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ABSTRACT 

ADHD is defined by behavioral symptoms that are not well characterized 
in relation to ADHD’s neurobiological mechanisms. This approach has 
limited our ability to define ADHD nosology and predict outcomes because 
it does not systematically examine facets of the disorder such as the 
inability to maintain cognitively effortful activities, as promoted in the 
NIMH RDoC approach. Existing data indicate ADHD is associated with 
differences in reward valuation and processing, but we do not know 
whether ADHD is also associated with higher levels of aversion to exerting 
cognitive effort and/or altered reward x effort interactions. Our ongoing 
study addresses this knowledge gap by examining individuals’ 
preferences between rewards associated with minimal effort and reward 
alternatives with a higher payoff but higher effort costs (“effort 
discounting”); thereby permitting us to characterize differences in biases 
and tradeoffs during effort-related decision-making in ADHD. The study 
takes advantage of a well-defined sample of ADHD-diagnosed and healthy 
control individuals to address three aims. First, we determine whether 
ADHD is associated with steeper discounting of larger, more effortful 
rewards. Second, we examine the subjective perception of effort in youth 
diagnosed with ADHD and healthy controls using tasks requiring varying 
levels of cognitive effort. Third, we explore relationships amongst indices 
of effort discounting, theoretically-related traits (e.g., grit, distress 
tolerance), biomarkers of effort-related decision-making (eye movements 
and pupil size), and various cognitive measures. Successful completion of 
the aims will permit us to better characterize ADHD-healthy control 
differences and lay a foundation for more computational approaches to 
ADHD diagnostic criteria. 
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ABBREVIATIONS 

ADHD, Attention Deficit Hyperactivity Disorder; ISI, Inter-stimulus 
interval; ms, milliseconds; NIMH, National Institute of Mental Health; 
RDoC, Research Domain Criteria 

INTRODUCTION 

The inability or reluctance to engage in cognitive (mental) effort is a 
cross-cutting feature of numerous psychopathologies and related to the 
Research Domain Criteria (RDoC) construct: Reward Valuation; 
subconstruct: Effort [1]. One such psychopathology, Attention Deficit 
Hyperactivity Disorder (ADHD), has been strongly associated with this 
RDoC construct, and it is a cardinal concern raised by parents, teachers, 
and ADHD-diagnosed individuals themselves. However, full 
characterization of the factors and mechanisms explaining the inability or 
unwillingness to remain engaged in specific activities such as schoolwork 
or homework is lacking, retarding our understanding of this disorder and 
the development of targeted interventions. 

In the last few years, interest in the neurobiological mechanisms 
underlying effort-related decision-making has been growing, but most of 
these studies have examined physical effort, rather than cognitive effort, 
e.g., squeezing handgrips [2–5], typing letter strings [6], finger tapping [7] 
and have focused on healthy control samples or rodent models. A single 
study, Mies et al. [8], compared decision-making preferences with physical 
effort in ADHD and healthy control samples, but reported no group 
differences. It is our contention that, although interesting information can 
be gained from studying physical effort, its correlation with decision-
making for cognitive effort is limited [9] and studies focused on cognitive 
effort are more likely to yield data that will enhance our conceptualization 
of the behavioral symptoms of ADHD.  

In terms of component cognitive mechanisms, previous research in 
ADHD has focused on reward valuation and reward processing [10,11], on 
control of sustained attention [12,13] and on executive function [14,15]. 
However, these approaches neglect to operationalize the critical 
component of cognitive effort, a central process model of both cognitive 
control [16] and reward valuation [17]. The present research will address 
this knowledge gap by adapting procedures successfully used to assess the 
role of delay on cognitive control of impatience and reward valuation: 
“delayed reward discounting” or more commonly “delay discounting” or 
“intertemporal choice”. Delay discounting procedures assess biases and 
tradeoffs when choosing between small, immediate rewards versus larger, 
delayed rewards [18], and meta-analyses indicate that ADHD is associated 
with heightened delay discounting [19,20]. Thus, it seems reasonable from 
a theoretical standpoint to use a similar procedure to examine individuals’ 
preferences between rewards requiring minimal cognitive effort and 
rewards with higher payoffs but higher effort costs (“effort discounting”). 
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The literature on “effort discounting” is significantly less developed than 
that for delay discounting and so there are no well-established procedures 
to manipulate cognitive effort used in this context. However, from a 
practical standpoint, it seems reasonable to expect that cognitive effort can 
be varied by manipulating requirements to engage and maintain 
executive functions, whether that be attention, updating/working memory, 
set-shifting or inhibitory processes [21].  

