologically 

valid, performance on the task was compared to scores on other brief performance-based tasks 

(i.e., WCST, Tower of London) as well as self-report measures of EF, including the BRIEF-A 

and UPPS Impulsive Behavior Scale (UPPS-P; Lynam, Smith, Whiteside, & Cyders, 2006).  

As described above, alcohol use is common in college students, and chronic/heavy use is 

associated with neuropsychological impairment as well as school-related problems. Therefore, an 

additional goal of this study was to investigate the test’s ability to predict excessive drinking and 

alcohol-related problems in college students. To this end, the Daily Drinking Questionnaire 

(DDQ; (Collins, Parks, & Marlatt, 1985), Alcohol Use Disorders Identification Test (AUDIT; 

Saunders, Aasland, Babor, De la Fuente, & Grant, 1993) as well as the Rutgers Alcohol Problem 

Index (RAPI; White & Labouvie, 2000) were administered.  

The following hypotheses were made for the current study: 

1) Based on theoretical alignment between the CREFT and aspects of EF 

designed to be assessed by the other measures, CREFT scores (i.e., total errors, 

perseverative errors, execution time, and total time) were expected to yield the 

highest correlations with the following measures: BRIEF-A Plan/Organize, 

Inhibit, Task Monitor and Global Executive Composite (GEC), scales, UPPS-P 

Positive Urgency and Sensation Seeking subscales, and Tower of London 

execution time and total correct scores. 
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2) CREFT execution time and total error scores, BRIEF-A GEC and Inhibition, 

and UPPS-P Positive Urgency and Sensation Seeking subscales were expected 

to be predictive of typical drinking rates and time spent drinking per week, as 

measured by the DDQ.   

3) CREFT execution time and total error scores, BRIEF-A GEC and Inhibition, 

and UPPS-P Positive Urgency and Sensation Seeking subscales were expected 

to predict binge drinking frequency. 

4) CREFT execution time and total error scores, BRIEF-A GEC and Inhibition, 

and UPPS-P Positive Urgency and Sensation Seeking subscales were expected 

to be predictive of excessive drinking, as measured by the AUDIT total score.   

5) CREFT execution time and total error scores, BRIEF-A GEC and Inhibition, 

and UPPS-P Positive Urgency and Sensation Seeking subscales was expected 

to be predictive of alcohol-associated problems, as measured by the RAPI total 

score.    
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CHAPTER II 

METHODS 

Participants 

The initial sample for this study consisted of 199 undergraduates enrolled at Indiana 

University of Pennsylvania. These participants were recruited from the subject pool, which 

consists of Introductory Psychology students. Sona software was used to allow potential 

participants to register to participate in the study during specific time slots in which the 

experimenter was available. To be included in the study, participants had to be native English 

speakers between the ages of 18-24 years old. Participants were excluded if they had experienced 

any diagnosed concussions or loss of consciousness within the previous three months. Twelve 

participants were eliminated from the study due to invalid BRIEF results, reducing the number of 

participants to 187. Of these, 123 (65.8%) identified as female, 63 (33.7%) identified as male, 

and 1 did not specify gender (See Table 1). Seventy-eight percent of the sample identified as 

White Non-Hispanic, 15% as African-American, 3.7% as Hispanic or Latino, 1.6% as Asian or 

Pacific Islander, and 1.1% as “other.” The majority of participants were in their Freshman year 

of college (77.5%), while 15.5% were Sophomores, 3.7% were Juniors, and 2.1% were Seniors.  
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Table 1 

Individual Characteristics as Frequency and Percentage of Sample 

Characteristic Frequency Percentage 

Gender   

     Male 63 33.7 

     Female 123 65.8 

     Not Reported 1 0.5 

Ethnicity   

     White Non-Hispanic 146 78.1 

     African American 28 15 

     Hispanic or Latino 7 3.7 

     Asian or Pacific Islander 3 1.6 

     Other 2 1.1 

     Not Reported 1 0.5 

Current Year in College   

     Freshman 145 77.5 

     Sophomore 29 15.5 

     Junior 7 3.7 

     Senior 4 2.1 

     Super Senior (5+ years) 1 0.5 

     Not Reported 1 0.5 
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Procedures 

Data collection took place in computer labs/classrooms at Indiana University of 

Pennsylvania. After signing a consent form, participants were asked to take a seat in front of a 

computer and turn their cell phones off. They then completed a brief demographics questionnaire 

before being administered a series of computerized performance-based EF measures, including 

the CREFT, the WCST, and the ToL. Participants then completed two self-report measures of 

EF, including the BRIEF-A and UPPS-P. Lastly, participants completed the DDQ, AUDIT, and 

RAPI, measures of typical alcohol consumption amount/frequency, excessive drinking, and 

alcohol-associated problems, respectively, in addition to a question assessing frequency of binge 

drinking.   

Measures 

Executive Functioning  

College registration executive function task. The College Registration Executive 

Function Task (CREFT) was designed by William Meil and Matthew Taylor as an ecologically-

valid performance-based measures of executive functioning to be used with college students. The 

task was constructed to simulate the process of registering for college courses based on a 

hypothetical major - the idea for which was based on anecdotal evidence that students often have 

difficulties with course registration, which is a process that likely involves EF. Over a number of 

years spent advising undergraduate students, Meil observed that students frequently present with 

questions and confusion regarding registering for courses, as they struggle to determine which 

courses they need to register to complete requirements for their majors and general studies 

curricula.  The CREFT is considered to be high in verisimilitude, since it is modeled on a real-

world task of relevance to college students.  
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As noted earlier, EF ability is generally considered to be most used when facing novel 

situations and tasks, as opposed to routine ones.   This may pose a challenge with regard to the 

sensitivity of tests high in verisimilitude. To mitigate this problem, participants will be provided 

with a relatively obscure hypothetical major that most students would be unfamiliar with – 

Fermentation Sciences. Using a major that already exists at IUP would be problematic in that 

participants who actually have that major – and consequently experience with the requirements 

for that major -  would have an advantages over others. In other words, the task would not be 

equally novel for everyone. Fermentation Science is an applied science that provides instruction 

in using micro-organisms as agents in the production of beer, wine, and other fermented foods. 

Curricula generally include courses in biology, chemistry, business, as well as specialized 

fermentation sciences courses. Fermentation Sciences degrees are currently offered at only a few 

universities in the United States. The course requirements for this major are adapted from the 

Fermentation Sciences program at Appalachian State University 

(http://programsofstudy.appstate.edu/programs/departments/Fermentation-Sciences-Program).  

The CREFT is primarily computerized administered online via Qualtrics software (Provo, 

UT, 2016), although examinees are also provided with hard copies of certain materials discussed 

below. The participants are provided with the following instructions via the computer:  

“On the following pages, you will be asked to register for 5 courses for one college 

semester (Fall semester of your Junior year). For this task, you are majoring in Fermentation 

Sciences. You are seeking to take the classes necessary to help you complete your major and 

General Studies requirements, while also balancing other responsibilities such as your work 

schedule. Please register for the appropriate courses based on all of these requirements.”  
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  In addition to these instructions, participants are informed as part of the task instructions 

that they have been provided with materials which contain information necessary to completing 

these tasks, including hard copies of a hypothetical transcript of courses that they have already 

taken (Appendix A), an uncompleted checklist of requirements to complete a major in 

Fermentation Sciences (Appendix B), an uncompleted checklist of general studies requirements 

(Appendix C), and a hypothetical work schedule for the semester in which participants are 

registering for courses (Appendix D). Participants are given no further information or prompting 

from the experimenter on how to best complete the task. If participants ask questions about how 

to complete the task or inquire as to whether their answers are correct (other than technical 

questions/issues), the experimenter’s response is, “I cannot tell you how to complete the task – 

just do your best.” 

  In selecting courses to register for, participants need to consider times they have available 

(based on their work schedule), courses they have already taken (based on their transcripts), and 

courses they need to take, as well as prerequisites for courses (based on major and General 

Studies requirement checklists).  

 After clicking through the screen with the task’s instructions, the next screen instructs 

participants to “Please select your first course for Fall – Junior year.” They then select a course 

from a dropdown list of 60 possible choices, each of which contains the course number, section, 

and time (e.g., PSYC 101 – MWF 9:00-9:50 AM). Five of the choices are considered correct 

responses, in that they meet the criteria described above. The rest are distractors that may be 

incorrect for one or more reasons (i.e., prerequisites not fulfilled, course offered at a time that 

conflicts with work schedule, course already taken). After selecting a correct choice, participants 

are then be prompted to select their second course, using the same list of possible responses, 
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minus the correct choice just selected. If an incorrect response is selected, they are prompted 

with an additional statement: “This course is not appropriate. Please select another option for 

your first course.” To increase difficulty and assess the participants’ ability to problem solve 

after receiving feedback, the specific reason why the course is an incorrect option is not given. If 

a participant makes 8 mistakes, they are then be taken to the next question and instructed to 

select their next course. The test will proceed in this manner until the participant has correctly 

selected their fifth course or committed the maximum number of errors for the fifth course.  

 Several scores are recorded from this measure. The first, Total Time, is the total time 

taken to complete the task. The Total Time score is a complex DV, as it was unclear exactly 

what it might be measuring. It might be expected that an individual with excellent EF ability 

could quickly determine what required courses fit into the schedule, resulting in a quick total 

time score. On the other hand, one might take a significant amount of time to plan/organize all of 

the information before selecting courses, resulting in a longer total time but also suggesting good 

EF ability. Alternatively, the Total Time score may be misleading without also considering the 

number of errors committed, as two participants with significant discrepancies in errors 

committed could have very similar Total Time scores. Therefore, the Total Time score may be 

less informative than other dependent measures. However, it was still analyzed in order to 

determine if it had significant predictive validity or relationships with the other variables.   

