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Are correlations among behavioral decision making tasks moderated by
simulated cognitive impairment?

Melissa T. Buelowa, Wesley R. Barnhartb , Thomas Crooka, and Julie A. Suhrc

aDepartment of Psychology, The Ohio State University, Columbus, OH, USA; bDepartment of Psychology, Bowling Green State University,
Bowling Green, OH, USA; cDepartment of Psychology, Ohio University, Athens, OH, USA

ABSTRACT
Behavioral decision making tasks are common in research settings, with only the Iowa Gambling
Task available for clinical assessments. However, correlations among these tasks are low, indicating
each may assess a distinct component of decision making. In addition, it is unclear whether these
tasks are sensitive to invalid performance or even simulated impairment. The present study exam-
ined relationships among decision making tasks and whether simulated impairment moderates
the relationships among them. Across two studies (Study 1: n¼ 166, Study 2: n¼ 130), under-
graduate student participants were asked to try their best or to simulate a specific diagnosis
(Attention-Deficit/Hyperactivity Disorder; Study 1), decision making impairment (Study 2), or gen-
eral cognitive impairment (Study 2). They then completed a battery of tests including embedded
and standalone performance validity tests (PVTs) and three behavioral decision making tasks.
Across studies, participants simulating impairment were not distinguishable from controls on any
of the behavioral tasks. Few significant correlations emerged among tasks across studies and the
pattern of relationships between tasks did not differ on the basis of simulator or PVT failure status.
Collectively, our findings suggest that these tasks may not be vulnerable to simulated cognitive
impairment, and that the tasks measure largely non-overlapping aspects of decision making.
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Behavioral decision making tasks are increasingly used in
both clinical and research settings to identify decision mak-
ing impairments across various psychological and neuro-
logical disorders. Although decision making is an executive
function (e.g., Clark et al., 2001; Roca et al., 2008) and is
linked to the frontal lobe (Adinoff et al., 2003; Ernst et al.,
2002; Pletzer & Ortner, 2016), performance on decision
making tasks does not always correlate with performance on
other executive function tasks (Bechara et al., 1998; Brand
et al., 2007; Buelow, 2015; Radomski et al., 2015).
Individuals experiencing a variety of psychological symp-
toms, including anxiety, depression, and psychosis, exhibit
decision making difficulties. For example, performance on
tasks such as the Iowa Gambling Task (IGT; Bechara et al.,
1994), Balloon Analogue Risk Task (BART; Lejuez et al.,
2002), Game of Dice Task (GDT; Brand et al., 2005), and
Columbia Card Task (CCT; Figner & Voelki, 2004) is lower
(riskier) among individuals with anxiety and depressive dis-
orders, substance use disorders, and Attention-Deficit/
Hyperactivity Disorder (ADHD), to name a few (for a
review, see Buelow, 2020). However, the IGT remains the
only clinically validated measure with associated normative
data for use in clinical evaluations (Bechara, 2007).
Additional research is warranted to assess whether other
behavioral tasks can consistently identify decision making

impairments in clinical populations with known decision
making difficulties. Importantly, such research would pro-
vide grounds for multiple means to assess behavioral deci-
sion making in neuropsychological evaluations.

There are three major factors that make the lack of add-
itional clinically validated behavioral decision making tasks
particularly concerning. First, correlations among these lab-
based tasks can vary significantly, with some evidence sug-
gesting that not all behavioral tasks assess the same type of
decision making (Table 1; Aklin et al., 2005; Buelow &
Barnhart, 2018; Mantyla et al., 2012; Skeel et al., 2007). For
example, exploratory and confirmatory factor analyses fre-
quently find that performance on the IGT factors separately
from other tasks such as the BART, with additional evidence
that earlier and later IGT trials assess different components
of decision making that also factor separately (Buelow &
Blaine, 2015). Across these measures, evidence suggests that
the IGT assesses both decision making under ambiguity
(earlier trials) and decision making under risk (later trials;
Brand et al., 2007); the BART assesses more risk-taking
behavior (Lejuez et al., 2002) than either of the types of
decisions assessed by the IGT; the GDT assesses decisions
made in the face of explicitly-defined risks (Brand et al.,
2005); and the CCT, despite being designed to assess the
same “hot” and “cold” aspects of decision making as the
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IGT (Figner & Weber, 2011), assesses decisions made with
explicitly-defined risks yet differing degrees of feedback with
which to alter a poor decision-making strategy. In a clinical
evaluation, the use of only one behavioral decision task will,
at most, inform the clinician of how one particular element
of a patient’s decision making processes is functioning while
failing to provide a clearer indication of overall deci-
sion making.

A second major factor focuses on the clinical utility of
these common, primarily research-based tasks. Although
overall the research literature suggests that patients experi-
encing one or more psychological diagnoses (e.g., depres-
sion, anxiety, ADHD, substance use disorder) score lower
on behavioral decision tasks than those without such diag-
noses, there is tremendous inconsistency in findings, in part
due to the particular measure examined. For example, on
the IGT, both a greater preference for disadvantageous decks
(i.e., riskier decisions) (Cavedini et al., 2012; Malloy-Diniz

et al., 2007; Mantyla et al., 2012; Must et al., 2006) and no
difference in selections (Boisseau et al., 2013; Deisenhammer
et al., 2018; Wilbertz et al., 2012) have been shown among
those with major depressive disorders, obsessive compulsive
disorder, and ADHD. In a study by Mantyla et al. (2012),
participants with a diagnosis of ADHD had both signifi-
cantly disadvantageous performance on the IGT and no dif-
ference from a healthy comparison group on the BART.
Utilizing just one of these two tasks in a clinical evaluation
could lead to vastly different conclusions regarding decision
making difficulties in the same patient.

Finally, a continued concern with neuropsychological
assessment more generally—one that has not yet been
applied, to our knowledge, to experimental decision making
tasks—relates to validity. Interpretation of test data requires
that we know whether performance was valid or credible;
otherwise, clinicians and researchers have difficulty attaining
an accurate diagnosis and/or developing an appropriate

Table 1. Decision making task descriptions.

Iowa Gambling Task Balloon Analogue Risk Task Game of Disk Task Columbia Card Task

Construct measured � Real-world
decision making

� “Hot” (early trials) and
“Cold” (later trials)
decision making

� Propensity toward risk
taking behavior

� Decision making under
objective risk-
taking conditions

� “Hot” and “Cold”
decision making

Pros � Clinical norms available � Moderate test-retest
reliability

� Moderate test-retest
reliability

� Moderate test-retest
reliability

� Frequently detects
decision making
impairments in some
clinical populations (e.g.,
TBI, lesions to frontal
lobe/amygdala)

� Frequently detects
decision making
impairments in
adolescents and some
clinical populations (e.g.,
substance use)

� Provides more explicit
information about risks at
the start of the task

� Construct validity across
“hot” and “cold” decision
making dimensions

Cons � Poor test-retest reliability � No clinical
norms available

� No clinical
norms available

� No clinical
norms available

� Mixed findings in
detecting decision
making impairments
across many clinical
populations (e.g., ADHD,
depression, anxiety)

� Lack of concise definition
of what IGT measures

� No explicit information is
provided at the start of
the task

� Validity concerns (i.e.,
personality and state
mood influence IGT
performance)

� Mixed evidence for
ecological validity

� Minimal evidence
documenting construct
and ecological validity

� Limited evidence for
ecological validity

Between-task correlations � Inconsistent relationship
with BART, GDT, and CCT
in clinical and non-clinical
populations

� Inconsistent relationship
with IGT and CCT in
clinical and non-clinical
populations

� Inconsistent relationship
with IGT in clinical and
non-clinical populations

� Relatively few studies of
relationship with other
decision making tasks

Discriminant validity
across tasks

� Studies mixed in terms of
relationships between IGT
performance and
impulsivity and
sensation seeking

� Studies also mixed in
terms of relationships
between IGT performance
and executive functioning
(e.g., digit span,
visuospatial tasks,
working memory, etc.)