A few studies exist that support this expectation, although none 
examined individuals diagnosed with ADHD. Botvinick et al. [7] required 
subjects to choose between performing blocks of trials in which there was 
either a low- or high-cognitive-effort requirement, and effort was varied 
by requiring more frequent task-shifting between performing a 
magnitude judgment task and performing an ink-color identification 
(Stroop) task. Westbrook et al. [22] developed a task in which individuals 
performed an N-back memory task, then made decisions between small 
and large rewards associated with a low or high N-back requirement. Data 
from these studies, and research using hypothetical tasks [23], indicate 
that the subjective value of the larger, more effort-requiring reward 
decreases systematically as the cognitive effort level increases. 
Unfortunately, while these data support the idea that cognitive effort 
discounting can, in principle, be assessed in ADHD-diagnosed samples, the 
tasks themselves have disadvantages that make them less-than-ideal for 
measuring differences between potentially cognitively divergent samples: 
(1) there are practical limits to the number of levels of cognitive effort 
possible, which could make it difficult to equate subjective ratings of the 
cognitive effort demanded; (2) participants’ concern that they cannot 
perform the task accurately might drive choices, rather than the feeling 
that the task was do-able but that the participant did not want to put in the 
effort. These concerns are bolstered by a recent study by Hsu et al. [24] 
that examined the subjective discomfort reported by undergraduate 
students during the Paced Auditory Serial Addition Test [25]. Hsu et al. 
stated that participants who scored above threshold on the ADHD self-
report scale [26] reported more discomfort and more mental effort was 
required to perform the task and their performance was lower than that 
of individuals who scored below threshold. Further, in a follow-up study 
using only healthy controls, these researchers reported that ratings of 
discomfort in the same task were correlated but distinguishable from 
ratings of effort exerted [27]. Our proposed work will extend the approach 
used in those studies to different cognitive effort tasks and assess 
additional, subjective dimensions to shed light on the critical aspects of 
cognitive load driving cognitive effort discounting. We plan to use two 
types of cognitive effort in order to extend our understanding of the 
cognitive effort construct and to enhance the rigor of the research: 
sustained attention and working memory engagement.  
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Summary of Research Aims 

Aim 1: Determine whether ADHD is associated with heightened 
discounting of larger, more cognitively effortful rewards than found in 
healthy controls for tasks in which effort levels have been equated by 
matching subjective effort ratings.  

Aim 2: Examine the subjective perception of cognitive effort in youth 
diagnosed with ADHD and healthy controls using two tasks in which they 
are required to exert varying levels of cognitive effort over time (sustained 
attention, working memory).  

Aim 3: Explore relationships amongst indices of cognitive effort 
discounting, theoretically related traits such as grit [28] and distress 
tolerance [29], biomarkers of effort-related decision-making (eye 
movements and pupil size) and measures of cognitive function assessed 
during a separate visit as part of another study of the same participants.  

MATERIALS AND METHODS 

Recruitment and Eligibility 

All subjects are recruited from an ongoing research study at Oregon 
Health & Science University (ADHD heterogeneity, mechanisms, and risk 
profile; NIH R37 MH059105; PI: J. T. Nigg), which includes a healthy control 
cohort and an ADHD cohort. The healthy control cohort were identified in 
the Nigg research program as “typically developing” in that they had 
normal range IQ and no major psychiatric or medical problems, although 
they were allowed to have mild psychiatric disorders including anxiety 
disorders and dysthymia, to avoid a “super healthy” healthy control group. 
The ADHD cohort in the Nigg research program were identified as meeting 
diagnostic criteria for ADHD at baseline. Individuals represent the full 
range of race, ethnicity, and socio-economic characteristics of the local 
community in proportions similar to the local population.  

With the assistance of Dr. Nigg’s study team, our study will identify and 
recruit 96 healthy controls and 96 ADHD-diagnosed youth from these 
cohorts for a single study visit using the criteria provided in Table 1. 

Table 1. Study inclusion and exclusion criteria. 