The second CREFT score recorded is Total Errors, representing the sum of errors made 

on the task. A high Total Error score may be particularly indicative of lack of ability to monitor 

performance on a task and then appropriately modify one’s strategy or approach. The Total Error 

score also features working memory components, as participants must keep in mind the multiple 

factors that would determine whether a specific course is an appropriate selection.  
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The third CREFT score, Execution Time, is defined by the amount of time between 

participants’ first and final responses on the task. Theoretically, this dependent variable should 

serve as a measure of planning ability, as the most efficient way to approach this task is likely to 

use the information provided to plan out the entire semester, as opposed to one course at a time. 

If one were to approach the task in this manner, then once the first course is selected, the 

participant should be able to select the other courses fairly quickly, resulting in a short execution 

time. On the other hand, participants who take a different approach to the task by choosing one 

course, then determining the next course that they need to sign up for, and so on, will be 

expected to have a longer Execution Time. Like the Total Time score, however, this dependent 

variable is complex and could be misleading if one were to quickly respond to all of the items, 

despite making many errors, resulting in a short Execution Time. 

In addition to the quantitative outcome measures above, qualitative information regarding 

participants’ approach to completing the task was recorded. After selecting their fifth course, 

participants were given a series of eight items that ask “What is the (first, second, etc.) approach 

you took in determining what courses to register?” They were then provided with several 

possible answers, such as “Completed the Major requirement checklist based on your transcript 

to determine what major classes you needed to take,” “Completed the General Studies 

requirements based on your transcript,” Looked at your work schedule to determine which times 

you had available to sign up for courses,” “Selected courses randomly without considering 

information provided,” etc. There was also an “other” option in which they could type in any 

approaches not shown.  

Wisconsin card sorting test. The WCST (Berg, 1948; Grant & Berg, 1948) is the most 

commonly used measure of EF according to a survey of neuropsychologists (Rabin et al., 2005). 
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It is sensitive to frontal lobe impairment (e.g., Alvarez & Emory, 2006). The purpose of the task 

“is to assess the ability to form abstract concepts, to shift and maintain set, and to utilize 

feedback.” (Strauss, Sherman, & Spreen, 2006, p. 526). A computerized version of the short 

form (WCST-64) of the original WCST was administered via Millisecond’s Inquisit Web 

software (www.millisecond.com), which features a library of psychological tests that can be 

administered online. The WCST, as described earlier, requires examinees to sort a deck of cards 

with designs that vary in shape, color, and number under the correct card within a row of four 

stimulus/key cards, which also vary in shape, color, and number. The first key card consists of a 

red triangle, the second consists of two green stars, the third consists of three yellow crosses, and 

the fourth consists of four blue circles. After the examinee sorts each card, he/she is then given 

feedback as to whether his response was correct or incorrect. Thus, the examinee must determine 

what rule to use to sort the cards (i.e., shape, color, or number). After a certain number of correct 

sorts are made, the rule changes (without the examinee knowing), at which point the examinee 

must disengage from the previous, now-irrelevant sorting rule and discover/maintain the new 

sorting rule. In the original version, the test ends after the examinee has completed either all 6 

categories or 128 trials. Normative data is provided for individuals aged 5 years, 5 months to 89 

years (Heaton et al., 1993). The test yields several scores, including number of categories 

completed, trials to complete first category, perseverative responses, perseverative errors, percent 

perseverative errors, failure to maintain set, percent conceptual level responses, and learning to 

learn. Of these scores, categories completed and perseverative errors may be considered the most 

diagnostically useful (Lezak et al., 2012). Because of this, as well as the redundancy of some of 

the scores (Strauss et al., 2006), categories completed and perseverative errors were the only 

scores analyzed in this study. In order to reduce the total time of the test battery, the short form 
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of the measure was used. This version consists of 64 trials, as opposed to 128. The short form of 

the WCST tends to yield results that are similar to the long form (Lezak et al., 2012), with the 

short form exhibiting correlations above 0.7 to corresponding scores on the long form (Strauss et 

al., 2006). 

Tower of London. The ToL (Shallice, 1982) is one of the most widely-used measures of 

EF (Rabin et al., 2005). It is being included in the current study not only because of its 

popularity, but also because it is generally considered primarily a planning task, as participants 

must plan ahead to determine what moves they need to make in order to solve the problems 

using the fewest possible moves. The CREFT is expected to require significant planning ability 

as well; therefore, the ToL is an appropriate task to use to assess its construct validity.  

Successful performance also requires working memory, response inhibition, and visuospatial 

memory (Lezak et al., 2012).  

A computerized version of Shallice’s original ToL was administered via Millisecond 

software. On this test, participants are presented with three vertical pegs of descending heights, 

with three colored beads arranged in a fixed, initial position on two of the three pegs. On each 

trial, participants must rearrange these beads from their initial position to a new, predetermined 

position on one or more pegs. Participants are provided with a list of rules at the beginning of the 

task: only one bead may be moved at a time, each bead may be moved only from peg to peg, and 

only a specified number of beads may be left on each peg at a time (i.e., the first peg can hold 

three beads, the second peg can hold two beads, and the third peg can hold just one). Trials are 

only scored as correct if completed in the minimum number of moves necessary, and three 

attempts are allowed for each problem. The task consists of 12 trials of increasing difficulty. 
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 The first score to be analyzed from this measure is “Total Score”. The maximum 

possible total score is 36, as participants receive three points for an item if they solve it within 

the first attempt, two if they solve it on the second attempt, and one point if they solve it on the 

third attempt. The second score analyzed was “Execution Time,” Execution Time is defined as 

the total amount of time taken for each item to be solved, minus the amount of time lapsed 

before the first move was made on each item.  

UPPS-P impulsive behavior scale. Impulsivity is an important aspect of EF that plays a 

role in alcohol use and alcohol-related problems in college students (Cyders et al., 2009). A 

computerized version of the UPPS-P. (Lynam, et a., 2006; Appendix E) a self-report measure of 

impulsivity based on the original UPPS Impulsive Behavior Scale published by Whiteside and 

Lynam (2001), was administered via Millisecond software. The UPPS was developed in 

response to the heterogeneous conceptualizations of the construct of impulsivity in the 

psychological literature.  Whiteside and Lynam (2001) conducted a factor analysis of several 

measures of impulsivity as well as facets of the NEO-PI-R (a personality measure based on the 

Five Factor Model of Personality) that relate to impulsivity in order to clarify the multi-faceted 

nature of impulsivity. Factor analyses identified four distinct personality facets associated with 

impulsivity, including (lack of) Premeditation (tendency to delay action in favor of careful 

thinking and planning), Urgency (tendency to commit rash or regrettable actions as a result of 

intense negative affect), Sensation Seeking (tendency to seek excitement and adventure), and 

(lack of) Perseverance (ability to remain with a task until completion and avoid boredom). After 

identifying these four factors, Whiteside and Lynam then created the UPPS by selecting items to 

measure each of the factors, resulting in a 45-item scale of impulsivity. The revised version, the 

UPPS-P, is a 59-item scale that assesses the four original factors as well as a fifth factor – 
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Positive Urgency, which measures rash actions related to intense positive moods (Cyders et al., 

2007).  

Studies have provided evidence for the construct validity of the UPPS, as the measure 

demonstrates relationships with several forms of psychopathology thought to be associated with 

poor impulsive control (Whiteside, Lynam, Miller, & Reynolds, 2005). Magid and Colder (2007) 

found that college students elevated on the traits of premeditation and sensation seeking engaged 

in high levels of alcohol consumption, while urgency and perseverance were related to alcohol-

related problems, regardless of amount of alcohol use. Because the UPPS-P conceptualizes 

impulsivity as personality facets rather than psychopathology, it may be better equipped to pick 

up on normal variations in impulsivity that may be found in high-functioning college 

populations, as opposed to other measures of executive functioning that are designed specifically 

for clinical use. 

 Brief rating inventory of executive function – Adult. The BRIEF-A (Roth et al., 2005) 

is a standardized self-report measure designed to measure adults’ executive functioning abilities 

in their everyday environment. It consists of 75 items that comprise nine theoretically and 

empirically-derived scales measuring different aspects of executive functioning, including 

Inhibit, Shift, Emotional Control, Self-Monitor, Initiate, Working Memory, Plan/Organize, Task 

Monitor, and Organization of Materials. Two indexes (the Behavioral Regulation Index; BRI and 

Metacognition Index) as well as an overall summary score – the Global Executive Composite 

(GEC) are also derived from the clinical scales. The BRIEF-A features validity scales designed 

to measure inconsistent responding, unusually infrequent responding, and unusually negative 

responding. The test has high internal consistency as well as test-retest reliability (Roth et al., 

2005). The professional manual (Roth et al., 2005) provides thorough information regarding the 
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validity of the test, including its convergent validity with related measures. For example, 

significant correlations were found between BRIEF-A and FrSBe scores.  

Alcohol/Drug Use and Alcohol-Related Problems 

 Daily drinking questionnaire. A modified, computerized version of the DDQ (Collins et 

al., 1985) was administered to assess frequency and amount of alcohol consumption during a 

typical week (Appendix F). Participants used a sliding scale to indicate how many standard 

drinks they consumed for each day of a typical week over the last 30 days as well as how many 

hours they spent drinking each day of a typical week. Participants were provided with a diagram 

indicating how much beer, wine, and liquor constitutes a standard drink. 

 Binge drinking. Participants were presented with a single question via Qualtrics 

assessing frequency of binge drinking. The question asked, “In the past two weeks, how many 

times have you consumed five or more standard drinks (males) or four or more standard drinks 

(females) over a two-hour period?” Response options included “0,” “1,” “2,” “3,” “4,” and “5 or 

more.” 

 Nicotine/marijuana use. Participants answered two questions via Qualtrics assessing 

frequency of nicotine and marijuana use, respectively. For each question, response options 

included “daily,” “weekly,” “monthly,” “less than monthly,” and “never.” 