� Studies mixed in terms of
relationships between
BART performance and
impulsivity and
sensation seeking

� Studies also mixed in
terms of relationships
between BART
performance and
executive functioning
(e.g., inhibitory control,
planning, working
memory, etc.)

� No relationship observed
between GDT
performance and
executive functioning
(e.g., attention, working
memory, inhibition, and
general IQ)

� Consistent evidence of
relationships between
GDT performance and
planning/Wisconsin Card
Sort Task performance

� Studies show consistent
relationships between
CCT performance and
impulsivity and
sensation seeking

� Studies show consistent
relationships between
CCT performance and
Trail Making Test-Part B,
Stroop, Wisconsin Card
Sort Task, and digit span

� No evidence of
relationship between CCT
performance
and inhibition
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treatment plan (Bailey et al., 2018). Patients or research par-
ticipants may be tired/fatigued, hungry, in pain, not putting
forth effort, or, in other cases, exaggerating or malingering
(the deliberate falsification of symptoms for a secondary
gain; Sherman et al., 2020) their symptoms (Boone, 2021).
Failure to correctly identify invalid performance or inten-
tional malingering of symptoms can lead to misdiagnosis in
clinical settings or inaccurate research findings, both of
which can misinform clinical practice. To this end, stand-
alone and embedded performance validity tests (PVTs) were
developed for use in clinical and research settings. Rates of
PVT failures in clinical and forensic settings, collapsed
across tasks, range from 10 to 45% (Bomyea et al., 2020;
Hegedish & Hoofien, 2013; Hoelzle et al., 2019; Larrabee
et al., 2019; Suhr et al., 2008; Sullivan et al., 2007). PVT fail-
ures can also occur in research settings. Though few, these
studies show variable rates of undergraduate student
research pool failures, ranging from very low (1–6%; Roye
et al., 2019; Santos et al., 2014; Silk-Eglit et al., 2014 ) to
rather high (16–55%; An et al., 2012; An et al., 2017; Roye
et al., 2019 ). Given these overall base rates of invalid per-
formance across research and clinical settings, it is import-
ant to understand the extent to which decision making tasks
are sensitive to invalid performance in testing situations. It
is also possible, then, that the previous findings of low cor-
relations between different decision making tasks could be
due, at least in part, to invalid performance across tasks.

To our knowledge, despite their growing popularity in
both clinical and research settings, no studies have examined
whether decision making tasks are vulnerable to invalid per-
formance and malingering. We sought to examine whether
simulated cognitive impairment leads to impaired perform-
ance on common behavioral decision making tasks and
whether the simulated impairment affects the relationship
between tasks. In Study 1, we focus on simulated ADHD
symptoms. Individuals diagnosed with ADHD show poor
behavioral decision making task performance compared to
individuals without ADHD (Malloy-Diniz et al., 2007;
Mantyla et al., 2012 [IGT]; Miller et al., 2013), although not
consistently (Gonzalez-Gadea et al., 2013; Mantyla et al.,
2012 [BART]; Wilbertz et al., 2012). However, there is also a
high base rate of invalid performance/malingering on stand-
ard PVTs and symptom validity tests in individuals present-
ing for ADHD concerns in both clinical and research
settings (e.g., Marshall et al., 2010; Musso & Gouvier, 2014;
Suhr et al., 2008), further complicating accurate assessment
and diagnosis of the disorder. We hypothesized that partici-
pants simulating ADHD would exhibit worse performance
on behavioral decision making tasks than participants giving
their best effort on the tasks. We also examined correlations
among the decision making tasks to further assess the extent
to which they measure overlapping aspects of decision mak-
ing and whether these correlations are moderated by simu-
lated impairment. It is possible that stronger correlations
will be seen between decision making tasks among those
asked to simulate ADHD, as the individual may lower their
performance on all tasks equally.

Study 1: Methods

Participants

Participants were 201 undergraduate students from an arch-
ival dataset of a larger study of simulated ADHD. Of that
initial sample, 18 participants with a self-reported diagnosis
of ADHD were randomly assigned to a simulated ADHD
instruction condition and were therefore removed from fur-
ther analyses. Seven additional participants were removed
from further analyses due to missing data on one or more
of the decision making tasks. We also removed five partici-
pants (3 non-clinical control, 2 simulated ADHD) who
reported not being compliant with the study instructions
and two participants who reported a history of TBI with
loss of consciousness over 10minutes. Finally, three clinical
control participants were removed due to PVT failure (see
details below). This left a final sample of 166 participants
(90 males [2 did not report], ages 18–56 [M¼ 19.42,
SD¼ 3.83, 1 did not report], 75.3% Caucasian [1 did not
report]). All participants provided informed consent and
received course credit. Some data from this study were pre-
viously published (Bryant et al., 2018; Cook et al., 2018);
however, the present study includes different aims, analyses,
and measures than those in the prior studies.

Measures

Columbia Card Task (CCT)
The CCT assesses risky decision making through one of two
approaches: a “hot” version that assesses emotion-based
decisions and a “cold” version that assesses calculated, cog-
nitive, evaluative decision making strategies (e.g., Figner
et al., 2009; Figner & Voelki, 2004). Here, the “cold” version
of the task was utilized. On it, participants see an array of
32 cards, each of which is hiding either a win card or a loss
card. At the start of each trial, participants are given infor-
mation about the number of loss cards (1 or 3 cards), the
amount to be lost if a loss card is selected (250 or 750
points), and the amount won per win card selected (10 or
30 points). They then click the button corresponding to the
number of cards (0–32) to turn over. Participants are not
given feedback about their performance on a trial, instead
receiving summative feedback about the total points earned
at the end of the task. Previous research indicates risky deci-
sion making occurs when participants select a greater num-
ber of cards on each trial, as the risk-benefit ratio decreases
as more cards are selected on a given trial (e.g., Figner et al.,
2009). Consistent with previous research, we calculated the
average number of cards selected, with higher scores indicat-
ing greater risky decision making.

Game of Dice Task (GDT)
The computerized GDT assesses decision making under
explicit risk (Brand et al., 2005). Participants are instructed
to maximize profit over the course of 18 throws of a virtual
die. Prior to each throw, participants “guess” what number
will be rolled. They can select a single number or a
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combination of numbers (2, 3, or 4 number combinations).
Selecting a larger combination of numbers is considered less
risky decision making and is associated with a smaller
potential gain but also a smaller potential loss (3 numbers:
$200 at risk; 4 numbers: $100 at risk). Selecting a smaller
combination of numbers, or a single number, is considered
risky decision making due to the potential large gain or
large loss (1 number: $1000 at risk; 2 numbers: $500 at risk)
(Brand et al., 2005). A total net score is calculated (3þ 4
combination selections minus 1þ 2 combination selections),
with higher scores indicating more advantageous deci-
sion making.

