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ABSTRACT 

Attention-Deficit/Hyperactivity Disorder (ADHD) has been shown to affect many areas 

of executive functioning, including task-switching. Individuals with ADHD are typically 

slower and less accurate when switching between tasks during a cued paradigm. 

However, Sams et al. (2017) examined task-switching ability in adult ADHD with a more 

naturalistic voluntary paradigm that requires participants to decide when to switch tasks. 

Results indicated smaller switch costs and more frequent switching by those with ADHD 

when compared to a control group. The current study was thus designed to try to replicate 

the results of Sams et al. (2017) and to address why individuals with ADHD might exhibit 

seemingly better task-switching performance despite their greater difficulties with 

executive functioning. Specifically, it was hypothesized that individuals with ADHD may 

form less durable task-sets that allow for switching unimpeded by the need for the time 

consuming process of task-set reconfiguration or the influence of proactive interference. 

To test this idea, performance on a voluntary task-switching paradigm that manipulated 

the response-to-stimulus interval (RSI) and an operation span task (OSPAN), as well as 

self-reported executive functioning deficits, were compared between an ADHD group 

and a control group. Results failed to replicate those of Sams et al. (2017), perhaps due to 

low power and differences in paradigm design, and manipulation of RSI was 

unsuccessful in providing insight into underlying mechanisms. 
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INTRODUCTION 

Attention-Deficit/Hyperactivity Disorder (ADHD) is a neurodevelopmental 

disorder characterized by developmentally inappropriate levels of inattention, 

hyperactivity, and impulsivity (Bush, 2010). Approximately 11% of children, ages 4 to 

17, have been diagnosed with ADHD and, as the twenty-first century progresses, rates of 

parent-reported ADHD diagnosis consistently show an upward trend with a 43% increase 

from 2003 to 2011 (Centers for Disease Control and Prevention, 2017; Collins & Cleary, 

2016). Children with ADHD often experience negative consequences in academic and 

social facets of life, such as poor grades and failed friendships (National Institute of 

Mental Health, 2016). Further, ADHD has more recently been recognized as a disorder 

that can persist into adulthood (American Psychological Association, 2013). While many 

of the symptoms in the adulthood manifestation of the disorder overlap with those of 

childhood, the consequences related to those symptoms are considerably more costly and 

can include negative impacts on professional success and psychological functioning, as 

well as legal issues (Biederman et al., 2007; Stern, Pollak, Bonne, Malik, & Maeir, 2017). 

Because ADHD impairs those aspects of cognition that promote academic, occupational, 

and social functioning, research elucidating the mechanisms and components of ADHD 

has the potential to improve daily functioning and quality of life for individuals with the 

disorder (Stern et al., 2017).  

ADHD and Executive Functioning 

Over the years, research has come to support the theory that many of the 

symptoms of ADHD arise from deficits or disturbances in executive functions (Boonstra, 

Oosterlaan, Sergeant, & Buitelaar, 2005). Executive functions are higher order cognitive 
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processes necessary for successfully monitoring, regulating, and directing thoughts, 

actions, and emotions (Biederman, Mick, & Faraone, 2000; Stern et al., 2017). Examples 

of executive functions include sustained attention, working memory, organization, 

planning, inhibition, set-shifting, self-regulation, behavioral control and other abilities 

that serve to construct and maintain response and problem solving sets needed for 

attaining goals (Nigg et al., 2005; Pennington & Ozonoff, 1996; Vidal Milioni et al., 

2017).  

A growing body of research that has examined which executive functions are 

affected in adult ADHD has shown that certain deficits do play a prominent role in the 

disorder (Stern et al., 2017). In a meta-analysis of studies that investigated adult ADHD, 

Boonstra et al. (2005) found consistent support for deficits in the areas of verbal fluency, 

inhibition, and set-shifting. For example, Lovejoy et al. (1999) examined performance on 

several executive function measures including: a) the Stroop Neuropsychological 

Screening Test, which measures inhibition and impulsivity by presenting participants 

with color words written in incongruent ink color (e.g., “blue” written in green) and 

requiring them to respond with either the color word or ink color; b) the Trail Making 

Test (Parts A and B) to measure attentional set-shifting, working memory, and 

psychomotor speed by requiring participants to first connect randomly distributed 

numbered circles in ascending order (Part A), and then connect randomly distributed 

numbered and lettered circles in an alternating, ascending pattern (Part B); c) the 

California Verbal Learning Test, a set of list learning tasks, a portion of which measure 

organization skills, concept formation, and working memory; d) the Controlled Oral 

Word Association Test, which uses word naming trials to assess spontaneous verbal 
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production and organization; and e) the Wechsler Adult Intelligence Scale-Revised 

Freedom From Distractibility Factor, composed of the Digit Span and Arithmetic 

subtests, to evaluate attention/concentration and working memory by having participants 

repeat strings of numbers forward and backward and perform simple math problems. The 

ADHD group performed worse than the control group on all measures except the 

California Verbal Learning Test, providing evidence for deficits in multiple domains of 

executive functioning, and deficits in the identified areas were predictive of the presence 

of ADHD. In addition, Stern and colleagues (2017) examined the relationship between 

self-reported executive functioning deficits using the Behavior Rating Inventory of 

Executive Function – Adult Version (BRIEF-A), and self-reported general quality of life, 

as measured across the domains of productivity, life outlook, relationships, and 

psychological health in adults with ADHD. Results indicated that greater deficits in 

executive functions were associated with lower self-reported quality of life, underscoring 

the real world impact of executive dysfunction. 

Researchers have not only found deficits in executive functions for adults with 

ADHD, but also impairments in other cognitive areas. For instance, Boonstra et al. 

(2005) found evidence across multiple studies for deficits in cognitive processes that fall 

outside a strict definition of executive functioning but can be associated, such as 

variability/inconsistency in reaction time (RT) performance (deemed “consistent 

inconsistency”), decreased vigilance, and overall general cognitive slowing. These 

findings are consistent with previous studies of adults with ADHD that demonstrate slow 

response speed and continuous performance task errors, and seem to indicate a role for 
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deficits in state regulation mechanisms, such as alertness and activation, in the disorder 

(Boonstra et al., 2005; Nigg et al., 2005).  

One particular area of executive functioning and response speed that has been 

shown to be impaired in both child and adult ADHD is set-shifting or task-switching 

(Bueno, da Silva, Alves, Louza, & Pompeia, 2017; Cepeda, Cepeda, & Kramer, 2000; 

King, Colla, Brass, Heuser, & von Cramon, 2007). Task-switching is the ability to 

quickly and efficiently alternate between tasks of different types through the use of 

working memory, response inhibition, and attentional control (Arrington & Logan, 2004). 

Though Stern et al. (2017) did not find a significant correlation between self-reported 

shifting, as measured by the BRIEF-A, and overall perception of quality of life in adults 

with ADHD (r = -.20), it can be argued that as individuals mature, the ability to switch 

attention efficiently becomes more important in capably carrying out daily 

responsibilities. Task-switching is involved in many everyday activities, such as driving a 

car, taking notes while listening in class or meetings, and “multitasking” with different 

types of media (e.g., talking on the phone while checking e-mail), and, if impaired, can 

limit the ability to effectively engage in such activities. For instance, in a study 

comparing simulated distracted driving performance between adults with and without 

ADHD, Reimer, Mehler, D’Ambrosio, and Fried (2010) found that adults with ADHD 

were more impacted by a secondary task and engaged in riskier driving behaviors during 

driving conditions meant to mimic highway situations. Given the role of task-switching 

in everyday activities, a closer look at task-switching performance in adult ADHD seems 

warranted.  
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Task-Switching 

Task-switching involves the coordination of multiple processes and is 

investigated in the laboratory by presenting participants with stimuli (e.g., a single 

number, a letter-number pair, etc.) and requiring them to alternate between performing 

discrete tasks on those stimuli (Arrington & Logan, 2004). A task is defined as the 

performance of particular mental operations and actions that produce an accurate 

response to the stimulus input in accordance with a pre-specified goal (Kiesel et al., 2010; 

Koch, Poljac, Mueller, & Kiesel, 2018; Schneider & Logan, 2014). The tasks used are 

relatively simple, such as deciding whether a letter is a consonant or a vowel or whether a 

number is even or odd (Cepeda et al., 2000). Yet, they still require active cognitive 

processes as participants must attend to and interpret different features of the stimuli 

when carrying out a given task and alternating between them (King et al., 2007). Thus, 

task-switching involves the coordination of two or more task-sets, or “configuration[s] of 

subordinate processes” (Arrington & Logan, 2004, p. 610), to effectively execute and 

switch between tasks (King et al., 2007). More specifically, task-sets are representations 

of the cognitive and motor requirements associated with a task (Koch et al., 2018). These 

representations consist of the task goal (e.g., attend to the parity of a number), the set of 

task-relevant stimuli (e.g., even or odd numbers), the set of possible responses (e.g., press 

the “J” or “K” key on a keyboard), and the mapping between stimuli and responses (e.g., 

press "J" for an even number; Koch, Gade, Schuch, & Philipp, 2010). Many of the 

processes needed to coordinate and reconfigure perception, cognition, and motor 

movement in response to a goal change during task-switching fall under the overarching 
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function of executive control, including information selection from long-term memory 

and configuration of correct task-sets in working memory (Cepeda et al., 2000).   

Cued task-switching. Traditionally, task-switching paradigms have most often 

been “cued,” where participants are explicitly told which task to do on each trial, either 

through direct instruction or by following a predictable pattern (e.g., AABBAA). Trials 

that are preceded by performance of the same task (e.g., AA) are known as non-switch 

trials, whereas trials that are preceded by performance of a different task (e.g., AB) are 

known as switch trials (Wu, Anderson, & Castiello, 2006). Cued task-switching allows 

researchers to investigate overall RT (generally measured in milliseconds [ms]) and 

accuracy differences between groups, as well as the specific RT and accuracy costs 

associated with switching. Switching between tasks usually results in longer RTs and 

lower accuracy compared to repeating the same task (King et al., 2007). The costs of 

alternating between tasks, known as switch costs, are thus derived by subtracting RT or 

accuracy on non-switch trials from RT or accuracy on switch trials with larger switch 

costs indicative of greater difficulty with switching (Kiesel et al., 2010).  

Switch costs are thought to primarily arise from the cognitive operations 

associated with two sets of processes that occur during task-switching: reconfiguration of 

the active task-set to match the current task goal and interference from persisting 

activation of the currently irrelevant task-set (Kiesel et al., 2010). Reconfiguration has 

been conceptualized as an extra, inserted processing stage that occurs only during task 

switches, and not task repetitions (Yeung & Monsell, 2003), in order to prepare the 

cognitive system for the new task (Liefooghe, 2017). It is a top-down account of switch 

costs, as it “[proposes] endogenous executive processes that actively configure the 
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cognitive system to perform a given task” (Arrington & Logan, 2005, p. 683). The exact 

control processes associated with reconfiguration are often not specified in the literature, 

and are difficult to separate out, but are thought to include updating the relevant task goal 

in working memory along with retrieving the associated stimulus-response mappings 

from long-term memory (Liefooghe, Demanet, & Vandierendonck, 2009, 2010; Rogers 

& Monsell, 1995). While reconfiguration to the appropriate task-set is necessary for 

successful completion of a task, the processes underlying it take time and effort, and are 

thus believed to contribute to the observed switch costs (Rogers & Monsell, 1995).  