 Alcohol use disorders identification test. The AUDIT (Saunders et al., 1993; Appendix 

G) was developed as part of a World Health Organization project as a screening instrument for 

hazardous and harmful alcohol consumption, drinking behavior, and alcohol-related problems. 

The AUDIT consists of 10 questions assessing frequency/amount of use, dependence, and 

alcohol-related problems. Possible scores range from 0 to 40, with a score of 8 or more 

indicating a strong likelihood of hazardous or harmful alcohol consumption. This cut-off score 
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was chosen due to findings that among a large sample of individuals attending primary health 

care facilities, 92% of those diagnosed as having hazardous or harmful alcohol use had an 

AUDIT score of 8 or more, while 94% of those with non-hazardous use achieved scores of less 

than 8 (Saunders et al., 1993). A review of studies using the AUDIT found that the measure 

demonstrates high sensitivity and specificity (often higher than other self-report screening 

measures) to harmful drinking, in addition to adequate internal consistency and test-retest 

reliability (Reinert & Allen, 2002). Research has established its validity for use with college 

student populations (Kokotailo et al., 2004).  

 Rutgers alcohol problem index. For the current study, the 18-item version of the RAPI, 

a self-administered screening tool for assessing adolescent problem drinking, was administered 

(White & Labouvie, 2000; Appendix H). The original version of the measure (White & 

Labouvie, 1989) consisted of 23-items designed to assess problems drinking by asking about 

problems related to alcohol use, as opposed to frequency/amount of use. On the original scale, 

some of the items could be affected by gender bias and were therefore removed to create the 

shorter version. The scale possesses high reliability (.92). The 18-item version correlates highly 

with the 23-item version (r = .99; White & Labouvie, 2000). 

Statistical Analyses 

In order to investigate the construct and ecological validity of the CREFT and compare it 

to other performance-based tasks (see hypotheses 1-3 above), Pearson product-moment 

correlation coefficients were computed comparing CREFT outcome measures with other EF 

measures (i.e., ToL, WCST, BRIEF, and UPPS-P). Regression analyses were used to determine 

the extent to which the various measures of EF used in this study predicted scores on measures 

of alcohol consumption, binge drinking, and alcohol-related problems. In order to investigate the 
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EF measures’ abilities to predict excessive drinking and alcohol-associated problems, four 

hierarchical multiple regressions analyses were conducted, using the DDQ, binge drinking, 

AUDIT, and RAPI as dependent variables, respectively. For each regression, demographic 

information (i.e., gender and age) were entered as the first step. Ethnicity was not analyzed as a 

predictor variable, due to the homogenous nature of the study sample. Scores on performance-

based EF tasks (WCST-64 and ToL) were entered as the second step. The third step  consisted of 

the self-report EF measures, including the BRIEF-A and UPPS-P scales specified in hypotheses 

2-4. Finally, the CREFT was entered as step 4 in order to determine if it adds any predictive 

validity beyond that of the other measures.  
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CHAPTER III 

RESULTS 

Descriptive Statistics 

Executive Functioning 

 One hundred and eighty-seven participants completed the CREFT. Three dependent 

variables were analyzed from the CREFT, including total time to complete the task (Total Time), 

Execution time (i.e., time to first item response subtracted from total time), and Total Errors. 

Means and standard deviations of each variable are presented in Table 2. The Total Time score, 

as measured in seconds, had a mean of 1069, with a standard deviation of 436. The mean 

Execution Time score was 754 seconds, with a standard deviation of 320 seconds. The Total 

Errors score had a mean of 14.8, with a standard deviation of 8.3. Thus, there was large 

variability in all of these measures. There were no significant gender differences with regard to 

performance on this task. Fifty-one percent of participants reported that the first step they took 

on the task was completing the Major Requirements checklist. As the following steps in 

determining which courses to select, participants were then most likely to look at their 

hypothetical work schedule to determine available times, look at the dropdown list of courses 

and examine each to determine if appropriate, complete the General Studies checklist, and check 

to see if course times interfered with courses already registered for, respectively.  

 Means and standard deviations for performance-based EF measure scores, including the 

WCST and ToL, are presented in Table 2. For the WCST, data were available for 181 

participants (six participants did not complete the task due to computer/technical errors). The 

mean number of Categories Completed was 2.8 (range 0-5), with a standard deviation of 1.15. 

The mean number of Perseverative Errors was 5.3, with a standard deviation of 2.6. Based on an 
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independent samples t-test, females made significantly more perseverative errors than males; t 

(179) = -2.35; p = .02. Overall, participants made fewer perseverative errors relative to a study 

aiming to create demographically-corrected norms for the WCST-64, which found that 

Caucasian adults made a Mean of 7.6 perseverative errors, while African-American adults made 

a mean of 11.0 perseverative errors (Norman et al., 2012).  

ToL data were analyzed for 181 participants, with a mean Total Score of 28.7 (SD = 

6.61). Overall, these scores are slightly lower than those obtained by Krikorian, Barok, and Gay 

(1994), who obtained a Total Score of 33.2 (SD = 2.1), in a normative sample of undergraduate 

students using a non-computerized version of the task. There was a significant gender difference 

for ToL Total Score, with males scoring higher than females; t (179) = 2.86, p = .005. The mean 

Execution Time score was 94.5 seconds (SD = 31.7).  

 As noted above, 12 participants were excluded from further analysis due to exceeding the 

cut-off scores on embedded validity indices on the BRIEF-A. Means and standard deviations for 

BRIEF-A subscales and composite scores are included in Table 2 below. There was a significant 

gender difference on the BRIEF-A Emotional Control subscale, with females reporting higher 

scores; t (184) = -5.44, p = .002. There were no other significant gender differences in BRIEF-A 

scores. Internal consistency data, as determined by Cronbach’s alpha statistics, are provided for 

each BRIEF-A scale in Table 2.  

 With regard to the UPPS-P, scores were available for 181 participants. For this sample, 

the mean Positive Urgency subscale score was 26.69 (SD = 8.7), and the Sensation Seeking 

subscale mean was 33.38 (SD = 7.06). Men endorsed higher levels of Sensation Seeking 

behavior than women; t (179) = 2.86, p = .005. See Table 2 for UPPS-P internal consistency data 

as determined by Cronbach’s alpha statistics. 
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Table 2 
 

 

Means and Standard Deviations for Executive Functioning Measures 

 

 

Measure Mean Standard Deviation Cronbach’s Alpha 

CREFT   
 

     Total Time (in seconds) 1069 436 
 

     Execution Time (in 

seconds) 
754 320 

 

     Total Errors 14.8 8.3  

WCST    

     Categories Completed 2.81 1.15  

     Perseverative Errors 5.33 2.6  

ToL     

     Total Score 28.7 6.61  

     Execution Time 94.5 31.7  

BRIEF-A (T-Scores)    

     Inhibit 56.8 10.3 .67 

     Shift 56.3 10 .60 

     Emotional Control 54.2 11.4 .85 

     Self-Monitor 52.6 10.3 .69 

     Initiate 55.8 10.2 .71 

     Plan/Organize 54.2 9.2 .78 

     Working Memory 58.2 11.2 .78 

     Task Monitor 54.7 10.3 .64 

     Organization of Materials 50 9.4 .80 

     Metacognition Index 55.1 10.2 .91 

     Behavior Regulation 

Index 
56.1 10.2 .90 
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     Global Executive     

Composite 
56.1 9.8 .95 

UPPS-P    

     Positive Urgency  26.69 8.7 .90 

     Sensation Seeking 33.38 7.06 .82 
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Alcohol/Drug Use and Alcohol-Related Problems 

Means and standard deviations for alcohol and drug-related measures are provided in 

Table 3. As part of the demographic questionnaire, a single question was used to assess nicotine 

use, marijuana use, and binge drinking frequency. Of the 187 participants included in analysis, 

138 (73.8%) did not report or endorse use of nicotine. Twenty-two participants (11.8%) reported 

using nicotine less than monthly, 10 (5.3%) reported monthly use, 7 (3.7%) reported weekly use, 

and 8 (4.3%) reported daily use. Ninety-nine participants (52.9%) endorsed never using 

marijuana, 42 (22.5%) endorsed less than monthly use, 11 participants (5.9%) reported monthly 

use, 19 (10.2%) reported weekly use, and 13 (7%) use daily. With regard to binge drinking, 81 

participants (43.3%) did not endorse binge drinking in the past two weeks, as defined by having 

consumed five or more drinks for males or four or more drinks for females over a two-hour 

period. Thirty-five (18%) participants engaged in binge drinking once in the two week period 

prior to the study, 21 (11.2%) reported two occasions of binge drinking, 20 (10.7%) reported 

three occasions, 13 (7%) reported four occasions, and 15 (8%) reported five or more occasions of 

binge drinking. Men endorsed significantly more binge drinking episodes than females; t (182) = 

2.02, p = .04. 