Inclusion criteria  

 Currently enrolled in “ADHD heterogeneity, mechanisms, and risk profile” research study 

 Classified as a healthy control OR meeting DSM-5 [30] diagnostic criteria for ADHD by Dr. Nigg’s study team during recruitment to 
that study; verified at most recent visit for that study 

 Aged 16–21 years 

 Willing to undergo 48-h washout period for all ADHD medications prior to study visit 

 At least 8th grade English speaking and reading ability 

Exclusion criteria  

 Extensive nicotine use: smoke 10 or more cigarettes daily or vape nicotine daily 

 Currently pregnant 

 Substance use within 24 h of study visit: alcohol, amphetamine, methamphetamine, cocaine, benzodiazepines, or opiates  
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Study Design 

The main focus of the project is to compare preferences between 
rewards requiring minimal cognitive effort and rewards with higher 
payoffs but higher effort costs in ADHD-diagnosed and healthy control 
individuals using the Cognitive Effort Discounting Task (Aim 1). To 
enhance study rigor, participants will perform a cognitive effort task for 1 
minute prior to completing the discounting task (1 Minute Practice: Figure 
1), rather than merely imagine what it would be like to complete the effort. 
Also, we plan to examine two types of cognitive effort using two computer 
tasks: one requiring sustained attention and one requiring working 
memory to be continuously engaged. To control for the effects of fatigue, 
we will counterbalance the order in which the two types of cognitive effort 
are examined between participants. To equate subjective levels of effort 
between the ADHD-diagnosed and healthy control individuals in the 
Cognitive Effort Discounting Task, participants will perform six different 
variants of each cognitive effort task for 30-s each and rate the difficulty 
and the subjective effort required to complete each of them (Variant Task: 
Figure 1). This will allow us to compare subjective ratings between ADHD-
diagnosed and healthy control individuals for different stimulus 
presentation rates and durations (Aim 2). Block randomization will be 
used to vary parameter order between individuals so that all durations of 
stimulus presentation are examined for each inter-stimulus interval (ISI) 
before changing the interval. Initial ISI value will be counterbalanced 
between individuals. It is hoped that this will reduce variability in 
difficulty and effort ratings induced by successive contrast effects. To 
accomplish Aim 3, participants will complete a number of questionnaire 
measures. Further, eye tracking and pupil size will be monitored during 
the six different task variants in the Variant Task, and additional measures 
of cognitive and executive function will be drawn from assessments 
completed on a separate session as part of the Nigg research program.  

Study Visit Overview 

At the beginning of the study visit, every participant will complete a 
series of questionnaires delivered using Qualtrics Survey Software 
(Qualtrics.com): (1) the Global Unique Identifier questionnaire required as 
part of the NIMH data sharing plan, (2) a demographics questionnaire, (3) 
a health questionnaire including information about drug use history 
because this is known to affect delay discounting and so may also 
influence cognitive effort discounting [31,32], (4) an income questionnaire 
[33] to provide possible covariates for the Cognitive Effort Discounting 
Task which uses monetary rewards, and (5) the Morning-Eveningness 
questionnaire [34] to provide information about participant fatigue and 
the participant’s circadian cycle relative to the study visit time. Detailed 
descriptions of all measures are in the “Assessments” section. After 
completing these five assessments, the participant will begin the sequence 
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of activities associated with examining one type of cognitive effort 
(sustained attention or working memory).  

As shown in Figure 1, each sequence begins with the participant 
viewing a 20-s non-interactive sample of the cognitive effort task (Sample: 
Figure 1) so that they can become familiar with the stimuli and their 
presentation characteristics: ISI of either 750 or 1000 ms (matching the ISI 
selected to be used first in the Variant Task) and a Stimulus Duration of 
400 ms. Then the participant will complete the Variant Task. This task 
requires the participant to perform cognitive effort for 30 s under six sets 
of stimulus presentation characteristics: ISI (750 or 1000 ms) and Stimulus 
Duration (200, 400 or 800 ms). Following each 30-s variant, the participant 
will answer two questions using a 7-category Likert scale: “How much did 
you like doing the task?” and “How much mental effort was required?” 
The participant will then be provided with feedback about the 
performance accuracy for this variant. This feedback is shown after the 
Likert scales are complete, so that the performance feedback does not 
influence responses. Responses on the Likert scales will be used to identify 
the ISI and Stimulus Duration parameters associated with “moderate” 
mental effort requirements using an algorithm (Figure 2). Then the 
participant be instructed that they will perform the cognitive effort task 
for 1 minute using those stimulus presentation characteristics that they 
rated as “moderate effort” to re-acquaint themselves with the level of 
effort it requires (1 Minute Practice). Afterwards, the participant will 
complete the Cognitive Effort Rating Scale, which asks the participant to 
imagine that they had done that task for several different time periods (1, 
5, 10 or 20 min), their rating of the effort required, discomfort, liking and 
confidence they could perform the task with an accuracy of 80% or higher. 
Immediately following this, participants will complete a 144-question 
Cognitive Effort Discounting Task. 