Early evidence for this idea came from Rogers and Monsell’s (1995) work. They 

used an alternating runs paradigm, in which participants were presented with a letter-

number pair and asked to switch between judging whether the letter was a consonant or 

vowel or whether the number was even or odd in a predictable sequence (i.e., AABBAA), 

combined with manipulation of the response-to-stimulus interval (RSI). RSI is the time 

between a participant’s response to a stimulus on one trial and the presentation onset of 

the next stimulus, generally varied in ms (Arrington, Reiman, & Weave, 2014). Rogers 

and Monsell (1995) observed that as RSI increased, both RT and accuracy switch costs 

decreased, suggesting to them that the processes underlying successful task-set 

reconfiguration could be carried out to a greater extent with more time.  

However, residual switch costs still remained (i.e., switch costs were not fully 

eliminated), suggesting a second factor may be involved in switching, which subsequent 

research has identified as persisting activation of the previously used task-set from one 

trial to the next (Kiesel et al., 2010). Persisting activation of task-sets, which can be 

considered a bottom-up explanation of switch costs given it assumes “passive interactions 
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between successive tasks” (Arrington & Logan, 2005, p. 683), creates a priming effect 

from the previously performed task that, unlike reconfiguration, occurs with every trial 

(i.e., with both switch and non-switch trials). On non-switch trials, this priming effect is 

advantageous, as persisting activation of the previously used task-set benefits 

performance of the same task on the current trial, enhancing speed and accuracy. During 

task switches, however, persisting activation of the previous, and now inappropriate task-

set, interferes with performance of the current task, resulting in longer RTs and more 

errors (Kiesel et al., 2010; Yeung & Monsell, 2003).  

Evidence for proactive interference from persisting activation comes from studies 

that show “asymmetric switch costs” (e.g., Yeung & Monsell, 2003). These studies 

require participants to switch between tasks of unequal strength or dominance, such as 

those used in the Stroop task where participants switch between the easy (i.e., stronger or 

“dominant”) word naming task and the more difficult (i.e., weaker or “non-dominant”) 

color naming task. Surprisingly, and unexpectedly based on pure reconfiguration 

accounts of switching, participants incur greater switch costs when switching to the more 

dominant of the two tasks (e.g., when switching from color naming to word reading; 

Kiesel et al., 2010). This pattern suggests that a higher level of activation is needed when 

one has to carry out the less dominant/weaker task, which then persists when one 

switches to the more dominant/stronger task, and thus interferes with performance. 

Switching from the more dominant to the less dominant task, however, carries less 

interference as the dominant task does not require as much activation for execution 

(Yeung & Monsell, 2003). Based on these findings, Yeung and Monsell (2003) suggest 

that the control processes involved in switching must be dynamically adjusted to 
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overcome the persisting activation of the inappropriate task-set and increase the level of 

activation of the appropriate task-set. 

 When discussing the effects of underlying mechanisms on task-switching, it is 

important to acknowledge that inhibition is also believed to play a role in producing 

switch costs, although researchers disagree as to whether inhibition during task-switching 

stems from top-down or bottom-up processes, or a combination of both (Koch et al., 

2010). For example, inhibition has been viewed as a component of reconfiguration, such 

that, in order to switch tasks successfully, one must inhibit previously used task-sets that 

are inappropriate for the current goal (Cepeda et al., 2000). Meanwhile, persisting 

inhibition has been hypothesized as a counter to persisting activation, such that inhibition 

of the inappropriate task-set on one trial automatically carries over to subsequent trials 

even when the task-set becomes appropriate again, thus impeding performance on that 

task. Evidence for this persisting inhibition comes from studies examining “n-2 repetition 

costs” by using a three-task paradigm and comparing performance on task A in an ABA 

(i.e., n-2 repetition) task sequence versus a CBA (i.e., n-2 switch) task sequence. 

Performance for the latter trial of task A is impaired in the n-2 repetition sequence 

relative to performance for task A in the n-2 switch sequence, suggesting inhibition of 

task A has carried over across trials. It is unclear how findings of n-2 repetition costs 

apply to switch costs in the typical two-task paradigm (Kiesel et al., 2010) and many 

models of switch costs do not specifically address inhibition, although it is acknowledged 

to have some role (e.g., Rogers & Monsell, 1995; Yeung & Monsell, 2003). 

Voluntary task-switching. Despite the valuable information gained from 

investigations of cued task-switching, one criticism of the paradigm is that it is unrealistic 
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in imitating the type of task-switching done in real world situations (Arrington & Logan, 

2004). Generally, people are not explicitly told when to shift their attention from one task 

to another during daily activities. Rather, shifting is initiated from one’s own volition, 

such as shifting attention between the road and changing the radio station while driving. 

Due in part to this criticism, Arrington and Logan (2004) developed a voluntary task-

switching paradigm in which participants actively choose when to switch between tasks. 

The voluntary paradigm is similar to the cued except that participants are not explicitly 

told when to switch tasks nor do they follow a sequential rule. Participants are instead 

told to choose which task to do on each trial randomly (as if “flipping a coin”) and to 

perform each task on approximately half the trials, but not to count or adhere to a 

particular pattern (Arrington & Logan, 2004).  

By requiring participants to make the decision to switch tasks, the voluntary 

paradigm necessitates active control processes that the cued does not and allows 

researchers to separate endogenous and exogenous influences on the decision to switch 

(Arrington & Logan, 2004; Mayr & Bell, 2006). Unlike cued task-switching, voluntary 

task-switching ensures that the endogenous processes, such as those involved in 

reconfiguration, are playing an active role by placing the decision to switch with the 

participant, allowing researchers to examine biases towards perseveration (Arrington & 

Logan, 2004). The degree of perseveration, or failure to switch, is thought to indicate the 

ability of one’s executive control processes to overcome the tendency to continue use of 

the most recently active task-set (Mayr & Bell, 2006). Studies investigating task choice in 

voluntary switching have shown that participants are generally reluctant to switch of their 

own volition, presumably because it is cognitively demanding to do so (e.g., Arrington & 
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Logan, 2004, 2005; Demanet & Liefooghe, 2014; Mayr & Bell, 2006; Yeung, 2010). 

Average switch percentages observed in these studies range from .30 to .45, which is 

below what would be expected given truly random task choice (i.e., .50). That is not to 

say that the voluntary task-switching paradigm only elucidates endogenous influences on 

task-switching behavior in the absence of environmental cues, however, as exogenous 

processes can still exert some influence (Mayr & Bell, 2006). These exogenous 

influences stem from the task stimuli, which can influence retrieval of a recently used 

task-set (Arrington & Logan, 2005) and the decision to switch tasks (Mayr & Bell, 2006) 

depending on whether the task stimulus is the same or different on a given trial relative to 

the previous trial. For example, Mayr and Bell (2006) demonstrated that participants 

switched tasks approximately 30% more when the stimulus changed (i.e. was different 

from trial n – 1 to trial n, such as a 1 followed by a 4) relative to when it repeated (i.e., 

was the same, such as a 1 followed by a 1). Consequently, research employing the 

voluntary task-switching paradigm can focus on either the role of endogenous or 

exogenous influences on the decision to switch depending on the nature of the question 

under study.  

Despite the paradigmatic difference from cued task-switching that allows the 

voluntary approach to investigate influences on the decision to switch, the switch costs 

incurred in voluntary task-switching are thought to arise from similar sources as those 

found with cued, and many of the same effects have been observed. For instance, 

increasing RSI length has been shown to also decrease switch costs in voluntary task-

switching (Arrington & Logan, 2004, 2005; Liefooghe et al., 2009), suggesting a 

preparatory benefit for reconfiguration even in the absence of a cue. Additionally, the use 
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of manipulations meant to induce asymmetric switch costs during voluntary switching 

show greater switch costs when participants switch to the dominant task, indicating that 

interference from persisting task-set activation also contributes to voluntary switch costs 

(Demanet & Liefooghe, 2014; Liefooghe, 2017; Yeung, 2010). Relatedly, increased 

preparation time during voluntary task-switching is thought to lessen the presence of 

persisting activation and, in turn, decrease switch costs (Demanet & Liefooghe, 2014; 

Liefooghe, 2017).  

The influences of both reconfiguration and task-set interference have also been 

seen when examining the decision to switch during voluntary task-switching. For 

example, length of RSI influences task choice during voluntary task-switching with 

participants achieving higher switch percentages (i.e., closer to .50) as RSI increases 

(e.g., Arrington & Logan, 2004, 2005; Demanet & Liefooghe, 2014). Further, when 

voluntarily switching between tasks that differ in strength and produce asymmetric 

switch costs, participants often show a bias toward choosing to perform the less dominant 

task, indicating that higher levels of persisting activation associated with the weaker task 

prompt its repetition. However, this bias is less pronounced with a longer RSI, suggesting 

an additional benefit of increased preparation time for mitigating the interference of 

persisting activation on task choice (Yeung, 2010). 

ADHD and Task-Switching 

As the most frequently used paradigm in studies of task-switching, the cued task-

switching procedure has been applied to assess task-switching ability in both children and 

adults with ADHD. In general, non-medicated children with ADHD show greater switch 

costs than their control and medicated counterparts, which has been interpreted to suggest 
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that they suffer from deficits in the cognitive control needed to disengage from one task 

and efficiently switch to performing another (Cepeda et al., 2000; Kramer, Cepeda, & 

Cepeda, 2001). However, findings have been less consistent in adults with ADHD. For 

example, when requiring participants to choose a certain color house based on whether 

the accompanying background sky was day or night, Dibbets, Evers, Hurks, Bakker, and 

Jolles (2010) found that adults with ADHD made significantly more errors than control 

participants, but the groups did not differ in RT switch costs. Further, King et al. (2007) 

found that non-medicated adults with ADHD did not incur greater switch costs than 

control participants using a paradigm in which participants alternated between indicating 

either the color or shape of a figure.  

Other studies, though, have found support for impairment in the operationally 

similar function of set-shifting (Boonstra et al., 2005; Bueno et al., 2017) and in the 

executive functions thought to promote efficient reconfiguration in task-switching, like 

retrieval from long-term memory (Boonstra et al., 2005; Bueno et al., 2017) and 

inhibition (Boonstra, Kooij, Oosterlaan, Sergeant, & Buitelaar, 2010; Boonstra et al., 

2005). Such findings suggest that adults with ADHD should incur greater switch costs 

during studies of task-switching, as the control processes associated with reconfiguration 

and neutralizing interference would be less efficient and take longer to successfully 

engage. However, similar to research on task-switching, the presence of impairments in 

these processes are not consistently seen in the literature (e.g., set-shifting, when 

controlling for IQ and non-executive functioning performance: Boonstra et al., 2010; 

retrieval from long-term memory: Boonstra et al., 2010; inhibition: Bueno et al., 2017). 