 On the DDQ, participants reported a mean of 7.37 drinks per week (n = 184; SD = 9.22; 

range = 0-59) and a mean of 6.69 hours spent drinking on a typical week (SD = 9.28). Men 

reported a significantly higher amount of total drinks over the last month compared to females; t 

(183) = 4.61, p < .001. For the AUDIT (n = 185), the mean score was 6.07 (SD = 5.65), with 

males (M = 7.83) reporting significantly more symptoms than females (M = 5.16); t (183) = 

3.11, p = .002.  The scale had a high level of internal consistency, as determined by a Cronbach’s 

alpha of .83. Thirty-six percent of respondents met or exceeded the AUDIT’s suggested cut-off 
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score of eight for classification of harmful drinking. A Chi-Square Test of Independence 

revealed that males were significantly more likely than females to meet this cut-off score (p = 

.04). In fact, more than half of the males in the study (52%) reported harmful drinking levels, 

compared to 28 percent of females.  Finally, the RAPI was administered as a measure of 

problematic drinking. The scale had a high level of internal consistency (Cronbach’s alpha = 

.87). Respondents on the RAPI (n = 185) had a mean score of 6.81 (SD = 8.16) (higher numbers 

represent higher levels of problematic drinking). An independent samples T-test comparing male 

and female RAPI total scores was not significant; t (183) = 1.53, p = .129). 
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Table 3 

Means and Standard Deviations for Alcohol and Drug-Related Measures 

Measure Mean Standard Deviation 

DDQ   

     Drinks Per Week 7.37 9.22 

    Hours Drinking Per Week 6.69 9.28 

AUDIT Total Score 6.07 5.65 

RAPI Total Score 6.81 8.16 
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Hypothesis 1: Correlations Between Executive Functioning Measures 

 It was hypothesized that CREFT scores (i.e., total errors, execution time, and total time) 

were expected to yield the highest correlations with the following measures: BRIEF-A 

Plan/Organize, Inhibit, Task Monitor and Global Executive Composite (GEC), scales, UPPS-P 

Positive Urgency and Sensation Seeking subscales, and Tower of London Execution Time and 

Total Score. To test this, Pearson’s product-moment correlations were run to assess the 

relationship between CREFT outcome measures (i.e., total errors, total time, and execution time) 

and performance on EF measures including the Tower of London, WCST, BRIEF-A, and UPPS-

P. For presentation purposes, although all scales and subscales of measures were included in the 

correlation analysis, Table 4 below includes only correlation data for variables specified above. 

Preliminary analyses showed the relationships between these variables to be linear. Not all 

variables were normally distributed, as assessed by Shapiro-Wilk’s test (p > .05). There was a 

significant, moderate negative correlation between CREFT Total Errors and ToL Total Score, r = 

-.31 (p < .001). Lower ToL Total Scores indicate poorer performance on the task. There was a 

small negative correlation between CREFT Execution Time (lower time suggests better EF 

performance) and UPPS Positive Urgency subscale (r = -.15; p = .047). There was also a small 

positive correlation between CREFT Execution Time and BRIEF Organization of Materials (r = 

.15; p = .043). There were no other significant correlations between CREFT outcomes and EF 

measures. Thus, the hypothesis was partially supported, as the CREFT was significantly 

correlated with UPPS-P Positive Urgency and ToL Total Score, but not with other variables 

specified in the hypothesis.  
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Table 4 

 

Pearson’s Correlations for CREFT Scores and EF Variables Specified in Hypothesis 1               

 

Measure 1 2 3 4 5 6 7 8 9 10 11 

1. CREFT Total Errors − -.23** -.29** -.002 -.02 -.08 -.05 .09 .07 -.31** .09 

2. CREFT Total Time  − .42** -.06 -.07 -.05 -.06 -.02 -.03 .01 -.09 

3. CREFT Execution Time   − -.001 -.05 -.05 .00 -.15* -.07 .07 -.07 

4. BRIEF-A Plan/Organize    − .55** .63** .80** .43** -.07 -.10 .06 

5. BRIEF-A Inhibit     − .55** .73** .41** .08 .11 -.05 

6. BRIEF-A Task Monitor      − .79** .40** -.01 .03 .01 

7. BRIEF-A GEC       − .46** -.09 .08 .06 

8. UPPS-P Positive Urgency        − .18* .05 -.02 

9. UPPS-P Sensation Seeking         − .08 -.003 

10. ToL Total Score          − .22** 

11. ToL Execution Time           − 

Note. * p ≤ .05, **p ≤ .01
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Hypothesis 2: Prediction of DDQ Drinks Per Week by EF Measures 

 CREFT execution time and total error scores, BRIEF-A GEC and Inhibition, and UPPS-P 

Positive Urgency and Sensation Seeking subscales were hypothesized to be predictive of typical 

drinking rates, as measured by the DDQ. This hypothesis was partially supported. A hierarchical 

multiple regression was run to determine if the addition of traditional performance-based 

executive function measures (i.e., WCST and ToL), then self-report measures of impulsivity and 

executive function (i.e., UPPS-P Positive Urgency and Sensation Seeking; BRIEF-A Inhibition 

and GEC), and then finally CREFT, improved the prediction of DDQ typical drinks per week 

over and above demographic information (i.e., gender and age) alone. After two outliers were 

removed from the analysis, this regression included data from 170 participants, with a mean 

number of drinks per week of 7.02 (SD = 8.17). See Table 5 for full details on each regression 

model. There were linear relationships between DDQ Drinks Per Week and the independent 

variables collectively, as well as at least approximate linearity between DDQ Drinks Per Week 

and each individual predictor, as assessed by scatterplots.  

The initial model, consisting of age and gender was statistically significant, R squared = 

.09, F(2, 167)  = 7.87, p <.001., with gender (p < .001) being the lone significant predictor of 

DDQ Drinks Per Week. The full model (model 4) including all of the above variables was 

statistically significant, R squared = .19, F(13, 156) = 2.81, p = .001; adjusted R squared = .11. 

The addition of performance-based EF task scores to the prediction of DDQ Drinks Per Week 

(Model 2) did not lead to a significant increase in R squared (p = .614) beyond age and gender 

alone. The addition of self-report EF scores (Model 3) lead to a statistically significant increase 

in R squared of .07, F(4, 159) = 3.27, p = .014. Significant predictors in Model 3 included gender 

(p = .002) and UPPS-P Sensation Seeking (p = .046). The addition of CREFT scores (Model 4) 
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to the prediction of Drinks Per Week did not result in a statistically significant increase in R 

squared, p = .265.  Thus, the hypothesis was partially supported, as the overall model was 

predictive of DDQ drinks per week, and self-report measures increased the predictive value of 

the model over demographics and performance-based tasks alone. However, as noted above, 

CREFT scores did not increase the model’s predictive value. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



59 

 

Table 5 

 

Hierarchical Multiple Regression Analyses Predicting DDQ Drinks Per Week From 

Demographic Variables, Performance-Based EF Measures, Self-Report EF Measures, and 

CREFT 

 

DDQ Drinks Per Week 

 Model 1 Model 2 Model 3 Model 4 

Variable B β B β B β B β 

Age .14 0.02 .13 .02 .05 .01 .29 .04 

Gender -5.01 -.29 -5.18 -.30 -4.32 -.25 -4.37 -.25 

ToL TS   .04 .04 .03 .03 .01 .01 

ToL  ET   .00 .002 .002 .01 .01 .02 

WCST Cat   -.20 -.03 -.50 -.07 -.35    -.05 

 WCST PE   .39 .13 .43 .14 .37 .12 

Inhibit     .06 .08 .06 .07 

GEC      -.003 -.004 -.01 -.01 

UPPS-P PU       .14 .15 .15 .15 

UPPS-P SS     .18 .16 .17 .15 

CREFT Errors       -.13 -.13 

CREFT TT        -.004 -.24 

CREFT ET       .004 .17 

         

R2 .09  .10  .17  .19  

F 7.87**  3.05**  3.23**  2.81**  

∆R2 .09  .02  .07  .02  

∆F 7.87**  .67  3.24*  1.34  

Note. N = 169. * p < .05, ** p < .01.  ToL TS = ToL Total Score; ToL ET = ToL Execution 

Time; WCST = WCST Categories Completed; WCST PE = WCST Perseverative Errors; Inhibit 

= BRIEF-A Inhibit; GEC = BRIEF-A GEC; UPPS-P PU = UPPS-P Positive Urgency; UPPS-P 

SS = UPPS-P Sensation Seeking; CREFT Errors = CREFT Total Errors; CREFT TT = CREFT 

Total Time; CREFT ET = CREFT Execution Time.  
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Hypothesis 3: Prediction of Binge Drinking by EF Measures 

CREFT execution time and total error scores, BRIEF-A GEC and Inhibition, and UPPS-P 

Positive Urgency and Sensation Seeking subscales were expected to be predictive of binge 

drinking frequency. A second hierarchical regression was run, which included the same predictor 

variables but used self-reported binge drinking as an outcome variable to determine if traditional 

performance-based executive function measures (i.e., WCST and ToL), then self-report measures 

of impulsivity and executive function (i.e., UPPS-P and BRIEF-A), and then finally CREFT, 

improved the prediction of binge drinking over and above demographic information (i.e., gender 

and age) alone. There was linearity as assessed by partial regression plots and a plot of 

studentized residuals against the predicted values. There was homoscedasticity, as assessed by 

visual inspection of a plot of studentized residuals versus unstandardized predicted values. There 

was no evidence of multicollinearity, as assessed by tolerance values greater than 0.1. There was 

one participant with a leverage value greater than 0.2, and this case was excluded from analysis. 

The distribution was somewhat non-normal, as assessed by Q-Q Plot; however, regression 

analyses are fairly robust to non-normality.  For the 171 participants included in this regression, 

the mean number of binge drinking occurrences over the past two weeks was 1.46 (SD = 1.7). 

See Table 6 for full details on each regression model.    

Models 1 and 2 were not statistically significant.  Model 3 was statistically significant (R 

squared = .14, F(10, 160) = 2.19, p = .021. The only significant predictor in Model 3 was UPPS-

P Sensation Seeking (p = .03). The full model (model 4) including all of the above variables was 

statistically significant, R squared = .12, F(13, 157) = 2.45, p = .005; adjusted R squared = .10. 

For Model 4, CREFT Total Time was a significant predictor of binge drinking (p = .013), as was 

CREFT Total Errors (p = .039).  
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The addition of performance-based EF task scores to the prediction of binge drinking 

(Model 2) did not lead to a significant increase in R squared (p = .88) above demographics alone. 