Iowa Gambling Task (IGT)
The computerized IGT was used to assess decision making
under ambiguity and risk (Bechara, 2007; see Bechara et al.,
1994, for original version). Starting with a loan of $2,000,
participants are instructed to maximize their profit over 100
trials by selecting from a series of four decks of cards
(Decks A, B, C, and D). Decks A and B confer an average
profit of $100 per selection whereas Decks C and D confer
an average profit of $50 per selection. However, losses can
occur on 50% of the Deck A or C selections and 10% of the
Deck B or D selections. The overall pattern of immediate
gains and frequency and magnitude of immediate losses can
affect the net outcome associated with each deck. After
selecting 10 times from Decks A and B, participants incur a
net loss of $250, terming Decks A and B “disadvantageous”
and Decks C and D “advantageous” (net gain of $250;
Bechara et al., 1994). Of note, this designation of Decks A
and B as disadvantageous and Decks C and D as advanta-
geous is based on the long-term outcomes associated with
continued selections from each deck. A line of more recent
research has examined whether minimizing the frequency of
losses (i.e., selecting from Decks B and D more than Decks
A and C) represents a valid, alternative decision making
strategy on the task (e.g., Barnhart & Buelow, 2021; Chiu
et al., 2012; Lin et al., 2007). We examine both strategies in
our analyses, but focus first on the Psychological Assessment
Resources (PAR) manual-indicated advantageous decision
making strategy.

Decision making on the IGT changes as the task pro-
gresses. The early IGT trials are considered decision making
under ambiguity given little is known about the relative risks
and benefits of each deck (Brand et al., 2007). The later 60
(Brand et al., 2007) or 40 (Ko et al., 2010; Noel et al., 2007)
trials are considered decision making under risk as decisions
are made with known relative risks and benefits of each
deck. Thus, continued selections from “disadvantageous”
decks over “advantageous” decks constitutes risky decision
making. Risky decision making was calculated as the num-
ber of advantageous minus disadvantageous selections
([CþD] – [AþB]) for each of the five, 20-card blocks of
trials. Negative scores indicate a preference for the disadvan-
tageous over the advantageous decks.

Word Memory Test (WMT)
The standard WMT was administered (Green, 2003). For the
present study, only immediate recall (IR), delayed recall (DR)
at the 30-minute interval, and consistency (CNS) were exam-
ined. We utilized the WMT manual (Green, 2003) to identify
participants who failed any of the first three subtests.
Sensitivity (0.30–0.74) and specificity (0.86–0.95) are moderate
to high using this criterion (e.g., Edmundson et al., 2017). In
the present study, the WMT was used to exclude clinical and
non-clinical controls who had evidence of invalid performance
(fell below WMT cutoffs) and to assess the experimental
manipulation (Supplemental Analysis).

Procedure

The study procedures were approved by the Institutional
Review Boards at the two participating institutions and all
participants provided informed consent. Participants were
first randomized to an experimental condition and received
written instructions regarding their group assignment (see
Appendix A). The researcher was blind to group assignment.
Participants self-reporting a prior ADHD diagnosis (n¼ 34)
were asked to give their best effort on all tasks (clinical con-
trol group). Individuals without a prior history of ADHD
were randomly assigned to try their best on all tasks (non-
clinical control; n¼ 43) or to simulate cognitive impairment
to obtain extra time on tests (n¼ 38), medication (n¼ 35),
or in general (i.e., not try one’s best on the tasks; n¼ 19).
The three impairment instruction manipulations were part
of the overall study design and data comparing these groups
on the WMT has been previously published (Bryant et al.,
2018; Cook et al., 2018). Participants were asked to follow
the written instructions throughout the remainder of the
study. Next, all participants, regardless of group assignment,
completed a series of self-report and computerized tasks,
including the WMT, IGT, CCT, and GDT, as part of a
much larger battery of tests (other tests assessed self-
reported ADHD symptoms and disability). Finally, partici-
pants completed a demographic questionnaire, a question-
naire assessing recall of and compliance with study
instructions, and a debriefing survey before being informed
of the study’s purpose.

Data analysis

For the present study analyses, the three simulated cognitive
impairment groups were combined into one overall simu-
lated ADHD group (n¼ 92) as we did not hypothesize spe-
cific differences in task performance based on instruction
type.1 After removing the three clinical control participants
who failed the WMT, analyses were conducted on the 43
non-clinical control, 31 clinical control, and 92 simulated
ADHD participants. For all analyses and to help control the

1We conducted the analyses with the simulated impairment groups separated,
with no difference in the pattern of results and no significant differences
between groups on the CCT, GDT, and IGT. To maximize power, we present
the findings from the combined group analysis.
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Type I error rate, results were considered significant at the p
< .01 level. Correlations assessed the relationship between
the IGT, CCT, and GDT. We also conducted Fisher r-to-z
transformations to assess the extent to which relationships
between the IGT and CCT, IGT and GDT, and CCT and
GDT varied as a function of group assignment. ANOVAs
were conducted to assess for group differences on perform-
ance on the tasks. Effect sizes were interpreted according to
the following guidelines: Cohen’s d values of 0.2 (small), 0.5
(medium), and 0.8 (large); Pearson r values of 0.1 (small),
0.3 (medium), and 0.5 (large); x2 values of 0.01 (small), 0.05
(medium), and 0.14 (large); and gp

2 values of 0.01 (small),
0.06 (medium), and 0.14 (large) (Cohen, 1988; Field, 2013).

Prior to running our analyses, we first tested the assump-
tions for Pearson’s correlations and ANOVAs. For the cor-
relations, most of the decision making task scores violated
the assumption of normality based on the Shapiro-Wilk test.
We present the results of the Pearson correlations here, with
the Spearman correlations presented in Supplementary
material. Although the ANOVA procedure is robust to vio-
lations of normality, the violation of homogeneity of vari-
ance occurs within the context of unequal sample sizes.
Thus, we utilized Games-Howell post-hoc tests, which do
not assume equal sample sizes nor equal variances, for any
significant ANOVA.

Study 1: Results

Manipulation check

First, we assessed the effectiveness of our simulated ADHD
paradigm. Means, standard deviations, and WMT failure
rates are presented in Table 2. A MANOVA comparing the
three groups on IR, DR, and CNS indicated significant

effects for IR, F(2,163) ¼ 7.56, p < .001, gp
2 ¼ 0.085; DR,

F(2,163) ¼ 8.93, p < .001, gp
2 ¼ 0.099; and CNS, F(2,163)

¼ 9.26, p < .001, gp
2 ¼ 0.102; Wilk’s Lambda (6,322) ¼

3.20, p ¼ .005, gp
2 ¼ 0.056 (all medium effect sizes). On all

sections, WMT scores were lower in the simulated ADHD
group compared to both control groups, ps < .007. When
the WMT cutoff scores were examined, 26 participants failed
one or more WMT sections: 0/43 of the non-clinical con-
trols, 3/34 of the clinical controls (removed from further
analyses), and 23/92 of the simulated ADHD participants.
Given that not all of those assigned to the simulator group
failed the WMT, we first examined potential differences in
decision making by simulator group, then further assessed
for differences between those simulated ADHD participants
who passed versus failed the WMT.