Due to the varied results regarding task-switching ability (particularly, switch costs) and 



14 
 

its underlying processes in adults with ADHD, research on children with ADHD may not 

translate well to adults, and further investigation seems warranted. 

Given the merits of the voluntary task-switching paradigm in allowing the 

examination of not only switch costs but also the decision to switch tasks, it would seem 

to have potential for characterizing aspects of adult ADHD that have not been previously 

explored, as well as more real world applicability. For these reasons, Sams et al. (2017) 

employed both a cued and a voluntary procedure to study ADHD and task-switching in a 

sample of young adults. Undergraduate Wake Forest University students who reported a 

diagnosis of ADHD and a control group were recruited and asked to complete both types 

of task-switching measures, modeled on the work of Arrington and Logan (2004) and 

Mayr and Bell (2006). In addition, the participants completed the Barkley Deficits in 

Executive Functioning Scale (BDEFS; Barkley, 2011), which has been validated as a 

significant correlate of ADHD symptoms in college samples (Dehili, Prevatt, & Coffman, 

2017), and was included to assess self-reported levels of executive functioning and 

ADHD symptomatology. Results of the study indicated that participants with ADHD 

appeared to perform better relative to the control group in that they incurred smaller RT 

switch costs during both the voluntary and cued task-switching paradigms. They also 

chose to switch more when carrying out the voluntary paradigm, attaining an average 

switch percentage of .31, compared to the control group’s switch percentage of .22. 

Further, within the ADHD group, those participants who reported greater executive 

functioning deficits showed the smallest switch costs and switched more during voluntary 

task-switching, with the former relationship not apparent during cued task-switching. 

These findings with the ADHD group are highly surprising given that previous research 
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would suggest that greater executive functioning deficits should result in poorer mastery 

of the type of control processes (Boonstra et al., 2005, 2010; Nigg et al., 2005) that 

promote efficient reconfiguration and counteract proactive interference, which, in turn, 

should produce larger switch costs and less switching. That is, individuals who report 

greater deficits in executive function would be expected to have difficulty reconfiguring 

the cognitive system when switching to a new task, as well as suppressing the 

inappropriate task-set and activating the appropriate one, thus increasing the time needed 

to switch from one task to the other, and potentially reducing the frequency of voluntary 

switching. 

One possible explanation for the unexpected switching results with the ADHD 

group in Sams et al.’s (2017) study may stem from differences in how individuals with 

ADHD construct, represent, and/or maintain a task-set that impacts performance on tasks 

requiring use of that set. When task-set maintenance is particularly poor, participants can 

state a given task rule, demonstrating that the task-set has been constructed, but then fail 

to fully adhere to or engage it while actually performing the task (Elisa, Balaguer-

Ballester, & Parris, 2016). For example, in a study utilizing a community sample, Elisa et 

al. (2016) found that self-reported inattention, the primary impairment in adult ADHD, 

positively predicted impaired task-set use. Participants were administered a letter 

monitoring task in which they were instructed to read aloud letters from a series of 

stimulus pairs presented one at a time with the pairs consisting of either letters or 

numbers. One item from each pair appeared on the right side of the computer screen with 

the other item presented on the left, and participants were instructed to read from only 

one side of the screen. Then, prior to the last three trials of the task, participants were 
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shown a cue that indicated whether they should continue naming letters from the same 

side of the screen or switch sides. Thus, in order to perform this task successfully, 

participants had to remember to name letters rather than numbers, to start on the correct 

side of the screen according to the initial instructions, and to observe and adhere to the 

cue indicating whether they should switch sides or not when it appeared. The results 

showed that all participants were able to construct a task-set, as evidenced by successful 

repetition of the rules when asked, but higher levels of inattention were associated with a 

reduced ability to maintain or utilize that information during performance, resulting in 

fewer correctly named letters. Further, greater self-reported inattention was associated 

with poorer performance on the letter-monitoring task as well as on operation span 

(OSPAN; Elisa et al., 2016), which is a complex working memory task that measures 

one’s ability to hold information in mind while simultaneously shifting processing to 

carry out a secondary task (Unsworth, Heitz, Schrock, & Engle, 2005). Additionally, 

worse OSPAN performance was positively correlated with letter-monitoring, suggesting 

that those with high inattention who performed poorly on OSPAN formed less durable 

task-sets as demonstrated by poorer letter-monitoring performance (Elisa et al., 2016).   

The results of Elisa et al.’s (2016) work can be interpreted to suggest that 

individuals who experience greater executive functioning deficits and inattention, such as 

those with ADHD, may form less durable task-sets during the task-switching paradigms 

employed by Sams et al. (2017). If task-sets are less durable during task performance, 

then the control processes underlying reconfiguration that normally promote successful 

switching from one task to the next, resulting in slowed RT, would not be needed to the 

same degree and, thus, switch costs would be reduced. Additionally, a less durable task-
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set would produce less persisting activation and, accordingly, less interference when it 

becomes inappropriate for the current task on a switch trial. As a result, task switches 

could be less laborious for those with ADHD, despite their difficulties with control 

processes (Boonstra et al., 2010, 2005; Bueno et al., 2017), than those without the 

disorder, resulting in what appears to be better task-switching performance. 

Consequently, poor task-set durability could contribute to those with ADHD switching 

between tasks more quickly and frequently relative to a control group. Moreover, those 

individuals with ADHD who report higher levels of executive dysfunction may have the 

weakest task-sets, resulting in even smaller switch costs and greater voluntary switching. 

One piece of evidence that appears consistent with this idea is that the smaller switch 

costs incurred by the ADHD group in Sams et al.’s (2017) work arose not only from 

faster RTs on switch trials but also slower RTs on non-switch trials relative to the control 

group. This pattern of performance would be expected from task-sets that produce less 

persisting activation while still being sufficient to support successful performance of 

simple tasks, like those used by Sams et al. (2017), such as deciding whether a number is 

even or odd. 

 One approach for investigating the idea that task-set durability in adults with 

ADHD could impact their task-switching performance in the manner described above, 

would be to utilize the same tasks as Sams et al. (2017) coupled with a manipulation of 

RSI, as RSI has been employed in previous studies investigating reconfiguration and 

proactive interference (e.g., Arrington & Logan, 2004, 2005; Demanet & Liefooghe, 

2014; Yeung, 2010). If adults with ADHD, particularly those who report greater 

executive functioning deficits, are not forming durable task-sets, greater time (i.e., longer 
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RSIs) for advance reconfiguration and lessening of interference from persisting activation 

processes should not benefit task-switching performance to the same level as for a non-

ADHD control group.   

The Current Study 

The current study was thus designed to both replicate the key findings of Sams et 

al.’s (2017) experiment examining voluntary task-switching in adults with ADHD and 

investigate the role of task-set durability in their voluntary task-switching. Similar to that 

initial study, participants consisted of two groups of college students: a control group and 

an ADHD group. Participants completed a variation of the task-switching measure used 

by Sams et al. (2017), consisting of single-task and voluntary task-switching blocks in 

which they made either a magnitude (lower/higher than 3) or parity (even/odd) judgement 

about a numerical stimulus. RSI was manipulated between task blocks so that participants 

completed an equal number of blocks at both short (100 ms) and long (1,000 ms) RSI 

lengths. Additionally, participants carried out an abbreviated version of the OSPAN task 

(Foster et al., 2015) to explore the relationship between task-set strength and working 

memory performance, as was done by Elisa et al. (2016). Whereas the original version of 

OSPAN consists of three blocks for each possible set size (discussed in more detail 

below), the shortened version uses only two blocks in order to reduce administration time 

and fatigue. Given Foster et al. (2015) have shown that this shortened version has 

comparable reliability and predictive utility to the standard form, the less fatiguing option 

was chosen to avoid overtaxing participants, particularly those with ADHD. 

It should be noted that the medication status of the participants with ADHD at the 

time of study participation was taken into account, but participants using prescribed 
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medications for their ADHD were not asked to refrain from taking their medication for 

ethical reasons. Although it is possible that medication status could have impacted the 

study’s results, the literature examining the effect of medication on improvement of 

executive functions and state regulation mechanisms in adults with ADHD has proven to 

be inconclusive (Advokat, 2010; Boonstra et al., 2005). Moreover, Sams et al. (2017) 

were successful in finding group differences in task-switching performance despite 

uncontrolled ADHD group medication status.  

To first investigate whether the current work replicated the results of Sams et al. 

(2017), task-switching blocks with an RSI length of 100 ms were examined as that was 

the RSI length utilized in that study. It was hypothesized that the ADHD group would 

again show the same pattern of seemingly better voluntary task-switching performance, 

which would include smaller RT switch costs and a higher overall switch percentage 

(frequency of switching) than the control group. Regarding the effects of RSI on task-

switching performance, it was expected that the control group would show smaller RT 

switch costs and greater switch percentages during the longer RSI blocks relative to the 

shorter RSI blocks. The ADHD group was hypothesized to also benefit from increased 

RSI length, but not to the same degree as the control group, which could be seen as 

indicative of inadequate task-set durability, as there would be less gain to be had from the 

increased preparation time.   

For the OSPAN task, it was hypothesized that the ADHD group would show 

poorer performance than the control group, as observed in individuals with high levels of 

inattention (Elisa et al., 2016). Additionally, poorer OSPAN performance in the ADHD 

group was expected to be related to smaller switch costs and greater switch percentages, 
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further suggesting a role of poor task-set durability in the task-switching characteristics of 

adults with ADHD. Finally, greater self-reported executive functioning deficits were 

expected to be associated with poorer OSPAN performance, as well as smaller RT switch 

costs and greater switch percentages for those with ADHD (i.e., a replication of Sams et 

al.’s [2017] findings).  
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METHOD 

Participants 

Study participants consisted of 40 undergraduate Introductory Psychology 

students at Wake Forest University who were assigned to either the control group or the 

ADHD group. Participant recruitment and group assignment were based on the 

participants’ responses to a series of screening questions about ADHD symptomatology 

administered as part of a larger survey, known as “Mass Testing,” that is given to 

students taking part in the Introductory Psychology Participant Research Pool at the 

beginning of each new semester. These questions included “Do you currently have a 

diagnosis of ADD/ADHD?” along with 11 items comprising the ADHD Index of the 

BDEFS (Barkley, 2011; described below, see also Appendix A). All questions were 

administered using the online survey software Qualtrics (Qualtrics Lab, Inc., 2018) and 

eligible participants were invited to take part in the study via the online sign-up software 

Sona Systems (Sona Systems Ltd., 2018). 