The addition of self-report EF scores (Model 3) led to a statistically significant increase in R 

squared of .09, F(4, 164) = 4.19, p = .003.  The addition of CREFT scores (Model 4) to the 

prediction of binge drinking led to a statistically significant increase in R squared of .05, F(3, 

157) = 3.04, p = .031. Overall, Hypothesis Three was partially supported, particularly with 

regard to UPPS-P and CREFT scores being significant predictors of binge drinking.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



62 

 

Table 6 

 

Hierarchical Multiple Regression Analyses Predicting Binge Drinking From Demographic 

Variables, Performance-Based EF Measures, Self-Report EF Measures, and CREFT 

 

Binge Drinking 

 Model 1 Model 2 Model 3 Model 4 

Variable B β B β B β B β 

Age .02 .01 .01 .01 .02 .01 .10 .06 

Gender -.51 -.14 -.58 -.16 -.39 -.11 -.40 -.11 

ToL TS   -.01 -.04 -.02 -.07 -.02 -.09 

ToL  ET   -.003 -.05 -.002 -.04 -.002 -.04 

WCST Cat   -.01 -.003 -.08 -.05 -.01 -.004 

 WCST PE   .03 .05 .04 .07 .02 .03 

Inhibit     .03 .17 .02 .15 

GEC      .01 .05 .01 .06 

UPPS-P PU       .01 .07 .01 .05 

UPPS-P SS     .04 .18 .04 .15 

CREFT Errors       -.04 -.18 

CREFT TT        -.001 -.36 

CREFT ET       .001 .17 

         

R2 .02  .03  .12  .17  

F 1.79  .80  2.19*  2.45**  

∆R2 .02  .01  .09  .05  

∆F 1.79  .31  4.19**  3.04*  

Note. * p < .05, ** p < .01.  ToL TS = ToL Total Score; ToL ET = ToL Execution Time; WCST 

= WCST Categories Completed; WCST PE = WCST Perseverative Errors; Inhibit = BRIEF-A 

Inhibit; GEC = BRIEF-A GEC; UPPS-P PU = UPPS-P Positive Urgency; UPPS-P SS = UPPS-P 

Sensation Seeking; CREFT Errors = CREFT Total Errors; CREFT TT = CREFT Total Time; 

CREFT ET = CREFT Execution Time.  
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Hypothesis 4: Prediction of AUDIT Total Score by EF Measures 

CREFT execution time and total error scores, BRIEF-A GEC and Inhibition, and UPPS-P 

Positive Urgency and Sensation Seeking subscales were expected to be predictive of excessive 

drinking, as measured by the AUDIT total score. To establish whether the addition of 

performance-based EF measures, then self-report EF measures, and finally the CREFT improved 

prediction of problematic drinking over demographics alone, a third hierarchical multiple 

regression was conducted using the AUDIT Total Score as the dependent variable. One hundred 

and seventy-two participants were included in this regression. There was linearity as assessed by 

partial regression plots and a plot of studentized residuals against the predicted values. There was 

heteroscedasticity, as assessed by visual inspection of a plot of studentized residuals versus 

unstandardized predicted values. There was no evidence of multicollinearity, as assessed by 

tolerance values greater than 0.1. There were no studentized deleted residuals greater than three 

standard deviations, no leverage values greater than 0.2, nor values for Cook's distance above 1. 

The assumption of normality was met, as assessed by Q-Q Plot. For participants included in this 

analysis (n = 172), the mean AUDIT Total Score was 6.04 (SD = 5.62). Thirty-five percent of 

respondents met the recommended cut-off score for harmful drinking.  See Table 7 for full 

details on each regression model.  

The initial model was statistically significant, R squared = .04 F(2, 169) = 3.73, p = .026. 

In the initial model, gender (p = .008) was a significant predictor. The full model (Model 4) 

including all of the above variables was statistically significant, R squared = .25 F(13, 158) = 

4.04, p < .001; adjusted R squared = .19.  

The addition of performance-based EF task scores to the prediction of AUDIT Total 

Score (Model 2) did not lead to a significant increase in R squared (p = .568) beyond 



64 

 

demographics alone. The addition of self-report EF scores (Model 3) led to a statistically 

significant increase in R squared of .18, F(4, 161) = 9.7, p < .001, with BRIEF Inhibit (p = .016), 

UPPS-P Sensation Seeking (p = .005), and UPPS-P Positive Urgency (p = .01), in addition to 

gender, predicting AUDIT Total Score. The addition of CREFT Total Time, Execution Time, 

and Total Errors scores (Model 4) to the prediction of AUDIT Total Score was not significant, p 

= .645. Thus, the hypothesis was partially supported in that self-report EF measures were 

predictive of AUDIT Total Scores beyond performance-based tasks, while CREFT scores were 

not. 
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Table 7 

 

Hierarchical Multiple Regression Analyses Predicting AUDIT Total Score From 

Demographic Variables, Performance-Based EF Measures, Self-Report EF Measures, and 

CREFT 

 

AUDIT Total Score 

 Model 1 Model 2 Model 3 Model 4 

Variable B β B β B β B β 

Age .00 .00 .003 .001 -.02 -.004 .09 .02 

Gender -2.44 -.21 -2.55 -.22 -1.52 -.13 -1.52 -.13 

ToL TS   .03 .03 .01 .01 .002 .003 

ToL  ET   .01 .04 .01 .06 .01 .06 

WCST Cat   -.06 -.01 -.40 -.08 -.30 -.06 

 WCST PE   .26 .12 .30 .14 .27 .13 

Inhibit     .14 .25 .13 .25 

GEC      -.04 -.07 -.04 -.06 

UPPS-P PU       .14 .21 .14 .21 

UPPS-P SS     .17 .21 .16 .20 

CREFT Errors       -.05 -.08 

CREFT TT        -.002 -.14 

CREFT ET       .001 .06 

         

R2 .04  .06  .24  .25  

F 3.73*  1.73  5.12**  4.04**  

∆R2 .04  .02  .18  .09  

∆F 3.73*  .74  9.67**  .56  

Note. N = 172. * p < .05, ** p < .01.  ToL TS = ToL Total Score; ToL ET = ToL Execution 

Time; WCST = WCST Categories Completed; WCST PE = WCST Perseverative Errors; Inhibit 

= BRIEF-A Inhibit; GEC = BRIEF-A GEC; UPPS-P PU = UPPS-P Positive Urgency; UPPS-P 

SS = UPPS-P Sensation Seeking; CREFT Errors = CREFT Total Errors; CREFT TT = CREFT 

Total Time; CREFT ET = CREFT Execution Time.  
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Hypothesis 5: Prediction of RAPI Total Score by EF Measures 

CREFT execution time and total error scores, BRIEF-A GEC and Inhibition, and UPPS-P 

Positive Urgency and Sensation Seeking subscales were expected to be predictive of alcohol-

associated problems, as measured by the RAPI total score. A hierarchical multiple regression 

was run to determine if the addition of traditional performance-based executive function 

measures (i.e., WCST and ToL), then self-report measures of impulsivity and executive function 

(i.e., UPPS-P and BRIEF-A), and then finally CREFT, improved the prediction of problematic 

drinking, as assessed by RAPI Total Score, over and above demographic information alone. 

There was linearity as assessed by partial regression plots and a plot of studentized residuals 

against the predicted values. There was homoscedasticity, as assessed by visual inspection of a 

plot of studentized residuals versus unstandardized predicted values. There was no evidence of 

multicollinearity, as assessed by tolerance values greater than 0.1. There were no studentized 

deleted residuals greater than three standard deviations, no leverage values greater than 0.2, and 

values for Cook's distance above one. The assumption of normality was met, as assessed by Q-Q 

Plot. The mean for RAPI Total Score after three outliers were removed (n = 169) = 6.84 (SD = 

8.22). See Table 8 for full details on each regression model.  

Neither Model 1 nor Model 2 significantly predicted RAPI Total Score. Model 3, 

including demographics, performance-based EF measures, and self-report EF measures, was 

statistically significant, R squared = .21 F(10, 158) = 4.17, p < .001; adjusted R squared = .16. In 

Model 3, UPPS-P Positive Urgency (p = .004) and UPPS-P Sensation Seeking (p = .021) were 

significant predictors. The full model (Model 4) including all of the above variables was 

statistically significant, R squared = .21, F(13, 155) = 3.18, p < .001; adjusted R squared = .144. 

The addition of performance-based EF task scores to the prediction of RAPI Total Score (Model 
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2) did not lead to a significant increase in R squared. The addition of self-report EF scores, 

including UPPS-P Positive Urgency and UPPS-P Sensation Seeking (Model 3) led to a 

statistically significant increase in R squared of .19, F(4, 158) = 9.21, p < .001. The addition of 

CREFT scores (Model 4) to the prediction of RAPI was not significant. Thus, this hypothesis 

was also partially supported, as some of the predicted measures, particularly UPPS-P Positive 

Urgency and UPPS-P Sensation Seeking, significantly predicted RAPI Total Score. 
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Table 8 

 

Hierarchical Multiple Regression Analyses Predicting RAPI Total Score From Demographic 

Variables, Performance-Based EF Measures, Self-Report EF Measures, and CREFT 

 

RAPI Total Score 

 Model 1 Model 2 Model 3 Model 4 

Variable B β B β B β B β 

Age -.24 -.03 -.22 -.03 -.28 -.03 -.23 -.03 

Gender -2.24 -.13 -2.28 -.13 -1.05 -.06 -1.02 -.06 

ToL TS   .06 .05 .04 .03 .04 .03 

ToL  ET   -.02 -.06 -.01 -.05 -.02 -.06 

WCST Cat   .11 .02 -.43 -.06 -.37 -.05 

 WCST PE   .20 .06 .26 .08 .24 .08 

Inhibit     .09 .11 .08 .10 

GEC      .08 .10 .09 .10 

UPPS-P PU       .24 .25 .24 .24 

UPPS-P SS     .21 .18 .21 .18 

CREFT Errors       -.03 -.03 

CREFT TT        -.001 -.03 

CREFT ET       -.001 -.03 

         