Differences in decision making

A mixed ANOVA was conducted with IGT 20-card blocks
as the within-subjects factor and group assignment as the
between-subjects factor. We first focused on comparing the
three groups (non-clinical control, clinical control, simulated
ADHD), independent of WMT performance. Mauchly’s test
of sphericity was significant, so the Greenhouse-Geisser cor-
rection was applied (see Table 2 for all means). The main
effect of Block was significant, F(3.29, 535.55) ¼ 15.77, p <
.001, gp

2¼ 0.088 (medium effect). Independent of group
assignment, participants engaged in more advantageous
decision making in Blocks 2–5 compared to Block 1, ps <
.001, with no differences in the remaining blocks (ps >
.068). There was no main effect of Group, F(2,163) ¼ 1.77,
p ¼ .174, gp

2¼ 0.021, or interaction of Block and Group,
F(6.57, 535.55) ¼ 0.99, p ¼ .435, gp

2¼ 0.012. Two additional
one-way ANOVAs indicated no group differences in

Table 2. Study 1 variable means (M) and standard deviations (SD).

Variable
Non-clinical control Clinical control Malinger ADHD

Pass WMT Pass WMT Total Fail WMT Pass WMT

(n¼ 43) (n¼ 31) (n¼ 92) (n¼ 23) (n¼ 69)

M SD M SD M SD M SD M SD

WMT
IR 98.52 2.20 97.90 2.81 91.07 15.71 70.15 19.50 98.04 3.12
DR 98.36 2.91 98.56 2.35 90.02 16.91 64.26 15.52 98.61 2.39
CNS 97.36 3.76 96.66 4.18 88.70 16.32 62.72 10.85 97.36 3.71

IGT
AD1 �3.49 7.12 �4.26 6.44 �2.96 7.33 �4.70 4.85 �2.38 7.93
AD2 0.56 7.56 1.03 6.75 1.83 6.23 1.74 5.37 1.86 6.53
AD3 2.09 7.99 2.39 8.75 2.50 8.47 0.43 6.98 3.19 8.85
AD4 0.42 8.89 0.58 10.30 3.98 9.32 1.65 8.15 4.75 9.60
AD5 �0.23 9.77 2.77 9.15 2.61 8.08 3.30 7.95 2.38 8.16
AD total �0.65 25.53 2.52 30.18 7.96 24.33 2.43 20.34 9.80 25.38
T-score Total 44.81 9.23 46.06 10.65 47.58 8.63 45.30 7.46 48.33 8.91
Freq total 23.38 23.46 26.93 20.54 20.21 24.79 23.74 22.65 19.03 25.51
Total A 18.05 7.31 17.03 5.85 17.08 6.99 17.09 5.22 17.07 7.53
Total B 32.23 10.29 31.71 11.43 28.88 10.17 31.48 11.29 28.01 9.71
Total C 19.70 9.65 19.45 7.62 22.68 11.61 20.61 8.38 23.38 12.48
Total D 29.79 14.44 31.81 15.71 30.99 14.00 29.87 10.62 31.36 15.01

CCT 13.90 5.34 14.48 5.91 12.76 5.14 13.30 4.16 12.58 5.45
GDT 5.67 10.46 6.81 8.63 5.63 9.85 4.52 10.91 6.00 9.52

Note: Data reflect test scores after the clinical controls who failed the WMT were removed. WMT¼Word Memory Test, Immediate Recall (IR), Delayed Recall
(DR), and Consistency (CNS); IGT¼ Iowa Gambling Task, Advantageous (CþD) minus Disadvantageous (Aþ B) selections by 20-card blocks of trials, across all
100 trials, total T-scores, total score based on low (BþD) minus high (Aþ C) loss frequency, and total individual deck selections; CCT¼ Columbia Card Task,
average cards per trial; GDT¼Game of Dice Task, safe (3þ 4) minus risky (1þ 2) selections.
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performance on the CCT, FWelch(2,64.05) ¼ 1.26, p ¼ .291,
x2¼ 0.003, or the GDT, FWelch(2,68.258) ¼ 0.14, p ¼ .874,
x2¼ 0.010. All the non-significant results fell in the small
effect size range. Thus, utilizing the standard scoring
approaches for each task, no differences were detected in
performance on decision making tasks as a function of the
group instruction.

Additional IGT analyses
To more fully examine if there is a metric in the clinically-
available IGT sensitive to simulated ADHD, additional scor-
ing approaches were examined per Barnhart and Buelow
(2021). Neither total score across all trials (raw),
FWelch(2,62.13) ¼ 1.46, p ¼ .240, x2¼ 0.006, or the total
normative data-based T-score per the IGT manual, FWelch

(2,62.05) ¼ 1.08, p ¼ .348, x2¼ 0.000, differentiated groups.
Examining the total score when the frequency-based scoring
approach is utilized ([BþD] – [AþC]) also does not differ-
entiate between groups, FWelch (2,67.77) ¼ 1.16, p ¼ .320,
x2¼ 0.002. Finally, focusing just on Deck A, FWelch (2,67.46)
¼ 0.17, p ¼ .845, x2¼ 0.010, or Deck D, FWelch (2,61.21) ¼
0.11, p ¼ .897, x2¼ 0.011, selections did not differentiate
groups. All effect sizes fell in the small range, at most.

Decision making in participants who passed versus failed
the WMT
As previously demonstrated, not all participants in the simu-
lated ADHD group scored in the WMT failure range. We
assessed potential differences in decision making task per-
formance when the simulated ADHD group was split based
on passing (n¼ 69) versus failing (n¼ 23) the WMT. We
repeated our mixed ANOVA on the IGT, with group assign-
ment (non-clinical control, clinical control, simulated
ADHD-pass WMT, simulated ADHD-fail WMT) as the
between-subjects factor. IGT performance again showed sig-
nificant improvement by Block, p < .001, gp

2¼ .098
(medium effect). None of the remaining IGT, CCT, or GDT
analyses (ps > .221, x2 < 0.010, small effects) indicated a
means to differentiate between simulated ADHD and con-
trol groups (ps > .161), nor between simulators passing ver-
sus failing the WMT (ps > .517).

Correlations among decision making tasks
Finally, we assessed correlations among the three decision
making tasks (Table 3; see Supplemental Table 1 for the
Spearman correlations, with no significant alteration in the
pattern of relationships between the three tasks). No signifi-
cant correlations emerged between performance on the
CCT, GDT, and IGT, both independent of group assignment
(ps > .125) and when divided by group assignment (ps >
.053). Overall, correlations between the IGT, CCT, and GDT
fell in the small range across each of the control and simu-
lated ADHD groups. Fisher r-to-z transformations were con-
ducted to compare between-task correlations across the
non-clinical control, clinical control, simulated ADHD-pass
WMT, and simulated ADHD-fail WMT groups. No

significant group-based differences emerged in the correla-
tions between the IGT and CCT (zs < 1.30, ps > .196), IGT
and GDT (zs < 0.89, ps > .377), and CCT and GDT (zs <
j1.76j, ps > .079).

Study 1: Discussion

The simulated ADHD participants were not distinguishable
from control groups on any of the three behavioral decision
making tasks using standard or alternative scoring
approaches. Even when they were split by passing or failing
the WMT, the simulated ADHD participants who failed the
WMT were not distinguishable on the three tasks from the
non-clinical controls, clinical controls, or simulated ADHD
participants who passed the WMT. No significant correla-
tions emerged among the three tasks, and the strength of
the correlations did not differ according to group instruc-
tion. Though future research is needed, this lack of differ-
ence in the pattern and strength of correlations by group
assignment may provide some initial evidence that simulated
cognitive impairment does not lead to a different decision
making strategy being employed across various tasks.