The control group consisted of 25 (Mage = 18.72, SDage = 0.54; 16 females) 

students who did not report a diagnosis of ADHD and scored below the 75th percentile on 

the ADHD Index of the BDEFS (M = 16.54, SD = 2.50) during Mass Testing. The 

ADHD group was composed of 15 (Mage = 19.20, SDage = 0.94; 6 females) students who 

reported a current diagnosis of ADHD and scored at or above the 75th percentile on the 
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ADHD Index1 (M = 27.79, SD = 5.96) during Mass Testing. Participants included in the 

ADHD group provided further information about their ADHD diagnosis and medication 

status at the time of study participation (see “Study questionnaires” section below). 

Across the ADHD group, the youngest reported age of initial ADHD diagnosis was 6 

years and the oldest was 20 with the most frequent age of diagnosis being 18. When 

asked about the source of their diagnosis, two participants reported being diagnosed by 

their primary care physician, 11 by a psychologist or psychiatrist, and one by a school 

counselor or learning assistance center. Participants were also asked to report the year of 

their most recent evaluation, with the earliest being 2014, the most recent being 2018, 

and the most frequent being 2017. Regarding medication status, nine individuals reported 

taking medication for ADHD at the time of the study; specifically, six reported last taking 

medication on the morning of their participation, two the day before their participation, 

and one the week before. Diagnosis and medication information was unavailable for one 

participant in the ADHD group. Data from two participants, one participant from each 

group, were excluded from all analyses because of a failure to adhere to instructions on 

the task-switching portion of the study. Participation in both Mass Testing and the study 

itself, which occurred during the months of March and April (Spring 2018 semester), was 

compensated by course credit.  

                                                           
1 A BDEFS ADHD Index score at the 95th percentile or above is used in clinical settings to 

indicate the need for further evaluation for ADHD. Sams et al. (2017) and the current work relied 

on self-reported diagnoses to classify participants as those with ADHD or controls along with the 

ADHD Index scores. In doing so, Sams et al. (2017) set the 92nd percentile as the cut off for 

inclusion in the ADHD group. However, due to an unusually small number of individuals who 

reported having ADHD in the Spring 2018 Participant Pool, the current study lowered the cutoff 

to be simply above the 75th percentile to try to achieve an adequate sample size for statistical 

analyses. Additional information about Sams et al.’s (2017) sample is available in Appendix B.  
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Materials and Procedure 

Barkley Deficits in Executive Functioning Scale (BDEFS; Appendix A). 

Adapted from Barkley (2011), the ADHD Index of the BDEFS-Long Form (BDEFS-LF) 

and the BDEFS-Short Form (BDEFS-SF) were used to assess ADHD symptoms and 

executive functioning difficulties.2 Participants were asked to indicate how often they 

have experienced each of 30 ADHD symptoms or executive functioning deficits (e.g., 

“Unable to inhibit my reactions or responses to events or others,” “Procrastinate or put 

off doing things until the last minute”) during the past 6 months on a 4-point Likert scale 

ranging from 1 (Never or Rarely) to 4 (Very Often). Items 1 through 11 constitute the 

ADHD Index of the BDEFS-LF, with higher summed scores indicating greater presence 

of ADHD symptoms, and, as mentioned, were administered at the time of Mass Testing. 

Item 1 and items 12 through 30 (BDEFS-SF) were administered at the time of study 

participation and provided the Executive Functioning Summary score, in which higher 

summed scores indicate greater executive functioning deficits. The internal reliabilities of 

both the ADHD Index of the BDEFS-LF and the BDEFS-SF for the current study, as 

measured by Cronbach’s alphas, were acceptable (αs = .90 and .93, respectively) and 

relatively consistent with the measures’ internal reliabilities (αs = .92 and .84, 

respectively) reported by Barkley (2011).   

Voluntary task-switching. The voluntary task-switching measure and 

specifications for stimuli presentation were adopted from Arrington and Logan (2004), 

and implemented using E-Prime 2.0 software (Schneider, Eschman, & Zuccolotto, 2012) 

                                                           
2 For both the current study, and that conducted by Sams et al. (2017), there is no way to know 

whether participants in the ADHD group who were taking medication reported the frequency of 

their ADHD symptoms and executive functioning difficulties according to their medicated or 

non-medicated state.  
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run on Lenovo ThinkPad laptop computers. The stimuli consisted of the digits 1, 2, 4, and 

5 presented in black on a white screen, and participants were asked to either indicate 

whether the presented number was lower or higher than 3 (magnitude) or whether it was 

even or odd (parity). Each digit measured 4mm x 6mm on the screen, and appeared until 

the participant made a response. After making a response, participants saw a blank screen 

before the next stimulus was presented. No limits were imposed on response time.  

Participants responded to each trial by pressing either the “D” and “F” keys with 

their left middle and index fingers for one task or the “J” and “K” keys with their right 

index and middle fingers for the other task on a QWERTY keyboard. The mapping 

between hand (left or right) and task (magnitude or parity) was counterbalanced across 

participants. Response keys were designated using labeled and colored stickers to 

indicate which key corresponded to each response option (yellow “lower,” green 

“higher,” red “even,” or blue “odd”). For the magnitude task, participants were instructed 

to make a judgement by pressing the yellow “lower” key (either “D” or “J,” depending on 

counterbalancing) if the presented number was less than 3 and the green “higher” key 

(either “F” or “K,” depending on counterbalancing) if the number was greater than 3. 

Participants were instructed to make a parity judgement by pressing the red “even” key 

(either “D” or “J,” depending on counterbalancing) if the number was even or the blue 

“odd” key (either “F” or “K,” depending on counterbalancing) if the number was odd. 

Participants were presented with 10 blocks of 48 trials each, modeled after the 

block design used by Mayr and Bell (2006). Instructions appeared on the screen prior to 

each block and progression through the blocks was self-paced. Prior to the start of the 

first block, participants were instructed to respond as quickly as possible when carrying 
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out each task. Blocks 1 through 4 were single-task blocks where participants completed 

the same task for all trials within a block. These blocks were used to both orient the 

participants to the two tasks and to provide baseline data for later comparisons. For 

blocks 1 and 2, participants were instructed to make a magnitude judgement and in 

blocks 3 and 4, they were instructed to make a parity judgment. 

Blocks 5 through 10 constituted the task-switching portion of the measure, which 

required participants to switch between the magnitude and parity tasks at their own 

volition. Participants were instructed to choose which task to complete as randomly as 

possible on a trial-by-trial basis, as if they were flipping a coin to decide which task to 

do, with the requirement that they attempt to do each task for approximately half of the 

trials. Specifically, participants were given the following instructions (adapted from 

Arrington & Logan, 2004) prior to beginning the task-switching trials: 

“For the next sets of trials, you will be mixing together the two previous tasks. You 

will only do one task for each trial (press one button for each number you see) and 

you have to choose which task to perform on each trial. You should perform each task 

on about half of the trials and should perform the tasks in a random order. For 

example, imagine that you had a coin that said Lower/Higher on one side and 

Even/Odd on the other. Try to perform the tasks as if flipping the coin decided which 

task to perform. So sometimes you will be repeating the same task and sometimes you 

will be switching tasks. We don’t want you to count the number of times you've done 

each task or alternate strictly between tasks to make sure you do each one half the 

time. Just try to do them randomly.” 

Instructions were also given reminding participants which responses corresponded 

to which keys. Prior to the start of each successive task-switching block, a shortened 
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version of the above instructions was presented as a reminder to switch between the tasks 

randomly. In addition, for both the single-task and voluntary task-switching blocks, RSI 

was varied between blocks with an equal number of blocks at both the short (100 ms) and 

long (1,000 ms) RSI lengths, and RSI block order was counterbalanced across 

participants.  

Study questionnaires. Once participants completed the voluntary task-switching 

measure, they were given several questionnaires to complete. They were first asked to 

report their age and gender (male, female, other, prefer not to respond), then 

administered the executive functioning questions comprising the BDEFS-SF, followed by 

some additional questions regarding ADHD status (for those who reported a current 

diagnosis of ADHD). Specifically, participants were asked: “Do you currently have a 

diagnosis of ADD/ADHD?”, “At what age were you initially diagnosed with 

ADD/ADHD?”, “When was your last diagnosis/evaluation for ADD/ADHD?”, “Who 

diagnosed you with ADD/ADHD?” (primary care physician, psychologist or 

psychiatrist, school counselor or school learning assistance center, other, unsure/don’t 

know), and “Do you currently take medication for ADD/ADHD?”, “If yes, when did you 

last take your medication?”. All questions were administered using the online survey 

software Qualtrics (Qualtrics Lab, Inc., 2018). 

Shortened operation span (OSPAN). The final portion of the study required 

participants to complete a shortened version of Unsworth et al.'s (2005) original OSPAN 

measure, created by Foster et al. (2015). Similar to the voluntary task-switching measure, 

shortened OSPAN was carried out using E-Prime 2.0 software (Schneider et al., 2012) 

run on Lenovo ThinkPad laptops. During OSPAN, participants were first presented with 
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a mathematical equation, such as “(1*2) + 1 = ?” and asked to solve it as quickly as 

possible. Upon doing so, participants then clicked the computer mouse, which resulted in 

the display of a possible solution to the equation (e.g., “3”), which they had to verify for 

accuracy by clicking one of two boxes labelled “True” or “False.” Following their 

response, a target letter appeared on the screen for 800 ms, which participants were asked 

to remember for later recall. The next trial was then immediately presented. Participants 

completed sets ranging in size from 3 to 7 equation-letter pairings. After each set, they 

were presented with a 3 x 4 grid consisting of both target and distractor letters (F, H, J, K, 

L, N, P, Q, R, S, T, and Y) and asked to recall the presented letters by clicking on each 

one in the order they had been presented. If participants forget a target letter, they were 

instructed to click a blank box. Accuracy feedback for both equation solving and letter 

recall was provided at the end of each set.  

Prior to beginning the experimental trials of OSPAN, participants completed three 

practice blocks. First, participants practiced the memory portion of the task alone by 

recalling sets of letters. They then practiced solving mathematical equations. Finally, they 

practiced combining the memory and equation portions of the task by completing three 2-

item sets of letter-number pairs. Following the practice blocks, the experimental portion 

of the measure, consisting of two trials for each set-length (3 to 7 items) presented in a 

pseudo-randomized order, was administered.  

Participants who failed to achieve 85% accuracy when verifying the equation 

solutions by either choosing the incorrect response or responding too slowly (i.e., RTs 

greater than 2.5 standard deviations above the participant’s average RT during the math 

only practice block) were excluded from data analysis. This was done to ensure that 
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participants were truly exerting sufficient effort on the processing portion of the task 

(Unsworth et al., 2005) while also trying to remember the letters. Memory performance 

for the letters (i.e., OSPAN score) was calculated using the partial credit unit procedure 

(Conway et al., 2005), which is composed of the total number of letters correctly recalled, 

regardless of set completion (e.g., a participant who correctly recalls 2 items in a set size 

of 2, 3 items in a set size of 3, and 3 items in a set size of 4 would receive an partial credit 

unit score of 8). Previous research has demonstrated that partial credit unit scores tend to 

provide more variability and yield significant correlations that are not observed when 

using the alternative absolute scoring method, which gives credit only for fully recalled 

letter sets (Prasad, Sonsire, Stewart, & Jennings, 2015; Sussman et al., 2016). 
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RESULTS 

Self-Reported Executive Functioning Deficits 

To confirm self-reported group differences in executive functioning prior to 

comparing performance on the more objective measures of executive processes (i.e., task-

switching and OSPAN) being studied, group means were compared for the BDEFS 

Executive Functioning Summary scores. As expected, and as was found by Sams et al. 