R2 .02  .02  .21  .21  

F 1.34  .67  4.17**  3.18**  

∆R2 .02  .01  .19  .002  

∆F 1.34  .34  9.21**  .13  

Note. N = 169. * p < .05, ** p < .01.  ToL TS = ToL Total Score; ToL ET = ToL Execution 

Time; WCST = WCST Categories Completed; WCST PE = WCST Perseverative Errors; Inhibit 

= BRIEF-A Inhibit; GEC = BRIEF-A GEC; UPPS-P PU = UPPS-P Positive Urgency; UPPS-P 

SS = UPPS-P Sensation Seeking; CREFT Errors = CREFT Total Errors; CREFT TT = CREFT 

Total Time; CREFT ET = CREFT Execution Time.  
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CHAPTER IV 

DISCUSSION 

Ecological Validity of CREFT 

One purpose of the current study was to develop an ecologically valid performance-based 

task of executive functioning, the CREFT, and determine its ecological validity by comparing it 

to existing EF measures, including a self-report measure previously established to possess high 

ecological validity. To this end, Pearson’s Correlations were computed after administering the 

measures to a sample of undergraduate students. It was expected that the CREFT would be more 

ecologically valid than traditional performance-based EF measures, given that it closely mimics 

a real world task that college students engage in. Therefore, it was hypothesized that it would 

show significant correlations with the BRIEF-A. More specifically, because CREFT is thought to 

require aspects of EF including planning, organization, monitoring, and inhibition, hypothesis 

one predicted that CREFT scores would correlate most highly with BRIEF-A Inhibit, 

Plan/Organize, Task Monitor, and Global Executive Composite scales. In addition, based on 

expected theoretical alignment between the measures, CREFT was hypothesized to correlate 

with UPPS-P Positive Urgency, UPPS-P Sensation Seeking, and ToL Execution Time and Total 

Scores. This hypothesis was partially confirmed, as there was only one significant correlation 

between CREFT and the BRIEF-A, and that correlation was a positive relationship between 

CREFT Execution Time and BRIEF Organization of Materials, a relationship that was not 

predicted. There were, however, significant correlations between CREFT Total Errors and ToL 

Total Score, and CREFT Execution Time and UPPS-P Positive Urgency. 

The finding of few relationships between CREFT and BRIEF-A scores is consistent with 

previous research showing little relationship between self-report and performance-based 
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measures of EF. For example, Ready et al. (2013) administered a series of neuropsychological 

tasks and self-report EF measures to college students, finding no significant correlations.  A 

review of six studies investigating ecological validity of EF tests found no significant 

relationships between performance-based measures - both traditional tests such as the WCST and 

those designed with higher verisimilitude, such as the BADS - and self-report. However, there 

were significant relationships between EF measures and everyday abilities as assessed by 

informant and clinician ratings (Chaytor & Schmitter-Edgecome, 2003). Although they 

examined less commonly used tasks, Wood and Liossi (2006) similarly obtained minimal 

correlations between performance-based and self-report EF measures in a sample of severely 

brain injured individuals, providing further evidence of the lack of ecological validity of 

performance-based measures. Hagen et al. (2016) examined the ability of “hot” and “cold” EF 

tasks, as well as the BRIEF-A, to predict membership in control or substance use disorder 

groups. They also discovered a lack of association between the self-report and performance 

measures, concluding that the two types of tasks may be tapping different aspects of EF. 

Specifically, performance-based measures may assess specific aspects of EF, while self-reports 

assess more global, applied EF ability (Isquith, Gioia, & Roth, 2013). On the other hand, some 

studies have higher ecological validity in measures focused on verisimilitude. Verdejo-Garcia 

and Perez-Garcia (2007) found that the BADS (but not the WCST) significantly predicted self-

reported apathy, disinhibition, and executive dysfunction, as measured by the FrSBe.  

As expected, CREFT Total Errors was correlated with the ToL Total Score, indicating 

that as individuals made fewer errors on CREFT, they tended to make more correct answers on 

the ToL. The ToL is largely a task of planning ability, as items are only scored as correct if the 

solution is achieved within the minimal possible number of moves, requiring participants to plan 
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ahead, and CREFT likely makes significant demands on planning ability as well. In addition to 

planning demands, both tasks feature rules that participants must keep in mind in order to make 

correct responses. The ToL’s rules stipulate that larger beads may not be placed on smaller 

beads, that only one bead can be moved at a time, and that each peg can only hold a certain 

number of beads. The CREFT’s rules require participants to register for classes that they have 

the required prerequisites for, have not already taken, and do not interfere with their work 

schedule. This finding, in combination with evidence of discriminant validity (a lack of 

correlations with other measures and domains of EF) suggests that CREFT may be an effective 

measure of planning ability. 

The modest but significant negative correlation between CREFT Execution Time (i.e., 

time between first and final responses on the task). and UPPS-P Positive Urgency confirms part 

of the study’s first hypothesis and suggests that slower execution time is associated with 

increased levels of positive urgency (i.e., tendency to engage in rash actions related to positive 

moods). This relationship was predicted due to the theoretical assumption that CREFT scores 

would be related to planning and impulsivity/inhibition and previous research suggesting that 

self-reported positive urgency may be associated with lower performance on EF tasks involving 

inhibition (Gay, Rochat, Billieux, d’Acremont, & Van der Linden, 2008).   

The unexpected finding of a modest correlation between CREFT Execution Time and 

BRIEF-A Organization of Materials, although not hypothesized, makes theoretical sense.  This 

correlation shows that as self-reported ability to organize materials required for tasks in everyday 

life improves, so does CREFT Execution Time. As part of the administration of the CREFT, 

participants were provided several pages containing information including transcripts of previous 

semesters, required coursework, and a work schedule. In order to select the correct courses, 
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participants needed to incorporate all of this information. It follows logically that individuals 

who are very organized may take longer to organize all of the information provided at the 

beginning of the task and perhaps finding multiple courses to fit into the schedule, as opposed to 

jumping into the task in a less organized way. One question to consider is why there was no 

association between Total Errors, the clearest indicator of performance level on the CREFT, and 

BRIEF-A Organization of Materials. One might think that that being well-organized would be 

associated with making fewer errors, but this was not the case according to the data. This 

suggests that while organizing the handouts might lead to more efficient performance, as 

measured by Execution Time, there may be multiple ways of organizing or approaching the task 

while still completing it accurately.  

Overall, these results suggest that CREFT may not possess the expected ecological 

validity, at least as defined by its relationship to an ecologically valid self-report EF measure. It 

was thought that, as opposed to traditional performance-based tasks such as the WCST and ToL, 

the CREFT may be more ecologically valid due to having being designed to mimic a real world 

task most college students must complete. In fact, the CREFT appears to be the first 

performance-based EF task designed specifically for university students. However, there was 

still a lack of associations between the CREFT and BRIEF-A. One possible explanation for this 

result is that performance-based tasks assess quite a narrow range of individuals’ functioning, 

whereas self-report measures such as the BRIEF-A assess broader domains of everyday EF 

ability. As Chaytor and Schmitter-Edgecombe (2003) note, one of the challenges of measuring 

ecological validity is that neuropsychological testing involves gathering a small sample of 

behavior in a single environment, and this sample may not be representative of individuals’ 

behavior, which can greatly vary across time and settings.  
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Another similar potential contributor to the findings is that, despite the CREFT 

mimicking a real-world task, the test was still administered in an artificial test environment. As 

discussed earlier in the study, one problem with EF tests is that they are administered in 

structured and artificial testing environments, where individuals are monitored by the examiner 

and given at least basic instructions – thus limiting their representativeness of real world 

functioning. Although the current study made an effort to leave the task as open-ended as 

possible, it was still somewhat artificial. Individuals completed only one task at a time in a 

relatively quiet environment without distractions. Thus, it still may not have approximated real 

world situations in which people must often perform under distracting and unsupportive 

conditions, as discussed in Chaytor and Schmitter-Edgecome (2003). Furthermore, the CREFT 

administration was unlike the real process of scheduling courses in that students are able to 

consult with advisors when registering.  

Relatedly, students’ performance may have been affected by the fact that they were given 

hypothetical majors, schedules, and classes from which to choose. Registering for their college 

courses in real life situations may be more stressful, given that their choices have actual 

consequences. Furthermore, participants may be more motivated when registering for an actual 

college semester. All of these factors could reduce the ecological validity of the measure.  

The pattern of correlations between CREFT and other EF measures also provides 

preliminary support for the hypothesis that CREFT is effectively a measure of planning ability, 

as it correlated strongly with an established planning task but not with other measures. 

Predictive Validity of CREFT for Alcohol Measures 

It was hypothesized that CREFT Execution time and total error scores, BRIEF-A GEC 

and Inhibition, and UPPS-P Positive Urgency and Sensation Seeking subscales would be 
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predictive of typical drinking rates, as measured by the DDQ Drinks Per Week. However, UPPS-

P Sensation Seeking was the only one of these variables to predict weekly drinking rates. 

Gender, though, was the best predictor of weekly drinking rates. This is consistent with previous 

research showing that college-aged males tend to use more alcohol than females (Johnston et al., 

2014). Traditional performance-based tasks did not increase the predictive value of our model. 

Therefore, at least in this study, typical drinking rates are better predicted by demographic 

information alone (i.e., gender), rather than performance-based EF measures. Including self-

report EF measures, in particular the UPPS-P Sensation Seeking subscale, did increase the ability 

to predict drinking rates. Past research has established relationships between sensation seeking 

and alcohol use frequency as well as alcohol related problems (Cyders et al., 2009; Meil et al., 

2016). None of the predicted scores from the BRIEF-A emerged as significant predictors in the 

model.  