There are several reasons we may not have seen signifi-
cant findings in this study. Participants were asked to feign
symptoms of ADHD to receive academic accommodations
or psychostimulant medications. Decision making was not
described in the manipulation instructions, and participants
may have focused on self-report symptom checklists to
express their simulated cognitive difficulties. It is possible
that participants interpreted the WMT, but not the decision
making tasks, as an instrument assessing common symp-
toms of ADHD, which may have lead to differences in their
approach to the tasks. The effect sizes for group-based dif-
ferences on the WMT were moderate whereas the effect
sizes for the decision tasks were quite small, which provides
some initial evidence for this hypothesis. In addition, it is
possible that the student simulators “played it safe,” leading
to scores on the WMT that fell in the credible instead of
noncredible range. Finally, although we did not find signifi-
cant correlations among the three decision tasks in either
the two control groups or the simulated ADHD participants,
this is consistent with previous research showing small to
minimal correlations between these and other behavioral
decision making tasks.

Rationale for study 2

To take some of these concerns into account and to further
examine relationships among decision making tasks, we con-
ducted a second study using a simulator design. Rather than
assigning participants to simulate a specific disorder, they
were randomly assigned to specifically simulate decision
making impairments, not try their best on tasks, or try their
best on tasks. In addition to this change in the instructions,
we added an embedded PVT, reliable digit span (RDS), to
supplement the WMT, as the use of multiple PVTs is
increasingly recommended in assessments (e.g., Boone,
2009). We again hypothesized that participants who
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simulated cognitive impairments would exhibit worse behav-
ioral decision making task performance than participants
asked to try their best. We also examined correlations
among the behavioral decision tasks. As some participants
were now specifically instructed to feign decision making
impairment, we examined whether the strength and direc-
tion of these correlations varied as a function of the study
manipulation, as feigning decision making impairments in
particular may lead to stronger between-task relationships
than trying one’s best.

Study 2: Methods

Participants

Participants were 178 undergraduate students at a regional
campus of a large Midwestern university. Thirteen students
were removed from further analyses due to missing data on
the WMT or RDS, with additional participants removed due
to self-reported previous diagnosis of ADHD (n¼ 19) or
TBI with loss of consciousness greater than 10minutes

(n¼ 2). An additional 12 participants were removed due to
reporting noncompliance with study instructions, as were 2
participants in the non-clinical control group who failed one
or more PVTs. The final sample included 130 participants
(55 males [3 did not report]), ages 18–32 [M¼ 19.02,
SD¼ 1.98, 4 did not report], 87.2% first-year students [5 did
not report], 71.1% Caucasian [2 did not report]).
Participants provided informed consent and received course
credit for participation in the study.

Measures

In addition to those measures outlined in Study 1, partici-
pants completed the digit span subtest from the WAIS-IV
(Wechsler, 2008). RDS, an embedded effort measure, is cal-
culated as the sum of the longest, correctly completed
sequences of forward and backward digit spans
(Greiffenstein et al., 1994; Wechsler, 2008). Previous
research suggests that a RDS cutoff of �6 results in strong
specificity but more modest sensitivity across clinical

Table 3. Study 1 correlations between decision making tasks.

IGT1 IGT2 IGT3 IGT4 IGT5 IGT Total CCT GDT

Full sample (n¼ 166)
IGT1 – �0.063 �0.021 �0.055 �0.179 0.170 0.039 0.119
IGT2 – 0.518�� 0.470�� 0.270�� 0.671�� 0.090 0.067
IGT3 – 0.596�� 0.379�� 0.797�� �0.022 0.098
IGT4 – 0.473�� 0.825�� �0.041 0.082
IGT5 – 0.655�� �0.093 0.013
IGT total – �0.020 0.116
CCT – 0.037
GDT –

Non-clinical controls (n¼ 43)
IGT1 – �0.011 0.019 0.007 �0.297 0.171 0.077 0.005
IGT2 – 0.567�� 0.407� 0.105 0.653�� 0.206 0.189
IGT3 – 0.720�� 0.207 0.816�� 0.029 0.063
IGT4 – 0.412� 0.854�� 0.017 0.219
IGT5 – 0.539�� �0.067 �0.006
IGT total – 0.072 0.151
CCT – 0.014
GDT –

Clinical controls (n¼ 31)
IGT1 – �0.073 �0.147 �0.219 �0.275 �0.003 0.042 0.012
IGT2 – 0.789�� 0.685�� 0.695�� 0.881�� 0.004 0.236
IGT3 – 0.797�� 0.709�� 0.922�� �0.008 0.181
IGT4 – 0.584�� 0.856�� �0.001 �0.039
IGT5 – 0.805�� 0.074 0.066
IGT total – 0.030 0.115
CCT – �0.244
GDT –

Malinger-pass WMT (n¼ 69)
IGT1 – �0.089 �0.008 �0.064 �0.057 0.244 0.043 0.233
IGT2 – 0.392�� 0.489�� 0.183 0.610�� 0.197 �0.002
IGT3 – 0.482�� 0.348� 0.741�� 0.008 0.144
IGT4 – 0.450�� 0.797�� �0.010 0.043
IGT5 – 0.643�� �0.211 0.042
IGT total – �0.005 0.152
CCT – 0.144
GDT –

Malinger-fail WMT (n¼ 23)
IGT1 – �0.161 �0.114 �0.121 �0.254 0.009 0.077 0.090
IGT2 – 0.449 0.098 0.260 0.520 �0.494 �0.230
IGT3 – 0.422 0.419 0.767�� �0.279 �0.127
IGT4 – 0.538� 0.752�� �0.142 0.115
IGT5 – 0.758�� �0.022 �0.088
IGT Total – �0.273 �0.072
CCT – 0.128
GDT –

�p<.01; ��p<.001.
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samples and simulated cognitive impairments (Jasinski et al.,
2011; Schroeder et al., 2012). For the present study, partici-
pants were considered RDS failures if their score fell
below 7.

Procedure

The study procedures were approved by the university’s
Institutional Review Board and all participants provided
informed consent. The study procedure was like that of
Study 1. Participants were randomized to one of the study
groups and received written instructions regarding group
assignment (see Appendix A), which included: (1) giving
their best effort (non-clinical controls; n¼ 50), (2) not giv-
ing their best effort (general simulated cognitive impair-
ment; n¼ 47), or (3) simulating decision making
impairment (simulated decision-making impairment;
n¼ 35). Sample sizes were relatively equal prior to the
participant removal procedures (n¼ 58, 61, and 59,
respectively). Marginally more participants in the two
simulator groups than the control group were removed
due to self-reported noncompliance, X2(10) ¼ 22.42, p ¼
.013. The researcher was again blind to group assignment
and participants were asked to follow the written instruc-
tions throughout the study session. Next, participants
completed the WMT, Digit Span, IGT, GDT, and CCT in
a randomized order. Finally, they completed a demo-
graphic questionnaire, a questionnaire assessing remem-
brance of and compliance with study instructions, and a
debriefing survey before being informed of the
study’s purpose.

Data analysis

For all analyses and to again control for the Type I error
rate, results were considered significant at the p < .01
level. We calculated correlations between the IGT, CCT,
and GDT, then used Fisher r-to-z transformations to
assess the extent to which relationships between the three
tasks varied as a function of group assignment. ANOVAs
were conducted to assess for group differences on per-
formance on the IGT, CCT, and GDT. The same effect
size guidelines presented in Study 1 were used in Study 2.

Prior to running our analyses, we again tested the
assumptions for Pearson’s correlations and ANOVAs. For
the correlations, most of the decision making task scores
violated the assumption of normality based on the Shapiro-
Wilk test. We present the results of the Pearson correlations
here, with the Spearman correlations presented in
Supplementary materials. In contrast to Study 1, we found
no violations of homogeneity of variance (Levine’s test). The
ANOVA procedure is robust to violations of normality;
however, we assessed any significant omnibus tests with
both parametric (LSD) and nonparametric (Games-Howell)
post-hoc tests.