To create a break between completing this sequence of tasks for one 
type of cognitive effort and the next sequence examining the other type of 
cognitive effort, the participant will complete questionnaires assessing 
trait measures of willingness to exert and maintain effort. Then, after 
completing the sequence of activities associated with assessing the other 
type of cognitive effort (Figure 1), one of the two Cognitive Effort 
Discounting Tasks will be selected at random. One question from the 144 
choices in that task will be randomly selected, and whichever alternative 
the participant chose on that question will be awarded (the small, no-effort 
alternative or the larger but effort-requiring alternative); although 
receiving the larger reward will be contingent on the participant 
successfully completing the specified cognitive effort requirement. An 
interval will be imposed before the participant is debriefed and receives 
the study payment so that selecting the no-effort alternative will not 
enable them to leave the study earlier than anyone selecting the largest 
cognitive effort requirement.  
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Figure 1. Sequence of steps to examine each type of cognitive effort. 

 

Figure 2. The algorithm to convert an individual’s rating for “How much mental effort was required?” in 
the Variant Task into the ISI and Stimulus Duration values for use in the 1 minute practice and the Cognitive 
Effort Discounting Task. All ISI and Stimulus Durations are in ms. 
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IRB approval  

Initial ethical approval for this study (STUDY00019831) was obtained 
by the Institutional Review Boards of Oregon Health & Science University 
on 5/9/2019. 

Assessments 

Questionnaire measures of participant characteristics 

GUID Questionnaire: Includes participant’s first/middle/last name, sex, 
date of birth and city of birth as noted on their birth certificate. 
Questionnaire is included to ensure anonymous identifier can be created 
for each subject, allowing submission of data to the National Institute of 
Mental Health Data Archive.  

Demographics Questionnaire: Includes 6 items to gather basic 
participant information on age, gender, race and ethnicity, educational 
level and socioeconomic status (single item based on the MacArthur Scale 
of Subjective Social Status [35]). 

Morning-Eveningness Questionnaire [34]: Includes 19 items to gauge 
participant preferences for activity at various times of day, e.g., “What 
time would you get up if you were entirely free to plan your day?” 
Questionnaire also provides insight into participant’s perceived levels of 
tiredness, alertness and willingness to engage in various actives 
throughout the day, e.g., “During the first half hour after you wake up in 
the morning, how tired do you feel?”  

Income Questionnaire (based on Brandstätter & Brandstätter [33]): 
Includes 12 items to assess the participant’s current income level, personal 
beliefs regarding money including degree of agreement with statements 
such as “Money should be spent, not saved” and hypothetical questions to 
assess the subjective value of some of the monetary rewards offered in the 
effort discounting task, e.g., “Imagine you have won $50 in the Lotto. How 
intense would be your joy?” using a 9-item Likert scale.  

Health Questionnaire: Includes 28 items to obtain a summary of the 
participant’s lifetime and recent (30-day) recreational drug, medication 
use and overall patterns of well-being, e.g., sleep quality and exercise 
habits.  

Questionnaire measures of willingness to exert effort  

Distress Tolerance Scale [29]: Includes 14 statements related to the 
ability to tolerate emotional distress, e.g., “I’ll do anything to avoid feeling 
distressed or upset” rated on a 5-item Likert scale. 

Persistence, Perseveration and Perfectionism Questionnaire [36]: 
Includes 22 statements related to self-perceptions about task completion, 
e.g., “Once I have decided to do something, I keep going until I reach my 
goal” rated using 5-item Likert scale. 
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12-Item Grit Scale [28]: Includes 12 items examining perseverance of 
effort and consistency in maintaining goals, e.g., “I am a hard worker” 
rated using a 5-item Likert scale.  