While gender was a significant predictor of weekly drinking rates, it did not predict self-

reported rates of binge drinking. A possible explanation for this finding is that, while males 

overall drink more alcohol than females, binge drinking rates are defined differently for males 

and females in order to control for overall drinking rates. For males, binge drinking was defined 

as “five or more drinks within a two-hour period;” while for females, binge drinking was defined 

as “four or more drinks within a two-hour period.”. The study found that UPPS-P Sensation 

Seeking did emerge as a significant predictor of binge drinking.  

CREFT Total Time and Total Error scores also significantly predicted binge drinking. 

One possible explanation for this finding is that their may be similar personality and EF factors 

influencing both CREFT performance and binge drinking behavior. Specifically, CREFT is a 

difficult task, with good performance requiring a patient, deliberate approach, likely in addition 
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to adequate frustration tolerance. On the other hand, binge drinking behavior may be undertaken 

by individuals who are more impulsive and less able to regulate frustration in stressful/frustrating 

situations. This is the first example in this study that a performance-based EF measure higher in 

verisimilitude did a better job of predicting an outcome than traditional EF tasks and self-report 

measures, such as the BRIEF-A. Generally, performance-based tasks have been less predictive of 

alcohol-related outcomes (e.g., Meil et al., 2016; Verdejo-Garcia & Perez-Garcia, 2007). Thus, 

the CREFT is uniquely positioned in being a performance-based EF task specifically designed 

for college students with the ability to predict outcomes such as binge drinking. This is 

important, given that binge drinking is a major issue in college populations (Jennison, 2004) 

In this study, gender emerged as a predictor for symptoms of alcohol use disorder, and 

performance-based measures, including the ToL and WCST, did not. This is consistent with 

Hagen et al. (2016), who found that gender and education predicted membership into a group of 

individuals diagnosed with substance use disorders better than performance-based EF measures. 

A regression model including self-report measure led to an increase in ability to predict symptoms 

of alcohol use disorder. In particular, the hypothesized UPPS-P scales and BRIEF-A Inhibit were 

significant predictors. However, CREFT measures were not predictive. The study also found that 

UPPS-P Positive Urgency and UPPS-P Sensation Seeking scores were the only significant 

predictors of problematic drinking, as measured by the RAPI.   

Overall, the findings indicate that CREFT did not demonstrate increased ecological 

validity as compared to traditional performance-based measures of EF. In addition, with the 

exception of the prediction of binge drinking, the CREFT performed no better than these 

measures when it comes to predicting alcohol use and alcohol-related problems. These results 

also speak to the possible differences in what is being assessed by performance-based and self-
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report tasks. Ready et al (2010) studied both types of tasks with regard to their ability to predict 

different types of behaviors. Their results indicated that performance tasks were predictive of 

achievement and work-related behavior, while, similar to the current study, self-reports were 

predictive of substance use, disinhibited, and risk-taking behavior. Thus, they concluded that both 

types of measures are ecologically valid but associated with different types of outcomes. 

Instead, it appears that the UPPS-P, specifically UPPS-P Sensation Seeking subscale, was 

the most consistently predictive of alcohol-related outcome measures.  These results are similar to 

those of Meil et al. (2016), who examined the ability of ecologically-based measures to predict 

substance use and found that a self-report measure of sensation seeking was predictive of both 

alcohol and marijuana use frequency.  

Previous research has also supported the notion of a relationship between traits of 

impulsivity based in the UPPS model (including sensation seeking) and alcohol use outcomes. A 

meta-analysis conducted by Coskunpinar, Dir, and Cyders (2013) found that all UPPS model 

traits, with the exception of Positive Urgency, were significantly predictive of drinking quantity 

(medium effect sizes). Also consistent with the current study, the meta-analysis found that 

sensation seeking showed the largest effect size for predicting binge drinking. With regard to 

problematic alcohol consumption, Negative Urgency and Positive Urgency had the largest effects, 

with Sensation Seeking still being a significant predictor. Thus, the current data provides more 

evidence supporting the overall relationship between impulsivity, and sensation seeking 

specifically, as a predictor of alcohol use and alcohol-related problems.  

Limitations 

As noted earlier, some specific problems with the current research include limitations of 

the CREFT, including its lack of validity index as well as its administration using Qualtrics, a 
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program designed for surveys rather than neuropsychological tests. A computer program 

specifically designed for the task may have been more intuitive and user friendly for participants. 

In addition, although the CREFT was designed to closely approximate a real-world task, it was 

still administered in an artificial testing environment using hypothetical majors and work 

schedules. This limitation, as well as the fact that the test gathered a small sample of behavior 

that may not be representative of individuals’ overall behavior, mimics problems with 

performance-based neuropsychological testing in general.     

 Despite a relatively large sample size, the sample obtained in this study may not 

accurately reflect the entire population of undergraduate students, as the sample was quite 

homogenous with regard to ethnicity. In addition, the nature of the subject pool from which 

participants were gathered meant that the majority of the participants were Freshman. Thus, 

while the study was aimed at investigating college students in general, the data collected is most 

generalizable to first-year college students.  

An additional concern related to the composition of the study sample was the possibility 

of variation in frontal lobe development between the younger and older participants, given 

research showing that maturation of the frontal lobe continues into adulthood (Romine & 

Reynolds, 2010). In other words, the 18-year-old participants’ brains may be less developed 

overall than participants in their early twenties, which could have created differences in EF 

performance and distorted conclusions drawn from the study. To address this, the correlational 

and hierarchical regression analyses were run again, excluding the seven participants aged 

between 22-24, in order to determine if removing older participants would change the results of 

the study. There were no significant changes in the study’s results after this analysis. 



78 

 

 Similarly, because the sample was composed of college students, the study mostly 

examined high-functioning individuals. College students, for the most part, are likely to have a 

certain level of EF ability; therefore, the sample may have a more restricted range of EF ability 

relative to a sample of the general population. Thus, stronger findings may be obtained by 

comparing groups, such as college students with same-aged peers not attending college, or 

students in good academic standing with those on academic probation or mandatorily enrolled in 

university drug and alcohol management programs.  

 The lack of means to measure the motivation and effort level of participants is another 

limitation. Of the measures administered, only the BRIEF-A had imbedded validity scales. Data 

from participants that scored at the indicated cut-off on the BRIEF-A were completely 

eliminated from analysis, as it was assumed that these participants may have also responded 

noncredibly on other measures. The CREFT, in its current state, lacks any objective validity 

index. Anecdotally, it was observed during data collection that several participants simply 

responded rapidly and randomly, attempting to complete the task as quickly as possible.  Given 

the range in possible options, this approach will almost always result in a large number of errors. 

However, without an objective validity index, the frequencies of noncredible responding as well 

as the impact of noncredible responding on study results remain unclear.  

 Instead of being administered in a counterbalanced order, EF measures were administered 

in the same order for each participant. Given the amount of tasks participants were asked to 

complete, there was potential for fatigue effects to influence results, particularly with regard to 

performance on tasks administered later in the study.  

 While participants were asked about frequency of marijuana use, this information was not 

controlled for in the analyses. Given that marijuana use has dose-related detrimental effects on 
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EF ability (Bolla et al., 2002), marijuana use could have influenced findings. Moreover, 

participants were not asked about use of other substances other than alcohol, tobacco, and 

marijuana. It is possible that substance use, other than alcohol, impacted the results. For 

example, some participants may have denied alcohol use but showed impaired EF ability 

associated with abuse of other substances. 

 Another possible limitation of the study is the modest reliability (Cronbach’s alphas 

below .70) of some BRIEF-A subscales (i.e., Inhibit, Shift, and Self-Monitor), which could limit 

the validity of findings involving these scales. However, the majority of measures included in the 

study had high reliability, with Cronbach’s alphas of greater than .80.  

Future Research 

 Future studies involving the CREFT could focus on refining the measure and learning 

more about the nature of the scores and domains it measures. It turned out to be quite difficult for 

participants, given that the five-item task yielded a mean of over 14 errors. Many participants 

commented that the CREFT was difficult and frustrating. For example, one participant stated “I 

dread doing this in real life. It was very annoying to do again.” Another stated, “I really was kind 

of lost. I’m a freshman so I struggle doing this without the help of my advisor…I guessed most 

of the time.” It may be beneficial to more closely examine what specifically was so difficult 

about the task, both through subjective report and objective analysis, such as by determining 

what error types participants are most likely to make, as well as the domain(s) of executive 

functioning involved in those error types. There also may have been aspects of the CREFT 

administration that added to the difficulty. For example, one participant suggested that providing 

a blank paper schedule to fill in would have made the task easier (participants only entered their 

courses on the computer).  Another potential contributor to the perceived difficulty and 
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participants’ frustration may be the uniform item difficulty. The WCST, which is similar to the 

CREFT in that the structure of the test does not allow for progressive item difficulty, has been 

criticized for being too frustrating, at least when used with severely-impaired individuals (Smith-

Seemiller, Franzen, & Bowers, 1997). Unlike the CREFT, many neuropsychological tests of EF, 

including the ToL, begin with easier items and gradually increase in complexity.  

More analysis and refinement of what CREFT outcome measures are actually measuring 

and which are most meaningful could also be useful. In the Method section, it was noted that it 

was unclear what CREFT Total Time and Execution Time scores would be measuring. Although 

longer time to complete tasks is generally indicative of poorer performance on EF tests, the 

opposite appears to be the case here. There was a significant negative correlation between 

CREFT Total Errors and CREFT Total Time. It appears that individuals who rushed through the 

task made more errors, while more accurate performance was related to taking one’s time 

working through the task. However, in some cases, longer Total Time could be indicative of 

difficulty completing the task. Similarly, Execution Time was expected to be a measure of 

planning ability, with the idea that the most efficient approach to the task would be to read the 

instructions and spend a significant amount of time determining five courses to register, and then 

beginning to submit one’s answers. Thus, for individuals approaching the task this way, the 

Execution Time (i.e., the time between first response on the task and completion of the task) 

would be much shorter than for those taking a less organized approach to the task. However, it is 

not clear whether this was the case in our current study. It is possible that someone could have 

short or long Execution/Total times, yet still make many errors on the task. It appears that Total 

Errors was the clearest indicator of task performance. One potential solution would be to create a 
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CREFT score measuring the ratio of Total Time to Total Errors. Analyzing such a score may be 

a more effective way of examining participants’ efficiency and level of performance on the task. 