Study 2: Results

Manipulation checks

First, we assessed the effectiveness of our simulated cogni-
tive impairment paradigm. Means and standard deviations
are presented in Table 4. A MANOVA comparing the three
groups on the WMT, including the IR, DR, and CNS sec-
tions, indicated significant effects for IR, F(2,127) ¼ 6.62, p
¼ .002, gp

2¼ 0.094; DR, F(2,127) ¼ 6.64, p ¼ .002, gp
2¼

0.095; and CNS, F(2,127) ¼ 10.28, p < .001, gp
2¼ 0.139

(effect sizes medium to large); Wilk’s Lambda (6,250) ¼
3.35, p ¼ .003, gp

2¼ 0.074. On all three sections, WMT
scores were significantly lower in the general simulated cog-
nitive impairment group compared to the non-clinical con-
trol group, ps < .001, and in the general simulated cognitive
impairment group compared to the simulated decision mak-
ing impairment group on CNS only, p ¼ .007. An ANOVA
examining RDS scores indicated no significant between-
group differences, F(2,127) ¼ 2.33, p ¼ .101, gp

2¼ 0.035
(small to moderate effect).

We next examined the rates of WMT and RDS failure. A
total of 26 participants failed one or more PVTs: 2/50 of the
non-clinical controls (removed from decision making analy-
ses), 17/47 of the general simulated cognitive impairment
participants, and 7/35 of the simulated decision making
impairment participants. Examining just the WMT, 2/50 of
the non-clinical controls, 14/47 of the general simulated cog-
nitive impairment participants, and 3/35 of the simulated
decision making impairment participants were classified as
failing this PVT. On RDS, 0/50 of the non-clinical controls,
5/47 of the general simulated cognitive impairment partici-
pants, and 5/35 of the simulated decision making impair-
ment participants were classified as failing. Combining
performance across the two PVTs, we see the following fail-
ure rates: (1) non-clinical controls: 2/50 failed one and 0/50
failed both; (2) general simulated cognitive impairment: 15/
47 failed one and 2/47 failed both; and (3) simulated deci-
sion making impairment: 6/35 failed one and 1/35
failed both.

Differences in decision making

A mixed ANOVA was conducted with 20-card blocks on
the IGT as the within-subjects factor and group assignment
as the between-subjects factor. Mauchly’s test of sphericity
was significant, so the Greenhouse-Geisser correction was
applied. The main effect of Block was significant, F(3.30,
415.76) ¼ 5.45, p ¼ <.001, gp

2¼ 0.041 (small to moderate
effect). Independent of group assignment, participants
engaged in more advantageous decision making in Blocks 4
and 5 compared to Block 1, ps < .006, with no differences
in the remaining blocks (ps > .017). There was no main
effect of Group, F(2,126) ¼ 0.50, p ¼ .608, gp

2¼ 0.008, or
interaction of Block and Group, F(6.60, 415.76) ¼ 0.45, p ¼
.859, gp

2¼ 0.007, with both effect sizes falling in the small
to minimal range. Two additional one-way ANOVAs indi-
cated no group differences in performance on the CCT,
F(2,125) ¼ 0.88, p ¼ .418, gp

2¼ 0.014, or the GDT, F(2,126)
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¼ 0.20, p ¼ .816, gp
2¼ 0.003 (small to minimal effects).

Thus, utilizing the standard scoring approaches for each
task, no differences were detected in performance on deci-
sion making tasks as a function of simulated cognitive
impairment group instruction.

Additional IGT analyses
Just as in Study 1, and to more fully examine whether com-
peting scoring strategies on the IGT vary by malingering
attempts, additional scoring approaches were examined.
Total score (raw, T), total frequency-based score, and total
A and D selections were not significantly different across
groups, ps > .109, gp

2 < 0.035 (small to minimal
effect sizes).

Decision making in participants who passed versus
failed PVTs
Next, we examined decision making task performance when
the simulated impairment groups were split based on pass-
ing versus failing any PVTs. Given the relatively small sam-
ple sizes, we collapsed across simulated impairment
instruction to compare the following groups of participants:
58 simulators who passed PVTs, 24 simulators who failed
PVTs, and 48 non-clinical controls who passed PVTs. The
mixed ANOVA on IGT performance was largely consistent
with the full sample findings in that no between-group dif-
ferences or interactions emerged (ps > .367, gp

2 < 0.017).
None of the remaining CCT (p ¼ .456, gp

2¼ 0.012), GDT,
(p ¼ .089, gp

2¼ 0.038), or alternative IGT (ps > .365, gp
2<

0.017) analyses indicated a means to differentiate between
the combined simulator group who passed PVTs, the com-
bined simulator group who failed PVTs, and the control
group, with all effect sizes falling in the small range,
at most.

Correlations among decision making tasks
Finally, we assessed correlations among the three decision
making tasks (Table 5; see Supplemental Table 2 for the
Spearman correlations). Across the combined sample and
split by participant group assignment, few significant corre-
lations emerged. Specifically, the only significant, positive
correlation emerged between total IGT and the GDT in the
full sample (p ¼ .009, small to moderate correlation). The
remaining correlations fell largely in the small range across
each of the non-clinical control, general simulated cognitive
impairment, and simulated decision making impairment
groups. We conducted Fisher r-to-z transformations to
examine for potential variations in cross-task correlations by
group assignment. Given the small number of participants
who failed one or more PVTs, we collapsed across the two
simulated cognitive impairment instructions to create a
pass-PVT and a fail-PVT group. There were no significant
differences in the correlations between the IGT and CCT (zs
< j0.03j, ps > .206), IGT and GDT (zs < 1.46, ps > .146),
and CCT and GDT (zs < j0.08j, ps > .257) among the non-

clinical controls, simulator-pass PVTs, and simulator-fail
PVTs groups.

Study 2: Discussion

Specifying the type of simulated cognitive impairment that
participants should engage in altered performance on PVTs,
leading to lower WMT—but not RDS—performance in
those simulating general cognitive impairments compared to
those simulating decision making impairments, but this did
not transfer to decision making tasks. The simulators, both
those who simulated general impairments and those who
specifically simulated decision making impairment, were not
distinguishable from the non-clinical controls on any of the
three behavioral decision tasks, using either standard or
alternative scoring approaches. Splitting the simulators by
WMT/RDS failure did not demonstrate differences between
groups on the decision tasks. Similarly to Study 1, we found
generally nonsignificant correlations among CCT, GDT, and
IGT scores, both in the overall group and split by group
assignment. As in Study 1, the direction and strength of the
correlations did not significantly differ by group, which may
indicate that even directly tasking participants with simulat-
ing decision making impairment across tasks did not alter
the pattern of relationships (or lack thereof) between the
three tasks.

General discussion

Across two studies we find a consistent pattern: regardless
of the specific simulated impairment instruction (Study 1:
ADHD; Study 2: general impairment, decision making
impairment), performance on the behavioral decision mak-
ing tasks did not vary. Additionally, minimal correlations
emerged among the CCT, GDT, and IGT, both in the over-
all samples and when split by group assignment. Although
some participants asked to do their best did at times dem-
onstrate invalid performance (3.9% in Study 1 and 4% in
Study 2 failed one or more PVTs), this low rate in a
research setting is consistent with previous research (e.g.,
Roye et al., 2019; Santos et al., 2014; Silk-Eglit et al., 2014).