Brief Need for Cognition [37,38]: Includes 18 statements relating to 
preference for engaging in cognitive activities, e.g., “Thinking is not my 
idea of fun” rated using 9-item Likert scale.  

Nigg research study: cognitive measures 

Stop Signal Task [39,40]: Computerized task in which either an X or O 
stimuli appears on the screen, which the participant responds to with a 
key press. Throughout the task, a tone occurs intermittently indicating the 
participant must refrain from making the key press.  

Spatial Span Task [41]: Computerized task in which circle stimuli are 
shown one at a time within a grid in various locations. Once all stimuli 
have been presented, the participant is required to click on the grid boxes 
in either the order the circles were presented (spatial span forward) or the 
reverse order in which the circles were presented (spatial span backward).  

Continuous Performance Task [42,43]: Computerized task in which 4-
digit numbers are shown sequentially on the screen. The participant is 
required to respond when the current number matches the previous one.  

Reproduction of Interval by Finger Tapping [44–46]: Computerized task 
in which a sequence of several tones are played for the participant with 
varying intervals between each tone. The participant is required to tap a 
button in pace with the tones while they are played and then continue to 
tap in the same sequence after the tones end. 

Wechsler Intelligence Scale for Children—Fourth Edition [47]: A 
standardized, written task used to identify intellectual ability level and 
intelligence quotients for children.  

Cognitive effort tasks 

Sustained Attention Task: White arrows are displayed on a grey 
background on the computer screen in various locations (←↑→↓; Figure 
3A). Participants are asked to match each arrow stimulus presented on the 
screen with a corresponding arrow key press.  

Working Memory Task: White lower-case letters are displayed on a 
grey background at the center of the computer screen (Figure 3B). 
Drawing from the well-established working memory task, the N-back [48], 
participants will determine if the current letter presented on the screen is 
the same or different from the letter displayed immediately before (N = 1, 
1back). Participants will press the left arrow key to indicate the letters are 
different and the right arrow key to indicate the letters are the same. 
Sequences will be used in which the same response is correct for 
approximately 30% of stimuli.  

For both tasks, the participant will be able to change from one response 
to another without penalty, though each key press is recorded. Responses 
after the stimulus is no longer displayed are recorded, and the final 

J Psychiatry Brain Sci. 2020;5:e200027. https://doi.org/10.20900/jpbs.20200027 

https://doi.org/10.20900/jpbs.20200027


 
Journal of Psychiatry and Brain Science 10 of 20 

response prior to the display of the next stimulus is the one that is scored 
as correct or incorrect.  

 

Figure 3. Stimulus presentations on the participant’s computer monitor (stimuli enlarged relative to 
monitor size for illustration) and correct responses for the Sustained Attention Task (A) and for the Working 
Memory Task (B). 

Questionnaire measures of cognitive effort in the cognitive effort tasks  

Variant Questionnaire: Includes 2 items rated using a 7-item Likert 
scale. Both will be asked after each of the six ISI-Stimulus Duration 
variants in the Variant Task: “How much did you like doing the task?” (1 = 
“very unpleasant”, 4 = “neutral” and 7 = “very enjoyable”) and “How much 
mental effort was required?” (1 = “none” and 7 = “a lot”). 

Cognitive Effort Rating Scale: Includes 4 items assessing perceived task 
liking (“very unpleasant” to “pleasant”), discomfort (“none” to “a lot”), 
cognitive effort required (“none” to ‘a lot”), and confidence in their 
performance with ≥80% accuracy (“absolutely sure I could not” to 
“absolutely sure I could”) rated using a 7-point Likert scale. Participants 
will answer these 4 questions while imagining they had performed the 
cognitive effort task for four durations (1, 5, 10 and 20 min).  