(2017), the ADHD group reported significantly more difficulty with executive 

functioning (M = 45.86, SD = 10.05) than the control group (M = 29.25, SD = 5.19),  

t(36) = -6.74, p < .001, one-tailed, d = 2.08. 

Task-Switching  

Single-task performance. Before examining participants’ task-switching ability, 

it was necessary to ensure that the two groups could perform equally well on the single 

task blocks (i.e., blocks that do not require switching) of the task-switching measure in 

terms of RT and accuracy performance. It should be noted that participants’ median RTs 

(measured in ms) from only correct responses were used for all RT data analyses. Given 

the simplicity of the tasks, it was expected that the control and ADHD groups would not 

differ in RT or accuracy, and that RSI would have no effect on the baseline single-task 

portion of the procedure. To test this idea, performance was averaged across the 

magnitude and parity tasks, then two 2 (group: control vs. ADHD) x 2 (RSI: 100 ms vs. 

1,000 ms) mixed-factors analyses of variance (ANOVAs) were conducted, one for RT 

(see Table 1) and the other for accuracy (see Table 2). Contrary to the predictions, there 

was a significant main effect of RSI, such that all participants, regardless of group, 

demonstrated faster RTs during long RSI blocks than short RSI blocks, F(1, 36) = 11.21, 
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p = .002, η2 = .24. The main effect of group was marginally significant, suggesting that 

the ADHD group may have been somewhat faster than the control group during single-

task blocks, regardless of RSI, F(1, 36) = 3.46, p = .071, η2 = .09. As expected, the group 

by RSI interaction was not significant, F(1, 36) = 0.40, p = .538, η2 = .01.  

 

Table 1          

          

Means and Standard Deviations for Reaction Time (ms) in Single-Task and Voluntary Task-

Switching Blocks (Non-switch and Switch Trials) as a Function of RSI Length 

       

Task Type   Control  ADHD 

   M  SD  M  SD 

Single-Task Blocks          

     Short (100 ms) RSI   508.64  86.83  472.61  78.25 

     Long (1,000 ms) RSI   481.19  71.28  432.63  43.01 

TS Blocks (non-switch trials)          

     Short (100 ms) RSI   580.54  139.55  648.42  246.73 

     Long (1,000 ms) RSI   561.74  103.69  587.10  130.69 

TS Blocks (switch trials)          

     Short (100 ms) RSI   933.27  217.09  907.33  193.71 

     Long (1,000 ms) RSI   756.29  206.42  698.80  139.52 

Switch Costs           

     Short (100 ms) RSI   352.73  203.05  258.92  182.61 

     Long (1,000 ms) RSI   194.56  178.82  111.70  93.38 

Note. ADHD = Attention Deficit/Hyperactivity Disorder. RSI = response-to-stimulus interval.      

TS = task-switching.  

N = 24 for Control and N = 14 for ADHD. 

 

Regarding accuracy (Table 2), no significant effects emerged, including the main 

effect of RSI, F(1, 36) = 2.70, p = .109, η2 = .07 and the group by RSI interaction,       

F(1, 36) = .012, p = .913, η2 = .00. The main effect of group was marginal, though still 
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non-significant, suggesting that the control group may have been more accurate in 

responding overall, regardless of RSI length, F(1, 36) = 3.52, p = .069, η2 = .09. These 

null results are generally consistent with predictions, as well as the results obtained by 

Sams et al. (2017) when comparing the control and ADHD groups on single-task blocks, 

again, likely due to the simplicity of the tasks.   

 

Table 2          

          

Means and Standard Deviations for Accuracy (Proportion Correct) in Single-Task and Voluntary 

Task-Switching Blocks (Non-switch and Switch Trials) as a Function of RSI Length 

       

Task Type   Control  ADHD 

   M  SD  M  SD 

Single-Task Blocks          

     Short (100 ms) RSI   .980  .020  .970  .030 

     Long (1,000 ms) RSI   .980  .020  .960  .030 

TS Blocks (non-switch trials)          

     Short (100 ms) RSI   .970  .020  .970  .020 

     Long (1,000 ms) RSI   .970  .040  .960  .040 

TS Blocks (switch trials)          

     Short (100 ms) RSI   .970  .040  .950  .040 

     Long (1,000 ms) RSI   .960  .050  .930  .070 

Switch Costs          

     Short (100 ms) RSI   -.005  .040  -.020  .050 

     Long (1,000 ms) RSI   -.0100  .040  -.040  .060 

Note. ADHD = Attention Deficit/ Hyperactivity Disorder. RSI = response-to-stimulus interval. 

TS = task-switching. 

N = 24 for Control and N = 14 for ADHD. 
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Task-switching performance. The initial set of analyses examining task-

switching performance was carried out to explore the effects of group and RSI 

manipulation on RT (Table 1) for switch vs. non-switch trials, as RT is a more sensitive 

measure of performance compared to accuracy, particularly given the simplicity of the 

tasks used in the current study. First, a 2 (group: control vs. ADHD) x 2 (trial type: non-

switch vs. switch) x 2 (RSI: 100 ms vs. 1,000 ms) mixed-factors ANOVA was conducted. 

As expected, it revealed a significant main effect of trial type, F(1, 36) = 73.92, p < .001, 

η2 = .67, where participants were slower on switch trials relative to non-switch trials (i.e., 

incurred switch costs) regardless of group or RSI length, indicating that the task-

switching paradigm did indeed produce the expected costs in switching performance. 

However, the hypothesized group x trial type interaction meant to reflect a 

replication of the effects found by Sams et al. (2017) showing “better” switching by 

participants with ADHD proved to be only near marginally significant, F(1, 36) = 2.74,           

p = .107, η2 = .07. Additionally, the three-way interaction proposed to indicate that 

manipulating RSI differentially impacts switch trial RTs across the groups was not 

significant, F(1, 36) = 0.05, p = .832, η2 = .001. Instead, a significant main effect of RSI 

was present, indicating that all participants, regardless of group, demonstrated faster RTs 

on long RSI blocks compared to short RSI blocks during both non-switch and switch 

trials, F(1, 36) = 55.70, p < .001, η2 = .61. Also, the two-way interaction between trial 

type and RSI was significant, F(1, 36) = 35.63, p < .001, η2 = .50. This interaction was 

explored further via two paired-samples t-tests, which indicated that longer RSIs 

particularly benefited RT on switch trials, t(37) = 9.35, p < .001, two-tailed, d = .95, more 

so than on non-switch trials, t(37) = 1.85, p = .073, two-tailed, d = .18, and is consistent 
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with previous results utilizing RSI manipulations (e.g., Liefooghe et al., 2009). All 

remaining effects were non-significant, including the main effect of group, F(1, 36) = 

0.002, p = .961, η2 = .00, and the group by RSI interaction, F(1, 36) = 1.41, p = .243,     

η2 = .04. 

In addition to assessing RT, studies of task-switching do evaluate effects on 

accuracy, although, as mentioned above, it is a less sensitive measure of performance 

relative to RT and often does not show significant effects, particularly when using simple 

number classification tasks (e.g., Arrington & Logan, 2004; Mayr & Bell, 2006) like 

those employed in the current study. Consequently, it was expected that any effects on 

accuracy in the current study would either reflect similar patterns to those observed with 

RT, albeit to a weaker extent, or be non-significant. To examine the effect of group and 

RSI on accuracy (Table 2) for non-switch and switch trials, a second 2 (group: control vs. 

ADHD) x 2 (trial type: non-switch vs. switch) x 2 (RSI: 100 ms vs. 1,000 ms) mixed-

factors ANOVA was conducted. Similar to the patterns that emerged for RT, yet 

unexpected based on the null effects for accuracy found by Sams et al. (2017), there was 

a significant main effect of trial type where participants were more accurate for non-

switch trials than for switch trials regardless of group or RSI length, F(1, 36) = 9.48,       

p = .004, η2 = .21. Additionally, a marginally significant main effect of RSI emerged, 

which, surprisingly, indicated that participants were somewhat more accurate for short 

RSI blocks than for long RSI blocks regardless of group or trial type, F(1, 36) = 3.85,      

p = .058, η2 = .10. The main effect of group was non-significant, F(1, 36) = 1.77,             

p = .192, η2 = .05. Also, no significant interactions emerged, including the three-way 

interaction, F(1, 36) = 0.12, p = .733, η2 = .003; the trial type by RSI interaction,          
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F(1, 36) = 0.55, p = .465, η2 = .02; and the group by RSI interaction, F(1, 36) = 0.41,      

p = .526, η2 = .01. The two-way interaction between trial type and group, however, did 

approach significance, suggesting that the ADHD group may have incurred greater 

accuracy switch costs than the control group, regardless of RSI length, F(1, 36) = 3.75,   

p = .061, η2 = .09.  

To test the hypothesis that the ADHD group would demonstrate “better” task-

switching performance as measured by a higher switch percent (replication of Sams et al., 

2017; Table 3), and see whether RSI length would affect the switch rate of the control 

group more than the ADHD group, a 2 (group: control vs. ADHD) x 2 (RSI: 100 ms vs. 

1,000 ms) mixed-factors ANOVA was conducted. Contrary to the predictions, the main 

effect of group was only marginally significant, F(1, 36) = 2.97, p = .093, η2 = .08, with 

the ADHD group switching at a higher rate than the control group, while the group by 

RSI interaction, F(1, 36) = 0.07, p = .792, η2 = .002, was not significant. The main effect 

of RSI, however, did turn out to be significant, suggesting that participants, regardless of 

group, switched more when the RSI length was long, F(1, 36) = 28.86, p < .001, η2 = .45. 

 

Table 3          

          

Means and Standard Deviations for Switch Percentage as a Function of RSI Length 

     

RSI Length   Control  ADHD 

   M  SD  M  SD 

Short (100 ms)   .28  .18  .39  .23 

Long (1,000 ms)   .36  .17  .47  .19 

Note. ADHD = Attention Deficit/Hyperactivity Disorder. RSI = response-to-stimulus interval. 

N = 24 for Control and N = 14 for ADHD. 
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Operation Span (OSPAN) Performance 

To examine the hypothesis that the ADHD group would recall fewer letters during 

OSPAN using the partial credit unit scoring method, as recommended by Conway et al. 

(2005), an independent samples t-tests was conducted. Contrary to the prediction, there 

was not a significant difference between the control group (M = 37.50, SD = 7.49) and 

the ADHD group (M = 40.29, SD = 5.37, t(34) = -1.30, p = .882, one-tailed, d = .43, 

suggesting that the groups did not differ on OSPAN performance. 