That we found limited evidence of significant correlations
among the three decision tasks raises questions about the
convergent and divergent validity of each task, as well as
their potential use in clinical settings. The IGT is the only
currently available, clinically-normed task for assessing deci-
sion making as an executive function, making it quite pos-
sibly the only measure of the construct administered in a
clinical evaluation. As previous researchers have noted
(Buelow & Blaine, 2015) and consistent with our minimal-
to-small, non-significant correlations among the IGT, CCT,
and GDT, behavioral decision making tasks each assess
potentially non- or minimally-overlapping aspects of the
construct. In addition, simulating cognitive impairment—
regardless of the specific instruction—did not significantly
alter the pattern of how the IGT, GDT, and CCT relate to
one another. Just as one would administer multiple meas-
ures to assess related but non-overlapping aspects of the
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Table 5. Study 2 correlations between decision making tasks.

IGT1 IGT2 IGT3 IGT4 IGT5 IGT Total CCT GDT

Full sample (n¼ 130)
IGT1 – 0.171 0.108 0.185 0.071 0.408�� 0.032 0.181
IGT2 – 0.472�� 0.358�� 0.281� 0.633�� �0.082 0.117
IGT3 – 0.411�� 0.259� 0.663�� �0.086 0.094
IGT4 – 0.546�� 0.807�� �0.092 0.225
IGT5 – 0.735�� �0.132 0.136
IGT total – �0.117 0.229�
CCT – �0.017
GDT –

Non-clinical controls (n¼ 48)
IGT1 – 0.073 0.112 0.039 �0.160 0.242 0.013 0.368
IGT2 – 0.388� 0.342 0.334 0.635�� �0.307 0.322
IGT3 – 0.308 0.345 0.684�� �0.114 0.205
IGT4 – 0.511�� 0.761�� �0.231 0.197
IGT5 – 0.740�� �0.202 0.127
IGT Total – �0.271 0.355
CCT – �0.153
GDT –

Combined Malinger-pass PVTs (n¼ 58)
IGT1 – 0.239 0.074 0.232 0.205 0.486�� 0.075 0.070
IGT2 – 0.493�� 0.272 0.345� 0.620�� 0.029 �0.014
IGT3 – 0.458�� 0.222 0.626�� �0.080 0.007
IGT4 – 0.631�� 0.820�� �0.027 0.243
IGT5 – 0.785�� �0.056 0.194
IGT total – �0.025 0.175
CCT – 0.073
GDT –

Combined Malinger-fail PVTs (n¼ 24)
IGT1 0.210 0.210 0.321 0.064 0.470 �0.083 0.026
IGT2 – 0.633�� 0.684�� �0.052 0.719�� 0.156 0.039
IGT3 – 0.552� 0.160 0.765�� �0.080 0.056
IGT4 – 0.265 0.860�� 0.119 0.061
IGT5 – 0.499 �0.159 �0.186
IGT Total – �0.017 �0.012
CCT – 0.093
GDT –

General Malinger-pass PVTs (n¼ 30)
IGT1 – 0.333 0.165 0.114 �0.060 0.464 0.118 �0.006
IGT2 – 0.617�� 0.105 0.123 0.621�� 0.211 �0.197
IGT3 – 0.447 �0.059 0.669�� 0.117 �0.148
IGT4 – 0.470� 0.769�� 0.106 0.199
IGT5 – 0.536� 0.089 �0.033
IGT Total – 0.193 �0.027
CCT – 0.152
GDT –

General Malinger-fail PVTs (n¼ 17)
IGT1 – 0.110 0.304 0.317 0.027 0.404 �0.041 �0.380
IGT2 – 0.683� 0.830�� 0.041 0.775�� 0.052 0.062
IGT3 – 0.727�� 0.304 0.876�� �0.124 0.055
IGT4 – 0.199 0.889�� 0.158 0.082
IGT5 – 0.507 �0.082 �0.302
IGT total – �0.006 �0.104
CCT – 0.556
GDT –

DM Malinger-pass PVTs (n¼ 28)
IGT1 – 0.104 �0.060 0.366 0.416 0.508� �0.006 0.152
IGT2 – 0.310 0.470 0.553� 0.628�� �0.281 0.191
IGT3 – 0.453 0.449 0.586� �0.368 0.171
IGT4 – 0.799�� 0.886�� �0.214 0.298
IGT5 – 0.936�� �0.174 0.341
IGT Total – �0.267 0.334
CCT – �0.004
GDT –

DM Malinger-fail PVTs (n¼ 7)
IGT1 – 0.543 0.059 0.382 0.118 0.864 �0.211 0.653
IGT2 – 0.600 �0.167 �0.711 0.251 0.508 0.086
IGT3 – �0.622 �0.567 �0.113 0.358 �0.074
IGT4 – 0.550 0.703 �0.033 0.030
IGT5 – 0.467 �0.551 0.180
IGT Total – �0.156 0.411
CCT – �0.808
GDT –

�p<.01; ��p<.001.
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overarching executive function construct, clinicians need
more than one validated assessment measure to accurately
assess different aspects of the overarching decision mak-
ing construct.

In our main Study 2 analyses, we collapsed across the
reasons for simulated impairment to account for the small
sample sizes that could preclude finding differences in corre-
lations between tasks. We conducted exploratory examina-
tions of the Study 2 Fisher r-to-z transformations split by
decision making instruction and PVT status. Correlations
between the CCT and GDT were positive (r¼ 0.556) for the
simulated general impairment-fail PVT group and negative
(r¼�0.808) for the simulated decision making impairment
-fail PVT group (Fisher z¼ 3.08, p ¼ .002); however, the
sample sizes were quite small (17 and 7, respectively). We
found several CCT-GDT correlations that fell below the p <
.05 criterion but not below our more stringent p < .01 cri-
terion for significance: when the non-clinical controls
(r¼�0.153) were compared to the simulated general
impairment-fail PVTs (r¼ 0.556; Fisher z¼�2.55, p ¼
.011), the simulated general impairment-pass PVTs
(r¼ 0.152) to the simulated general impairment-fail PVTs
(Fisher z¼ 2.38, p ¼ .017), and the simulated decision mak-
ing impairment-pass PVTs (r¼�0.004) to the simulated
decision making impairment-fail PVTs (r¼�0.808, Fisher
z¼ 2.07, p ¼ .039). Future research with larger sample sizes
would better allow us to tease apart the influence of simula-
tor instruction or mindset on different cognitive tasks. Our
findings suggest the potential for invalid performance to
account for some of the negative findings in the literature to
date. But, given the small to medium nonsignificant correla-
tions in two groups of participants that passed PVTs (non-
clinical controls, simulators who passed PVTs), it is possible
that invalid performance does not fully explain the lack of
correlations between tasks and may provide some evidence
they assess different components of the construct.