Cognitive effort discounting task 

The task is based on delay discounting tasks developed previously by 
Mitchell [2,3,49]. Participants are asked “At this moment, what would you 
prefer?” and choose between two alternatives: (1) a large amount ($10, $25 
or $50) available for performing cognitive effort for some specific duration 
(1, 5, 10 or 20 min) and (2) a small amount of money available with no 
effort (12 values spanning $0 to a value larger than the effort-requiring 
amount: $11, $26, $55). This yields 144 questions (3 amounts, 4 effort 
levels, 12 no-effort values). For each question, we will record the preferred 
alternative, and the time taken to make the decision. 
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Eye tracking and pupillometry monitoring  

Eye movements and pupil size will be collected during the Variant Task 
and the Cognitive Effort Discounting Task for each type of cognitive effort 
using a Gazepoint GP3 HD eye tracker (https://www.gazept.com/) running 
Gazepoint Control Panel v.6 and iMotions v8.2 (https://imotions.com/). 

All periods of eye-tracking begin a 9-point iMotions-based calibration. 
Baseline pupil size data are recorded during a countdown period 
preceding each of the six ISI-Stimulus Duration variants of the Variant 
Task (<5000 ms) and during the blank screen (1000 ms) prior to each choice 
question during the Cognitive Effort Discounting Task. These baseline data 
will be used as a correction factor when calculating pupil sizes in response 
to the putatively different effort levels required in the Variant Task and 
during decision-making in the Cognitive Effort Discounting Task. We will 
also record eye movements and gaze durations during the Cognitive Effort 
Discounting Task to determine: (1) which alternative is inspected first, (2) 
number of times each is inspected, (3) the time spent gazing at each, and 
(4) time spent gazing at other locations on the screen. 

DATA ANALYSIS PLAN  

Sample Size and Power Analysis 

With the assistance of Dr. Nigg’s study team, we will identify and recruit 
96 healthy controls and 96 ADHD-diagnosed individuals. Each group will 
be 50% female so that analyses can include gender as a factor. Because 
these individuals have detailed demographic histories from the parent 
study, groups should be roughly similar in terms of psychopathological 
characteristics other than ADHD diagnosis.  

Power analyses, driven by Aim 1 (determine whether ADHD is 
associated with heightened discounting of larger, more effortful rewards 
than healthy controls), were performed using preliminary data from the 
Cognitive Effort Discounting Task. GPower software indicated that a 
sample of 48 subjects/group would be sufficient to enable us to detect 
small-to-moderate effect sizes (d = 0.2, α = 0.05, 1 − β = 0.8) using between 
group ANOVA, coupled with post hoc tests to examine group and gender 
differences. Moderate effect sizes seem likely given that effect sizes in 
delay discounting studies are >0.4 [19]. Further, group sample sizes (N = 
96) would allow the use of multiple mediator models to examine relations 
amongst variables in Aim 3, if gender were disregarded. 

Aim 1 Analysis Plan  

Quantification of the Cognitive Effort Discounting Task will use 
procedures developed in our lab [2]: the amount of money at which 
participants are indifferent between effortless money (“reward with no 
effort”) and effortful money will be calculated (the indifference point) for 
each effort level (1, 5, 10 and 20 min). Indifference points will be examined 
for systematicity [50]. Individuals with nonsystematic functions may be 
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removed, though ADHD may be associated with a larger incidence of 
nonsystematic data, which would deplete our sample sizes and cause us to 
simplify our analyses, perhaps by collapsing over gender. However, delay 
discounting data generated during the parent study [51,52] has shown 
similar levels of nonsystematicity between ADHD and healthy control 
samples, so this is not viewed as a concern. To better quantify the effort 
discounting function, we will fit a hyperbolic function [53], which is often 
used to describe delay discounting. At this time, it is unclear that 
individuals’ indifference points would be best described by this function 
or some other (e.g., Hartmann et al. [54] suggest parabolic functions are 
superior for physical effort discounting), so we will calculate the 
normalized area under the discounting curve [AUC], as described by 
Myerson et al. [55], and may explore other function fits as outlined in the 
literature [9,56].  