Correlations between Executive Functioning, Task-Switching, and OSPAN  

Correlational analyses focusing on the relationships between self-reported 

executive functioning deficits, OSPAN, and task-switching performance as measured by 

RTs and switch percentages were conducted (see Table 4). Accuracy was not used as an 

outcome variable for task-switching as these values fell within a narrow range, and no 

significant relationships with accuracy were found in earlier work (Sams et al., 2017). In 

an effort to assess whether previous results obtained by Sams et al. (2017) indicating 

“better” task-switching performance for those in the ADHD group who reported greater 

executive functioning deficits could be replicated, the relationships between the BDEFS 

Executive Functioning Summary scores and task-switching variables at the short RSI 

were examined. Contrary to predictions, there were no significant relationships between 

BDEFS Executive Functioning Summary scores and RT switch costs (i.e., switch trial 

RTs – non-switch trial RTs), r(12) = .16, p = .579, nor switch percentages, r(12) = -.20,              

p = .488, at the short RSI for the ADHD group. As expected, based on the results of Sams 

et al. (2017), the control group also did not demonstrate significant relationships between 
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BDEFS Executive Functioning Summary scores and switch costs, r(22) = .07, p = .750, 

or switch percentages, r(22) = .03, p = .896.  

At the long RSI, it was hypothesized that the ADHD group would show the same 

correlations between self-reported executive functioning deficits and task-switching 

performance measures as anticipated for the short RSI. However, the ADHD group again 

demonstrated no significant relationships between their BDEFS Executive Functioning 

Summary scores and RT switch costs, r(12) = .18, p = .533, or switch percentages,     

r(12) = -.21, p = .475. The control group also did not show any significant relationship 

between the BDEFS Executive Functioning Summary scores and RT switch costs,          

r(22) = .31, p = .141, or switch percentages, r(22) = -.09, p = .663, which was expected. 

 

Table 4          

          

Correlations Between Self-Reported Executive Functioning, Task-Switching, and OSPAN  

       

Variables   Control  ADHD 

   EF  OSPANa  EF  OSPAN 

Switch Costs          

    Short (100 ms) RSI    .07  -.12  .16  -.05 

    Long (1,000 ms) RSI   .31  -.16  .18  -.10 

Switch Percent          

    Short (100 ms) RSI   .03  .33  -.20  -.06 

    Long (1,000 ms) RSI   -.09  .15  -.21  -.04 

EF   --  .09  --  -.54* 

Note. ADHD = Attention Deficit/Hyperactivity Disorder. RSI = response-to-stimulus interval.               

EF = Executive Functioning Summary score. OSPAN = operation span.  

N = 24 for Control and N = 14 for ADHD.  
aN = 22 for all Control group OSPAN correlations. 

*p < .05 
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Self-reported executive functioning deficits and task-switching performance were 

also expected to be correlated with OSPAN performance. The expected negative 

relationship for the ADHD group emerged between the BDEFS Executive Functioning 

Summary scores and the OSPAN scores, such that participants who reported greater 

executive functioning deficits recalled significantly fewer letters during OSPAN,       

r(12) = -.54, p = .047. As anticipated, the control group did not demonstrate a significant 

relationship between BDEFS Executive Functioning Summary scores and OSPAN 

performance, r(20) = -.01, p = .951. 

For the ADHD group, poorer OSPAN performance was also expected to be 

associated with “better” task-switching (i.e., faster switching/smaller switch costs), 

regardless of RSI length. However, the ADHD group’s OSPAN performance was not 

significantly correlated with the RT switch costs at the short, r(12) = -.05, p = .856, or 

long RSI lengths, r(12) = -.10, p = .727. The corresponding correlations for the control 

group were not significant either, which was expected: short RSI switch costs,           

r(20) = -.06, p = .810, and long RSI switch costs, r(20) = -.09, p = .681.  

It was also hypothesized that participants in the ADHD group who recalled fewer 

letters during OSPAN would switch more at both RSI lengths. However, the ADHD 

group’s OSPAN performance was not significantly correlated with switch percentages at 

either the short, r(12) = -.06, p = .832, or long RSI, r(12) = -.04, p = .904. As expected, 

the control group also did not demonstrate a significant relationship between OSPAN 

performance and switch percentage at either the short, r(20) = .32, p = .153, or long RSI, 

r(20) = .13, p = .574. 
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DISCUSSION 

 The current study was designed for two main purposes. The first was to replicate 

previous research demonstrating seemingly better voluntary task-switching performance 

by individuals with ADHD (Sams et al., 2017). The second was to extend those findings 

by identifying a possible role for task-set durability as an explanation for why these 

patterns of performance emerged despite the presence of the type of executive 

functioning difficulties that are associated with adult ADHD and typically impair task-

switching performance (Boonstra et al., 2005; Lovejoy et al., 1999; Nigg et al., 2005).  

Participants diagnosed with ADHD in the current study reported greater executive 

functioning deficits than the control group, confirming the presence of executive 

dysfunction as part of their disorder. This higher endorsement of executive functioning 

deficits by the ADHD group is consistent with the findings of Sams et al. (2017), as well 

as other studies, such as Stern et al.’s (2017) work, where the majority of participants 

with ADHD reported a level of deficits that fell within the clinically impaired range.  

In addition, the voluntary task-switching paradigm used in the current study 

functioned as it should, irrespective of the hypotheses regarding group differences, given 

that the control group engendered the expected switch costs in performance. Control 

participants were both slower and less accurate on switch trials relative to non-switch 

trials, which is the general pattern for task-switching performance (Rogers & Monsell, 

1995). The efficacy of the paradigm was further exhibited by switch percentages below 

50% (the switch rate expected if task choice was truly random) for the control group, 

which is expected from previous studies using the voluntary paradigm (Arrington & 

Logan, 2004; Demanet & Liefooghe, 2014; Mayr & Bell, 2006). Thus, any conclusions 
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drawn from the current study can be based on the premise that the employed task-

switching paradigm was sound in regard to function.  

Unfortunately, and despite the paradigm functioning as expected, when 

comparing the ADHD and control groups on task-switching performance, the current 

study failed to replicate fully Sams et al.’s (2017) previous results of “better” task-

switching performance by the ADHD group. This was evidenced by the fact that the two 

groups did not differ significantly in RT switch costs during task-switching, although the 

general pattern was the same as that found by Sams et al. (2017) with the ADHD group 

performing faster on switch trials but slower on non-switch trials relative to the control 

group. Further, the marginally significant group difference for switch percentage suggests 

that the ADHD group did switch somewhat more than the control group, which is similar 

to Sams et al.’s (2017) study, but again, this result was not statistically significant.  

Regarding the expected effects of the RSI manipulation on task-switching, the 

manipulation behaved as it should: the control participants had smaller RT switch costs 

and switched more during long RSI blocks relative to short RSI blocks. Further, the long 

RSI length particularly benefitted RT (i.e., sped responding) on switch relative to non-

switch trials, which is commensurate with prior studies that have utilized different RSI 

lengths (Arrington & Logan, 2004, 2005; Liefooghe et al., 2009). Despite the successful 

manipulation of RSI though, the hypothesized differential effect of short versus long RSI 

length on group performance was not observed. The expectation that the ADHD group 

would show less of a performance benefit at the longer RSI length than the control group 

was not borne out as the groups appeared to benefit equally in both reaction time and 

switch percentage from the extended interval. 
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In addition, OSPAN performance, which was included to supplement any 

conclusions regarding RSI effects, did not differ between the groups. This is surprising 

given a) previous research has demonstrated poorer OSPAN performance by those with 

higher levels of inattention (Elisa et al., 2016), a characteristic that defines ADHD (Bush, 

2010), and b) working memory is an area of executive functioning found to be affected 

by ADHD using other measures (Lovejoy et al., 1999). It may be the case that the high-

functioning nature of the ADHD group studied here (see more below) played a role in 

their successful OSPAN performance. However, as expected, those in the ADHD group 

who reported more deficits in executive functioning did exhibit lower recall during 

OSPAN, but all other predicted relationships, including the associations between better 

task-switching performance and greater executive functioning difficulties, which would 

have replicated Sams et al.’s (2017) findings, did not emerge. 

Understanding the Failure to Replicate 

The reasons for the aforementioned discrepancies in results between Sams et al. 

(2017) and the current study are not entirely clear, although there are three possibilities. 

First, there are some differences in sample characteristics between the two experiments. 

Sams et al. (2017) used an inclusion criteria of a self-reported current diagnosis of 

ADHD along with scores at or above the 92nd percentile on the ADHD Index of the 

BDEFS in order for participants to be included in the ADHD group. For the current 

study, however, the cutoff was lowered to be at or above the 75th percentile. This was 

done in an effort to achieve an adequate sample size as only 26 students from the 

Introductory Psychology Participant Research Pool used for recruitment reported having 

an ADHD diagnosis, which is approximately half the number of eligible students seen in 
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previous semesters. Further, of those 26 potential participants, only 11 had ADHD Index 

scores at or above the 92nd percentile. While this criterion difference could play a role in 

the inconsistent results between the two studies (see Appendix B for additional 

information regarding Sams et al.’s [2017] sample), it does not entirely seem to explain 

the lack of replication. Supplementary analyses of data collected as part of Sams et al.’s 

(2017) work comprised of individuals diagnosed with ADHD who had BDEFS ADHD 

Index scores between the 75th and 92nd percentiles showed similar results, albeit less 

robust, to those obtained when using a cutoff score at or above the 92nd percentile. 

 In addition, the BDEFS Executive Functioning Summary scores for the control 

and ADHD groups from Sams et al. (2017) were compared to those in the current study. 

Although there was not a significant difference between the scores of the two ADHD 

groups, the control groups (who had equivalent inclusion criteria across both studies) 

exhibited a marginally significant difference (p = .108), whereby the current study’s 

control group reported more executive functioning difficulties than that of Sams et al. 