 Another potential goal of further research on the CREFT would be to establish normative 

data, perhaps even stratifying norms according to age and college class, allowing for greater 

ability to compare results with other measures and across studies. Finally, an important 

refinement of the CREFT would be to create an independent computer program to run and score 

the task. The current version of the task uses Qualtrics, which is designed primarily for surveys, 

rather than tasks with specific correct answers. As a result, scoring had to be done by hand. 

Creating a stand-alone software program for the CREFT would improve the usability for both 

researchers and participants.  

Additionally, a maximum of eight errors could be made prior to the participant being 

moved on to the next item, regardless of obtaining a correct response or not. This number was 

selected, somewhat arbitrarily, in order to allow for a reasonable possible range of errors without 

becoming overly frustrating for participants. In addition, limitations in Qualtrics survey software 

played a role in this decision. Further refinement of the CREFT should address whether the 

amount of errors allowed on each item should be adjusted. 

As noted earlier, the CREFT did not include a measure of validity, and several 

participants appeared to be randomly selecting courses during the task. Validity indicators 

designed to flag variations of non-credible responding, whether due to lack of motivation or 

malingering, is an important future refinement of the task.  

The current study relied on self-report to gather information on alcohol use and alcohol-

related problems. Overall, research has supported self-report “quantity/frequency” measures of 

alcohol use to be generally reliable and valid, despite a tendency toward under-reporting at 
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higher levels of alcohol use (Del Boca & Darkes, 2003; Northcote & Livingston, 2011). 

Nonetheless, self-report can be flawed for numerous reasons, including inaccuracy of memories 

or hesitancy to report drinking habits due to embarrassment or fear of consequences. It is 

possible that this distorted some results of the study. Therefore, future studies may wish to gather 

objective information on alcohol-related problems, perhaps by comparing CREFT scores of 

students involved in alcohol and drug management programs to a control group of 

undergraduates.  

 Future research studying ecological validity of EF in samples of college students may 

want to explore the use of other operational definitions of everyday EF ability. In addition to 

self-report measures, informant-reports, such as from family members, teachers, or other sources 

could be used. While some studies, such as the current one, have used comparisons with self-

report measures such as the BRIEF-A, others have examined the ability of measures to predict 

objective aspects of functioning, such as employment status (Kibby et al., 1998). In a high 

functioning sample of college students, such ability to work or complete activities of daily living 

would not constitute sufficient measures of everyday executive functioning ability. Perhaps other 

outcome measures may be more appropriate for college students, such as data related to 

academic success, including attendance rates and course grades.  

Clinical Implications 

 Alcohol use is a major problem in college student populations, with students engaging in 

higher rates of alcohol use, intoxication, and binge drinking than non-college peers (Johnston, 

O’Malley, Bachman, Schulenberg, & Miech, 2015). As noted earlier, binge drinking behavior is 

associated with not only reckless behavior and poorer grades while in college, but also increased 

risk of alcohol related problems after college (Jennison, 2004; Vik, Carrello, Tate, & Field, 
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2000). Furthermore, there is substantial evidence that poor EF is both predictive of and worsened 

by substance abuse (Meil, LaPorte, & Stewart, 2012; Nigg et al., 2006; Peeters, Vollebergh, 

Wiers, & Field, 2014; Tartar et al., 2003; Wilens et al., 2011). Thus, it is important for 

psychologists to have appropriate, ecologically valid means of assessing EF in this population in 

order to inform diagnostic decisions and treatment recommendations. While self-report measures 

may be the most ecologically valid measures according to this study, their validity is dependent 

on accurate self-report. As noted earlier, these measures may be inaccurate for a number of 

reasons (e.g., positive or negative impression management, memory difficulties, lack of insight). 

Therefore, they should not be solely relied upon. In general, a thorough assessment should, then, 

use a combination self-report and performance-based measures, which are less susceptible to 

those problems. 

 To date, the CREFT appears to be the only performance-based EF task with a focus on 

verisimilitude designed specifically for college students. The current study suggests that it is 

uniquely predictive of binge drinking – more so than the BRIEF-A, suggesting that it has utility 

as part of a more comprehensive neuropsychological testing battery. In addition, CREFT has an 

advantage over self-report measures in that it allows clinicians to obtain qualitative data based on 

observations of how test-takers approach the task. As discussed earlier, some participants rushed 

through the task, while others were more methodical. Some participants quickly became 

frustrated, while others did not appear to be. There were also many different ways of organizing 

and integrating the information provided to participants, such as by first completing the major 

and general studies requirements checklist to determine which courses they still needed, first 

ruling out courses that interfered with their work schedule, etc. These different ways of 

approaching and responding to the task can be a source of valuable clinical information.  
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This study also provided more evidence that aspects of impulsivity and disinhibition, 

particularly sensation-seeking behavior, are important to assess for. Perhaps the most consistent 

finding in this study was sensation seeking behavior being predictive of alcohol outcomes, 

including typical drinking rates, binge drinking frequency, and symptoms of alcohol dependence.  

Sensation seeking behaviors may need to be a focus of intervention at both individual and 

programmatic levels. Psychologists working with individuals with substance abuse problems 

may want to consider including interventions aimed at reducing or managing sensation seeking 

behavior. Similarly, university alcohol/substance management programs could consider ways to 

target outreach to address the role of sensation seeking and impulsivity in substance use. 

Conclusion 

The purpose of the study was to develop an ecologically valid EF task specifically for 

college students, and to assess its correlations with existing EF measures, as well as its ability to 

predict outcomes related to alcohol use.  As expected, CREFT performance was associated with 

performance on the ToL, with both tasks thought to involve the planning aspect of EF. CREFT 

scores were also related to BRIEF-A Organization of Materials, which was not hypothesized but 

made sense theoretically given that CREFT involved organization of several pages of materials. 

Although CREFT was hypothesized to be correlated more highly with BRIEF-A due to being 

designed with ecological validity in mind, the lack of other associations between the measures 

was consistent with previous research suggesting that self-report and performance-based EF 

tasks are measuring different things (Hagen et al., 2016, Isquith et al., 2013). Sensation seeking 

emerged as a significant predictor of each alcohol outcome, including typical drinking rates, 

binge drinking frequency, alcohol-related problems, and symptoms of alcohol use disorder. 

Notably, CREFT performance was predictive of binge drinking, while BRIEF-A scores were not.  



85 

 

Several important conclusions can be drawn from this study. First, the current research is 

the first to attempt to develop an ecologically valid, performance EF task to be used specifically 

with college students. Second CREFT shows promise as a task of planning ability, given its 

correlations with an established planning measure and initial evidence of discriminant validity. 

Third, although CREFT showed few correlations with other measures, it is a strong predictor of 

binge drinking, suggesting that it has clinical utility in assessing college students with possible 

EF and/or substance problems. Finally, results provided further evidence of the importance in 

assessing and targeting interventions/outreach toward sensation seeking and impulsivity, given 

that it was consistently predictive of alcohol outcomes. Future research could focus on further 

refinement and validation of CREFT, including examination of outcome measures and specific 

aspects of EF being tapped into by the task. Future studies may also want to replicate this 

research using a sample of students referred to university alcohol management/outreach 

programs. 
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Appendix A 

CREFT Transcript 

 

Your Transcript (courses you have already taken) 

 

Term:  Freshman Year – Fall Semester: 

Course Grade Credits Received 

UCO 1200 A 3 

ART 2022 B 3 

R C 1000 A 3 

HP 1105 A 2 

MAT 1025 A 4 

   

Term: Freshman Year – Spring Semester: 

Course Grade Credits Received 

FER 1000 B 3 

MUS 2022 B 3 

CHE 1101 B 3 

CHE 1110 C 1 

BIO 1801 B 4 

HIS 1101 A 3 

 

Term: Sophomore Year – Fall Semester: 

Course Grade Credits Received 

ECO 2030 A 3 

R C 2001 A 3 

CHE 1102 B 3 

CHE 1120 B 1 

HIS 1102 A 3 

BUS 1050 A 3 

 

Term: Sophomore Year – Spring Semester: 

Course Grade Credits Received 

FER 3000 A 4 

CHE 2101 B 3 

CHE 2102 B 1 

ACC 1050 A 3 

CHE 2210 B 3 

CHE 2211 C 1 
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Appendix B 

CREFT Major Requirements 
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Appendix C 

CREFT General Studies Requirements 
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Appendix D 

CREFT Work Schedule 

 

Work Schedule at College Bookstore Work Schedule (5 minute walk from all classes) 

 

Monday  Tuesday Wednesday Thursday Friday 

9:00 AM-1:00 

PM 

 3:00 PM-9:00 

PM 

10:00 AM-

2:00 PM 

3:00 PM-9:00 

PM 

Off 
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Appendix E 

UPPS-P Impulsivity Scale 
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Appendix F 

Daily Drinking Questionnaire 

For the next questions, indicate the requested drinking rates for each day of a TYPICAL week in 

the last 30 days. If no alcohol was consumed, enter zero. 

How many standard drinks did you consume? 

 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18  

Monday                     

Tuesday                     

Wednesday                     

Thursday                     

Friday                     

Saturday                     

Sunday                     

 

How many hours did you spend drinking each day of a TYPICAL week in the last 30 days? 

 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18  

Monday                     

Tuesday                     

Wednesday                     

Thursday                     

Friday                     

Saturday                     

Sunday                     
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Appendix G 

Alcohol Use Disorders Identification Test 
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Appendix H 

Rutgers Alcohol Problem Index 
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