Depending on goodness-of-fit indices (e.g., Akaike Information 
Criterion), a determination about the most descriptive index of 
discounting will be made. ANOVAs (between groups: Group and Gender) 
and within subjects (Reward size) will be used to examine whether ADHD 
is associated with heightened discounting of larger, more effortful 
rewards than healthy controls in these tasks that have been matched for 
subjective effort ratings, and whether these differences are moderated by 
Gender and/or by Reward size. To explore whether performance accuracy 
during the 1 minute practice contributes to effort discounting, ANCOVAs, 
with accuracy as the covariate, will also be conducted with the same factor 
structure as the primary ANOVAs. If appropriate discounting summary 
indices cannot be identified, mixed model logistic regression models will 
be used [57] to examine factors accounting for choice of the small, no-
effort or the larger, effort requiring alternative (Group, Gender, Reward, 
Effort level). Cognitive effort types will be examined separately, though 
differences are not anticipated, similar findings for each will enhance the 
robustness of conclusions that can be drawn about factors influencing 
choice. Prediction: ADHD will be associated with heightened discounting 
over a range of rewards sizes compared to healthy controls, even when 
parameters are adjusted so both groups rate the effort required as equally 
subjectively demanding. 

Aim 2 Analysis Plan  

Using an analysis pipeline similar to Hsu et al. [24,27], we will analyze 
the Likert data generated for perceived effort required and task liking, 
using mixed factor ANOVAs with Group (ADHD/healthy control), Gender 
(male/female), ISI and Stimulus Duration as factors, for each type of 
cognitive effort. These analyses will allow us to examine whether the 
subjective perception of effort in youth diagnosed with ADHD is higher 
than for healthy controls under the same ISI and Stimulus Duration 
conditions. Regression models will be used to examine the contributions 
of discomfort and effort exerted to task liking for each Group and Gender. 
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Prediction: ADHD individuals will rate the subjective effort involved in 
these tasks as higher than controls at equivalent objective effort 
requirements. Analyses of these subjective ratings will indicate that there 
are Group × Gender × Effort Level interactions, rather than a simple 
Group-based effect. 

Aim 3 Analysis Plan  

Summary indices of effort discounting will be used from the Aim 1 
analysis. Group and gender differences will be assessed using ANOVAs on 
the trait measures of willingness to exert effort (grit, distress tolerance, 
etc.), pupil sizes and gaze durations will be calculated for periods when 
subjects are gazing at the effortful alternative and it was subsequently 
chosen or rejected. Supplementary ANOVAs will examine the effects of 
Effort level and Reward size on pupil size and gaze durations to determine 
whether group and gender moderate the effects of these variables as might 
be expected from literature [58]. If Groups differ considerably on 
subjective effort ratings for the cognitive effort task, a regression approach 
will be substituted that includes this rating as a covariate. To explore 
relations amongst indices of effort discounting, theoretically-related traits, 
pupillometry and gaze data, and measures of cognitive function assessed 
on a separate session as part of the Nigg research program, multiple 
mediator models will be created to identify factors contributing to effort 
discounting, and whether models are independent of Reward Size and 
Effort type. Depending on final sample characteristics, age may be 
included in these models. By creating a model for one effort type, we can 
assess its ability to fit data for the other cognitive effort type, enhancing 
the generality of our conclusions if the same factors influence behavior, 
and raising more questions and directions for future behavioral and 
nosological research if they do not. Prediction: trait variations will not 
account for differences in cognitive effort discounting, but relationships 
with other cognitive capacities and pupillometry data will identify factors 
associated with heightened effort aversion and altered Reward × Effort 
Level interactions for both ADHD and healthy control groups, and genders.  

DISCUSSION 

The research proposed for this study includes three highly innovative 
elements to explore the dynamics of cognitive effort in pursuit of a better 
understanding of ADHD and possibly to other psychopathologies 
characterized by limitations of their willingness to exert cognitive effort.  

First, while interest in effort discounting is growing, most existing tasks 
vary effort by making the task requirements more difficult in ways that 
simultaneously increase the possibility of failure [22]. This research 
project focuses on increasing the duration that an executive function must 
be engaged, innovatively manipulating effort while ensuring that selection 
of the high effort alternative is not driven by a fear of inaccurate 
performance resulting in not earning the larger reward. This method also 
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has more relevance for the concerns raised in connection to ADHD-
diagnosed individuals and their inability to remain on-task. The 
experimental approach in the proposed research, i.e., the examination of 
the role of willingness to exert cognitive effort on ADHD-diagnosed 
individuals and healthy controls, is highly novel. As noted earlier, to our 
knowledge, in ADHD, only one study has examined physical effort-related 
decision-making [8] but no studies have examined cognitive effort. 
Consequently, successfully completing Aim 1 (determine whether ADHD is 
associated with heightened discounting of larger, more effortful rewards 
than healthy controls) supports future research to explore the 
psychosocial, neural, and genetic mechanisms underlying the differences 
between willingness to exert effort in ADHD, but also in other 
psychopathologies, and case-matched, healthy controls.  