(2017). This combination of a lower inclusion criterion for the ADHD group coupled 

with greater executive dysfunction reported by the control group in the current study may 

have weakened the effects of interest, thus reducing the likelihood of replication. The 

observation that the current study’s pattern of results for switch costs (i.e., a nearly 

marginally significant effect with the ADHD group incurring smaller switch costs) and 

switch percentages (i.e., marginally significant effect of the ADHD group switching 

more) mimics those found by Sams et al. (2017) but failed to reach significance is 

suggestive of this possibility. 
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Second, lower power in the current study for the effects of interest may have had 

an impact on the failure to replicate Sams et al.’s (2017) results. The post hoc power 

estimates for the group differences in switch costs and switch percentages for the current 

study were .29 and .36, respectively, which are much lower compared to Sams et al.’s 

(2017) post hoc power estimates of .72 and .50, respectively. One obvious cause of this 

power issue stems from the smaller sample size for the ADHD group in the current study 

(N = 14) compared to that for Sams et al. (2017; N = 21). Further, the aforementioned 

greater executive functioning deficits reported by the current study’s control group 

relative to Sams et al.’s (2017), as well as the more lenient ADHD Index percentile 

cutoff, make the issue of a smaller ADHD sample potentially more problematic, as self-

reported group differences in executive functioning were slightly smaller, which may 

have served to weaken effect sizes. Additionally, less power in the current study may 

have stemmed from a difference in the paradigm design used here relative to that of Sams 

et al. (2017). That paradigm comprised four consecutive voluntary task-switching blocks 

with a 100 ms RSI for each one whereas the current study used three blocks of 100 ms 

RSI trials that were alternated with the 1000 ms RSI blocks. Including one less block of 

100 ms trials decreased the amount of data compared to Sams et al. (2017), potentially 

resulting in less reliable effects, as well as compounding the lack of power when coupled 

with a smaller sample size for the ADHD group. Although the sample sizes used in the 

current study were commensurate with those in other studies of adult ADHD (e.g., 

Dibbets et al., 2010; King et al., 2007), and group differences in performance might still 

be non-existent with larger sample sizes, increased power would at least provide more 

confidence in any conclusions drawn from the study’s results.  
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 In further considering factors that could explain why the current experiment may 

have failed to replicate Sams et al.’s (2017) findings, there is a third obvious difference 

between the two studies: addition of blocks with long RSIs. Given that whether the task-

switching measure started with the short or long RSI block first was counterbalanced 

across participants, one way to explore if carrying out the task-switching measure with 

longer RSI blocks affected how participants performed in the short RSI condition (i.e., 

the condition that should have replicated), is to explore the effect of RSI order on 

performance. To do so, the data were split by RSI order, and the group differences in RTs 

and switch percentages were examined. When analyzing the data for participants who 

were tested with the short RSI first, the results more closely resembled those found by 

Sams et al. (2017). Specifically, participants in the ADHD group (N = 7) incurred 

somewhat smaller switch costs (p = .059) and switched more (p = .033) than those in the 

control group (N = 13), patterns that were not observed for those who had the long RSI 

first (N = 7 for ADHD; N = 11 for control). Though the effect for switch costs is 

marginal, and the sample sizes for the groups are small when further divided by RSI 

order, these additional analyses suggest a possible performance difference when 

participants are given the long RSI first, which could be due to a learning or training 

effect.  

Being tested with the long RSI first may afford those participants additional 

practice with engaging the underlying preparatory processes that promote successful 

switching, such as reconfiguration of the active task-set and suppression of persisting 

activation from the inappropriate one, more fully. As a consequence, they are able to 

perform more quickly when given less preparatory time during the short RSI blocks. This 
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possibility of such a training effect is further hinted at by finding that RTs were faster 

overall for participants who were given the long RSI block first (p = .124), and 

particularly for switch trials at the short RSIs (p = .116), although these effects did not 

reach statistical significance. However, it must also be acknowledged that any effects 

associated with RSI order could be accounted for by the fact that the groups of 

participants being compared in these analyses were simply different from one another 

given the counterbalancing of RSI order was done across participants. Although, when 

looking at the individuals within each group who were presented with the short RSI first 

versus the long RSI first, there were no significant differences in the BDEFS Executive 

Functioning Summary scores or BDEFS ADHD Index scores for either the control (p = 

.387 and p = .746, respectively) or ADHD groups (p = .258 and p = .206, respectively).  

Finally, it is important to note that all of these potential reasons for failing to 

replicate the results of Sams et al. (2017) are based on the assumption that the results of 

that study were valid. It is possible though that Sams et al.’s (2017) data were not 

accurate and the null results obtained in the current study reflect the fact that no true 

differences exist between the voluntary task-switching performance of adults with and 

without ADHD. 

Implications of the RSI Manipulation 

Regardless of whether or not the results found by Sams et al. (2017) were valid, 

the null results for the second purpose of the current study, which was to see whether 

increasing RSI would have a differential effect on switching for the ADHD versus the 

control group, are clear. The effect sizes for group differences in performance as a 

function of RSI length were so small (e.g., η2 = .001 for the group x trial type x RSI 
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interaction for RT) that the RSI manipulation would be very unlikely to show a 

significant effect even if power was increased.  

Interpreting this lack of an RSI effect from the perspective that the results of Sams 

et al. (2017) were, in fact, accurate could suggest that identifying a role for task-set 

durability in “better” switching performance with ADHD cannot be done through a 

manipulation of RSI. That is, while the ADHD group may have less durable task-sets, 

which promote faster and more frequent switching by lessening the need for 

reconfiguration and interference from persisting activation, increasing RSI may not be the 

best means to test that idea. Instead, to evaluate a possible role for task-set durability in 

the performance of adults with ADHD, other manipulations of the voluntary task-

switching paradigm, or a different paradigm altogether, may need to be identified. 

However, given the complex nature of task-switching and the underlying processes that 

act on task-sets, identification of a capable investigatory method could prove difficult.  

Conversely, the non-existent RSI effect in the current study could suggest that the ADHD 

group’s “better” task-switching performance is related to a difficulty associated with the 

disorder that does not involve task-set durability and is thus not evident through a 

manipulation of RSI. 

It must also be considered, however, that the ADHD group from Sams et al. 

(2017) may have simply just been better at task-switching, and their performance was not 

due to any type of deficiency. As in Sams et al. (2017), the current study used a high-

functioning sample of young adults from an academically challenging private university 

who presumably have above average intelligence. Given individuals with ADHD have 

been shown to develop compensatory strategies, such as increased effort or repeated use 
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of new or alternate skills (Merkt, Reinelt, & Petermann, 2015), to manage tasks, such 

compensation may be further enhanced in those with above average intelligence and 

could help counteract the executive functioning deficits present in adult ADHD (Vidal 

Milioni et al., 2017). The presumed high-functioning nature of the current study’s ADHD 

group may be evident through their OSPAN performance, which was equal to that of the 

control group. Thus, the better task-switching performance by the ADHD group of Sams 

et al. (2017) may not actually reflect the influence of a deficit, such as the previously 

suggested lack of task-set durability, but rather a true advantage due to the combined 

benefits of above average intelligence and honed compensatory strategies. Consequently, 

it may be beneficial to extend studies of task-switching to less high functioning groups of 

individuals with ADHD, or those who have less ability to manage their symptoms. 

Conclusion 

In conclusion, the current study failed to replicate previous research 

demonstrating faster and more frequent voluntary task-switching by individuals with 

ADHD, particularly those who also reported greater difficulties with executive 

functioning (Sams et al., 2017). Additionally, manipulation of the preparatory interval 

between task-switching trials (RSI) was unsuccessful in elucidating a possible 

mechanism for the previously observed ADHD group performance. Although the effect 

of RSI manipulation on group performance differences was clearly absent, failure to 

replicate the findings of Sams et al. (2017) was possibly due to decreased power 

stemming from small sample sizes and less robust differences in executive functioning 

between groups, as well as paradigmatic disparities. Due to power issues, attempts at 

replication with larger sample sizes should be done to determine whether those with 



47 
 

ADHD do perform “better” on measures of voluntary task-switching and, if so, what 

factors may influence that performance.  
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APPENDIX A 

Barkley Deficits in Executive Functioning Scale (BDEFS) – Short Form 

plus ADHD Index of BDEFS – Long Form 

 

Instructions: How often do you experience each of these problems? Please circle the number next 

to each item that best describes your behavior during the past 6 months.  
 

  

Never 

or rarely 

Some-

times Often 

Very 

Often 

1. Procrastinate or put off doing things until the last minute 1 2 3 4 

2. Have trouble planning ahead or preparing for upcoming 

events 
1 2 3 4 

3. Have difficulty motivating myself to stick with my work and 

get it done 
1 2 3 4 

4. Have trouble completing one activity before starting into a 

new one 
1 2 3 4 

5. I have trouble organizing my thoughts 1 2 3 4 

6. Have difficulty stopping my activities or behavior when I 

should do so 
1 2 3 4 

7. Have difficulty changing my behavior when I am given 

feedback about my mistakes 
1 2 3 4 

8. Not aware of things I say or do 1 2 3 4 

9. More likely to drive a motor vehicle much faster than others 

(excessive speeding) 
1 2 3 4 

10. Likely to take short cuts in my work and not do all that I am 

supposed to do 
1 2 3 4 

11. Have to depend on others to help me get my work done 1 2 3 4 

12. Can’t seem to hold in mind things I need to remember to do 1 2 3 4 

13. Not motivated to prepare in advance for things I know I am 

supposed to do 
1 2 3 4 

14. Have trouble doing what I tell myself to do 1 2 3 4 
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15. Have trouble learning new or complex activities as well as 

others 
1 2 3 4 

16. Have difficulty explaining things in their proper order or 

sequence 
1 2 3 4 

17. Unable to “think on my feet” or respond as effectively as 

others to unexpected events 
1 2 3 4 

18. I don’t seem to process information as quickly or as 

accurately as others 
1 2 3 4 

19. Unable to inhibit my reactions or responses to events or 

others 
1 2 3 4 

20. Make impulsive comments to others 1 2 3 4 

21. Likely to do things without considering the consequences for 

doing them 
1 2 3 4 

22. Fail to consider past relevant events or past personal 

experiences before responding to situations (I act without 

thinking) 

1 2 3 4 

23. Do not put as much effort into my work as I should or than 

others are able to do 
1 2 3 4 

24. Others tell me I am lazy or unmotivated 1 2 3 4 

25. Inconsistent in the quality or quantity of my work 

performance 
1 2 3 4 

26. Unable to work as well as others without supervision or 

frequent instruction 
1 2 3 4 

27. Have trouble calming myself down once I am emotionally 

upset 
1 2 3 4 

28. Cannot seem to regain emotional control and become more 

reasonable once I am emotional 
1 2 3 4 

29. Cannot seem to distract myself away from whatever is 

upsetting me emotionally to help me calm down. I can’t 

refocus my mind to a more positive framework 

1 2 3 4 

30. I remain emotional or upset longer than others 1 2 3 4 
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APPENDIX B 

 Sams et al.’s (2017) ADHD group consisted of 21 individuals who reported a 

diagnosis of ADHD and scored at or above the 92nd percentile on the ADHD Index of the 

BDEFS (Barkley, 2011). Eight of these individuals participated in the study during the 

months of March and April (Spring 2017 semester) and the other 13 took part during the 

months of September and October (Fall 2017 semester). Information regarding age at 

diagnosis, who diagnosed them, date of their most recent evaluation, and the time that 

they last took their medication relative to their study participation was unavailable for the 

eight individuals who participated during the Spring 2017 semester. Of those who 

participated in the Fall 2017 semester, the youngest reported age of diagnosis was 8 

years, the oldest was 19, and the most frequent was 12. One individual reported being 

diagnosed by a primary care physician, 11 by a psychologist or psychiatrist, and one was 

unsure or did not know who made their diagnosis. The earliest reported last evaluation for 

ADHD was 2008, the most recent was 2017, and the most frequent was 2016. Fifteen 

participants in total (from both the Spring and Fall 2017 semesters) reported taking 

medication for ADHD at the time of study participation, and of those from the Fall 2017 

semester, nine reported taking medication the morning of their study participation with 

one individual last taking their medication the day before participation.  

  



56 
 

CIRRICULUM VITAE 

Katherine Sams 
 

EDUCATION____________________________________________________________________ 
 

2018  M.A. Psychology 
(Expected Wake Forest University 
  degree)  

  Thesis: Characterizing Task-Switching Performance in Adults with ADHD 
Advisor: Janine Jennings, Ph.D. 
 

Cumulative GPA: 3.95 
   

2014   B.A. Psychology with honors, summa cum laude  
Wake Forest University 
Major: Psychology 
Minor: Neuroscience 
 

Honors Thesis: Estimating PFC Activation Duration During Cognitive Reappraisal 
Advisor: Christian Waugh, Ph.D. 
 

Cumulative GPA: 3.88 
Major GPA: 3.87 
Minor GPA: 3.95 

 

HONORS & SCHOLARSHIPS________________________________________________________ 

 

2017-2018 Graduate Research Assistantship 

2017  Graduate Summer Research Support 

2016-2017  Graduate Teaching Assistantship 

2014-present Phi Beta Kappa 

2013-2014 Department of Psychology Honors Program 

2013-2014 TK Hearn Jr. Civic Responsibility Scholarship 

2013-2014 Follett Textbook Gift Card Scholarship 

2012-2014 Neuroscience Honor Society 

2012 Wake Forest University News Center: “Student + mentor = innovative cancer 

research” 

2011-2014 College Scholarship 

2010-2014 Dean’s List 

2010-2011 Kiwanis Leadership Scholarship 

 

 

 



57 
 

PRESENTATIONS & MANUSCRIPTS                                 ___________________________________ 

 

Sams, K. (2018). Characterizing task-switching ability in adults with ADHD (Unpublished master’s 
thesis). Wake Forest University, Winston-Salem, NC. 

 

Sams, K. V., Colburn, E. A., Osment, A. E., Colvett, J. S., McDonnell, S.C., & Jennings, J. M. (2018, 
March). Adult ADHD: Task-switching performance and executive functioning deficits. 
Poster presented at Graduate Research Day, Wake Forest University, Winston-Salem, 
NC.  

 

Sams, K. V., Colburn, E. A., Osment, A. E., Colvett, J. S., McDonnell, S.C., & Jennings, J. M. (2018, 
February). Voluntary task-switching performance and executive functioning deficits in 
adult ADHD. Poster presented at the North Carolina Cognition Conference, Chapel Hill, 
NC.  

 

Sams, K. V., Colburn, E. A., Butkevitz, N. M., Osment, A. E., Colvett, J. S., Friedman, J., & 
Jennings, J. M. (2017, November). Adult ADHD, executive functioning and cued vs. 
voluntary task-switching performance. Poster presented at the 58th Annual Meeting of 
the Psychonomic Society, Vancouver, BC. 

 

Colvett, J. S., Sams, K.V., Blumenthal, S. A., Gallitano, K. N., & Jennings, J. M. (2017, November). 
Assessing the relationship between media multitasking and task switching ability. Poster 
presented at the 58th Annual Meeting of the Psychonomic Society, Vancouver, BC. 

 

Waugh, C. E., Zarolia, P., Mauss, I. B., Lumian, D. S., Ford, B. Q., Davis, T. S., Ciesielski, B. G., 
Sams, K. V., & McRae, K. (2016). Emotion regulation changes the duration of the BOLD 
response to emotional stimuli. Social Cognitive and Affective Neuroscience, 11(10), 
1550-1559. 

 

Sams, K. (2014). Estimating PFC activation duration during cognitive reappraisal (Unpublished 
honors thesis). Wake Forest University, Winston-Salem, NC. 
 

Sams, K. (2014, May). Expanding emotion research horizons: Duration analysis in fMRI studies of 

cognitive reappraisal. Poster presented at Undergraduate Research Day, Wake Forest 

University, Winston-Salem, NC. 

 

Sams, K., Case, L.D., Naughton, M.J., Williford, S.K., Giguere, J.K., Garino, A., Vitolins, M., Shaw, 

E.G. (2012). Comparing three validated methods of patient self-reported fatigue in a 

prospective randomized clinical trial [abstract]. Poster session presented at American 

Society of Clinical Oncology, Annual Meeting in Chicago, Illinois. Journal of Clinical 

Oncology, 30 (suppl; abstr 9108). 

 

 

 

 

 



58 
 

RESEARCH EXPERIENCE___________________________________________________________ 

 

Student Co-Investigator 

Department of Psychology 

Wake Forest University 

2016 – present 

Responsibilities: I have been collaborating with Janine Jennings, Ph.D., in designing and 

executing a research project to characterize voluntary task-switching in individuals 

diagnosed with Attention-Deficit/Hyperactivity Disorder. Responsibilities include 

creating study protocol, programming the task-switching paradigm with the design 

package E-Prime, overseeing the running of participants, and analyzing data.  

 

Research Assistant/Student Intern 

Department of Biomedical Engineering 

Wake Forest University School of Medicine 

2017 

Responsibilities: I assisted with data collection for a study investigating the relationship 

between impact exposure and concussive injury in youth football players. 

Responsibilities included attending weekly practices and games to film athletes, 

recording data via the Riddell Head Impact Telemetry System, and monitoring player 

concussion status, as well as video coding at the end of the fall football season.  

 

Student Co-Investigator 

Department of Psychology Honors Program 

Wake Forest University 

2013-2014 

Responsibilities: I collaborated with Christian Waugh, Ph.D., in designing and executing 

a research project to investigate duration analysis of functional magnetic resonance 

imaging (fMRI) data in the prefrontal and amygdala regions of the brain during cognitive 

reappraisal. Responsibilities included preprocessing, mathematically modeling, and 

statistically analyzing fMRI data through the use of MATLAB (Matrix Laboratory) and 

SPSS (Statistical Package for the Social Sciences) software. 

 

 

 

 

 

 

 

 

 

 

 



59 
 

Student Primary Investigator 

Department of Counseling/Baptist Medical Center/Community Clinical Oncology Program   

        Research Base 

Wake Forest University 

2011-2013 

Responsibilities: I collaborated with professionals affiliated with various branches of 

Wake Forest University (see above) under the mentorship of Edward Shaw, M.D., M.A., 

to assess the psychometric properties of self-report measures of fatigue in breast cancer 

patients. Responsibilities included data analysis, the writing and submission of an 

abstract to the American Society of Clinical Oncology (ASCO), and presentation via 

poster at the 2012 ASCO Annual Meeting (Chicago, IL). 

 

Research Assistant 

Department of Psychology 

Wake Forest University 

2011-2013 

Responsibilities: I assisted with various projects in the Emotional Adaptation and 

Physiology Lab (EMOLAB), directed by Christian Waugh, Ph.D. Responsibilities included 

recruiting and scheduling participants, acting as a confederate, utilizing physiological 

data collection equipment (e.g., EMG, heart rate, skin conductance), and analyzing 

physiological data via Statistical Package for the Social Sciences (SPSS).  

 

Laboratory Assistant 

Gerontology and Geriatric Research Lab, Baptist Medical Center 

Wake Forest University 

2010-2011 

Responsibilities: My primary role was to assist the lab technicians with maintenance of 

lab equipment, organization of samples, and utilization of basic lab equipment for fluid 

samples associated with studies of older adults.  

 

WORK EXPERIENCE______________________________________________________________ 

 

Clinical Studies Coordinator 

Roena B. Kulynych Center for Memory and Cognition Research 

Wake Forest University School of Medicine 

2018 – present 

Responsibilities: I currently help coordinate multiple studies examining various factors 

related to cognitive impairment and Alzheimer’s Disease in older adults. Responsibilities 

include running participant visits, coordinating study personnel, and administering 

cognitive tests. 

 

 



60 
 

Graduate Research Assistant 

Roena B. Kulynych Center for Memory and Cognition Research 

Wake Forest University School of Medicine 

2017 – 2018 

Responsibilities: For my graduate assistantship, I administered and scored cognitive 

tests (including the Mini-Mental Status Exam and Montreal Cognitive Assessment) for 

older adult research participants with cognition ranging from normal to Alzheimer’s 

Disease. 

 

Graduate Teaching Assistant 

Wake Forest University 

Winston-Salem, NC 

2016 – 2017 

Responsibilities: I taught a lab section associated with the Research Methods course 

that all undergraduate psychology majors at Wake Forest University are required to 

take. Responsibilities included preparing weekly lab activities and assignments to 

compliment lecture material, instructing students on SPSS (Statistical Package for the 

Social Sciences), grading assignments and exams, and acting as a class and department 

resource for undergraduate students. 

 

Tutor 

Sloan Academics 

Winston-Salem, North Carolina 

2014-2016 

Responsibilities: I tutored elementary, middle, and high school-aged children in algebra 

and geometry, as well as provided guidance on organization and completion of 

schoolwork. I also gained experience working with children diagnosed with ADHD, social 

anxiety, depression, and trichotillomania.  

 

Office Manager 

Sloan Academics 

Winston-Salem, North Carolina 

2014-2016 

Responsibilities: Sloan Academics provides both tutoring and psycho-educational 

testing services to North Carolina residents under the ownership of William Sloan, Ph.D. 

My responsibilities varied on a daily basis, but generally, I gathered background 

information and scheduled appointments for psycho-educational testing clients, 

compiled test data and completed initial drafts of psychological reports, and acted a 

liaison between Dr. Sloan and other employees, psychologists and clients, and our office 

and external businesses.                           

 

 



61 
 

Resident Adviser 

Residence Life and Housing 

Wake Forest University 

2012-2014 

Responsibilities: I mentored and supervised freshman students, both broadly, in a 

building-wide setting, and intimately, on a single hall setting. Specific duties included 

enforcing university policies, coordinating communication between students and 

university organizations, and coordinating social, personal growth, and service 

programs. 

 

Head Student Equipment Manager 

Athletic Equipment Services 

Wake Forest University 

2011-2014 

Responsibilities: I oversaw the organization and preparation of athletic equipment for 

various sports teams (e.g., soccer, volleyball, field hockey) for both practices and games. 

Additionally, I acted as a liaison between upper equipment management and other 

student managers, as well as athletes and coaches.   

 

Preschool Teaching Assistant 

Forrest Burdette Memorial United Methodist Church, Children’s Outreach Ministries 

Hurricane, West Virginia 

2012, 2013 

Responsibilities: I taught children ages 3 to 5 in a classroom setting. Responsibilities 

included creating and conducting lesson plans, maintaining a daily activities schedule, 

preparing children for entrance into a traditional school setting, communicating child 

behavior and activities to parents, and providing a safe and effective learning 

environment. 

 

 