Second, while the theoretical concept of cognitive [mental] effort has 
been previously discussed in connection with psychopathology and is 
recognized in the RDoC, very little research has attempted to move this 
concept from the qualitative to the quantitative realm, as proposed in this 
study. The methodology under-development in this project is highly 
innovative with the intention of elucidating the mechanisms underlying 
the concerns faced by these clinical populations in a novel way. By 
systematically examining the effect of changes in the ISI and Stimulus 
Duration parameters on performance on the cognitive effort tasks, as well 
as the subjective ratings of effort, we hope to provide a methodology to 
permit responses to sustained attention and working memory loads to be 
quantified under Aim 2 (examine the subjective perception of cognitive 
effort in youth diagnosed with ADHD and healthy controls). It is possible 
that participants will be insensitive to differences between the six 
combinations of ISI and Stimulus Durations, and will rate all as requiring 
similar levels of cognitive effort. To guard against this possibility, we plan 
to compare the subjective ratings of effort for the six variants after 18 
participants have been completed using tests of equivalence [59]. If 
variants are rated similarly, we will shorten the shortest ISI by 50 ms and 
lengthen the longest Stimulus Duration by 50 ms, and reassess variant 
ratings after further 18 participants. This adjustment algorithm will be 
applied until ratings of subjective effort for the different variants are no 
longer similar.  

Third, successful completion of Aim 3 (examine relationships amongst 
indices of effort discounting, theoretically-related traits, biomarkers of 
effort-related decision-making and measures of cognitive function from 
the parent study) will tie the results to the larger ADHD literature and 
provide additional scientific justification for future studies of neural 
mechanisms and interventions. Further, it is our hope that the inclusion 
of two distinct cognitive tasks (sustained attention and working memory) 
in conjunction with the range of cognitive measures from the parent study 
may provide insight into the largely entangled executive function 
processes underlying both tasks, providing a more nuanced view of the 

J Psychiatry Brain Sci. 2020;5:e200027. https://doi.org/10.20900/jpbs.20200027 

https://doi.org/10.20900/jpbs.20200027


 
Journal of Psychiatry and Brain Science 15 of 20 

cognitive markers of ADHD and the cognitive limitations that vary widely 
across individuals with the disorder. 

The study design has a number of potential limitations. First, as with 
any quasi-experimental study, the ADHD-diagnosed and healthy control 
individuals may differ in ways that are related to their group membership 
that affect cognitive effort discounting, for example, differences in the 
types and severity of co-morbid conditions like depression and co-
occurring use of substances/medications. The Health Questionnaire will 
provide some data about these sources of group differences and permit 
some exploratory analyses of the robustness of effects when participants 
are omitted. However, such analyses would only provide a foundation to 
justify future research, rather than provide a definite answer to the role 
of these comorbidities in differences in effort discounting. A second study 
limitation is that if group differences in effort discounting are primarily 
due to differences in perceived difficulty, our plan to control for perceived 
difficulty level by matching groups on these ratings may eliminate group 
differences in cognitive effort discounting. However, such a lack of 
differences is still informative and suggest that the neuropsychological 
processes involved in devaluation of effortful rewards are not different 
between groups; rather differences reported outside the laboratory are 
driven by ADHD-diagnosed individuals perceiving the cognitive effort 
costs as higher.  

CONCLUSIONS 

A “dislike of mental effort” is a diagnostic criteria for ADHD, a trait 
closely associated to attention and working memory (constructs in the 
RDoC domain: Cognitive Systems and Reward Valuation; subconstruct: 
Effort [1]). However other disorders are also characterized by related 
constructs such as cognitive fatigue and apathy, such as depression, 
making a disrupted willingness to exert cognitive effort a potentially trans-
disease process. This project will provide a quantitative description of 
cognitive effort-related decision-making that can be used to advance our 
understanding of ADHD, including identifying distinctions between 
different ADHD subtypes, as well as these other disorders. We anticipate 
that this research will provide a foundation on which to create more 
refined methodologies to examine willingness to engage in cognitive effort 
that can easily be implemented in other psychiatric populations.  

DATA AVAILABILITY 
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