How does the type of decision making assessed on each
task differ? Differing amounts of information are presented
at the start of the IGT, CCT, and GDT (e.g., Brand et al.,
2005, 2007; Buelow, 2020; Figner et al., 2009). During the
early trials of the IGT, decision making under ambiguity is
assessed as very little information is presented and partici-
pants instead must learn the relative risks and benefits of
each deck through trial-and-error feedback. As the partici-
pant moves into the later trials, decision making under risk
is instead assessed as they have had sufficient time to
develop at least a “sense” of which decks are better/worse
than others. The GDT was created to improve upon our
assessment of decision making under explicit risk by provid-
ing participants with information about the relative risks
and benefits of each option at the start of the task, removing
the need to learn to decide advantageously via trial-and-
error feedback. Lowered scores on the IGT but not the
GDT, for example, could demonstrate difficulties learning
from feedback rather than frank decision making impair-
ment. The CCT attempts to bridge these two tasks, combin-
ing explicit information at the start of the task with differing
levels of feedback after each selection. Lowered scores on

the CCT-cold compared to the IGT could, for example,
indicate difficulties utilizing information about risks and
benefits in the absence of immediate feedback about a deci-
sion. Administering just one of these tasks, such as in a
research study or a clinical assessment, could provide
incomplete information about decision making strategies
and processes.

Limitations

There are several limitations to consider. First, not all partic-
ipants in the simulated cognitive impairment groups failed
PVTs, and in fact our failure rates (25% in Study 1, 9–36%
in Study 2) are lower than those reported in previous simu-
lator studies (e.g., Armistead-Jehle & Denney, 2015).
However, the simulator instruction in that study tasked par-
ticipants with directly simulating memory impairment which
could affect scores on the WMT more than instructions to
simulate ADHD or decision making impairment. Second,
sample sizes varied across studies and groups, which can
negatively affect power. However, given the effect sizes
observed (0.002–0.021 in Study 1, 0.003–0.038 in Study 2), it
is unlikely that we missed meaningful findings due to our
sample size. Third, we conducted multiple comparisons on
each sample, and it is possible that could have increased the
likelihood of false positive findings. However, we limited
our interpretation to those results where p < .01 to take this
into some consideration. Fourth, we conducted two simula-
tion studies by design, and it is possible that study results
may not generalize to individuals seeking clinical evaluation
and/or treatment. Although simulation studies can allow for
examination of invalid performance in a controlled setting,
there is no secondary gain possible or provided to those
simulating impairment in the studies. It is important to rep-
licate these findings within a clinical assessment sample
where these secondary gains may be more common and
with participants who meet diagnostic criteria for malinger-
ing (Sherman et al., 2020). Relatedly, lab-based university
student simulators may be limited in their ability to repro-
duce the pattern of cognitive deficits noted in different clin-
ical populations, an observation that can limit the
generalization of the present findings. For example, univer-
sity student participants may exaggerate their impairments
in a way that is unlike more sophisticated “real world”
malingerers. Future research is needed to replicate and
expand these findings to diverse populations outside of the
university context to better understand the role simulated
cognitive impairment of behavioral decision making task
performance. Although we utilized both embedded and
stand-alone PVTs in Study 2, it is possible that we still had
an increased rate of false negatives or false positives that
could be better evaluated with additional PVTs. We utilized
the most commonly-used cut-off score for RDS (e.g.,
Jasinski et al., 2011; Schroeder et al., 2012), but it is possible
that this score was too conservative for university student
simulators. Finally, our undergraduate student participants
were tasked with feigning impairments that depended, in
part, on their interpretation of the instruction (i.e., specific
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ADHD symptoms to simulate) and the task itself (i.e.,
whether the task assesses decision making). However, our
rates of PVT failure, even among the control participants,
indicate that researchers should be concerned about the val-
idity of cognitive performance even among research partici-
pants without secondary gains.

Implications and future directions

The present study has important implications for the use of
behavioral decision making tasks in clinical and research set-
tings. As previously mentioned, the IGT is the only cur-
rently available behavioral decision making task for use in
clinical assessments, yet it only measures a subset of the
decision making components examined in the research lit-
erature. Our findings may speak to the need for additional
clinically-normed and validated behavioral decision making
tasks to more fully and accurately assess the decision making
construct, as not all decision making tasks appear to assess
overlapping aspects of the process. Administering just the
IGT, for example, may inform about the extent to which
individuals learn to decide advantageously after repeated
selections with feedback but not how decision making
occurs when all risks and benefits are made clear at the out-
set–both with (GDT) and without (CCT) feedback following
each decision. Additional decision making tasks should be
evaluated for their potential clinical utility and validity
across various patient populations, as adding new normed
tasks, especially those not vulnerable to malingering
attempts, to a clinical battery may allow for more accurate
and robust assessment of this complex construct.
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Appendix A

Malingering instructions

Study 1

Control condition
In this study, you are going to complete a series of cognitive tasks that
are like those administered in a real clinical evaluation to individuals

who have concerns about their cognitive and psychological skills. We
would like you to take all of these tests to the best of your ability.
When you are finished reading these instructions, please return them
to the envelope and do not let the examiner know what they said.

Simulator condition 1
In this study, you are going to complete a series of cognitive tasks that
are like those administered in a real clinical evaluation to individuals
who have concerns about their cognitive and psychological skills. As
you take the tests, we would like you to behave as though you are the
following student:

You are hoping to attend graduate school and are worried that
the fact that you are such a slow test taker might influence your
scores on the entrance exams for school. Some classmates have
told you that they get extended time accommodations for
testing because of their diagnosis with Attention Deficit
Hyperactivity Disorder (ADHD). You have heard commercials
on television about Attention Deficit Hyperactivity Disorder
(ADHD) and you think that you at least sometimes have similar
problems that might explain your slow test taking. Thus, you
want to seek out an evaluation in order to try to convince the
person who examines you that you have ADHD and thus
should be able to get extended time accommodations on testing.

When you are finished reading these instructions, please return
them to the envelope and do not let the examiner know what
they said.

Simulator condition 2
In this study, you are going to complete a series of cognitive tasks that
are like those administered in a real clinical evaluation to individuals
who have concerns about their cognitive and psychological skills. As
you take the tests, we would like you to behave as though you are the
following student:

You are struggling with your grades in college, and you are
worried that you might fail some of your classes. In addition,
some classmates have told you that taking a stimulant like
Ritalin might help you stay up late and study better the night
before tests. You have heard commercials on television about
Attention Deficit Hyperactivity Disorder (ADHD) and you think
that you at least sometimes have attention problems in your
classes in college. Thus, you want to seek out an evaluation in
order to try to convince the person who examines you that you
have ADHD and thus should be able to get a prescription for
stimulant medication.

When you are finished reading these instructions, please return
them to the envelope and do not let the examiner know what
they said.

Simulator condition 3
In this study, you are going to complete a series of cognitive tasks that
are like those administered in a real clinical evaluation to individuals
who have concerns about their cognitive and psychological skills. As
you take the tests, we would like you to behave as though you are the
following student:

You are struggling with your grades in college and are worried
that you might have Attention Deficit Hyperactivity Disorder
(ADHD). You have some classmates who have told you that
they have the disorder, and you have heard commercials on
television about Attention Deficit Hyperactivity Disorder
(ADHD). You notice that you at least sometimes have attention
problems in your classes. Thus, you want to seek out an
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evaluation in order to try to convince the person who examines
you that you have ADHD and thus should be able to get some
help so you can do better in college.

When you are finished reading these instructions, please return
them to the envelope and do not let the examiner know what
they said.

Study 2

Control condition
In this study, you are going to complete a series of cognitive tasks that
are like those administered in a real clinical evaluation to individuals
who have concerns about their cognitive and psychological skills. We
would like you to take all of these tests to the best of your ability.

When you are finished reading these instructions, please return
them to the envelope and do not let the examiner know what
they said.

General malingering
In this study, you are going to complete a series of cognitive tasks
that are like those administered in a real clinical evaluation to indi-
viduals who have concerns about their cognitive and psycho-
logical skills.

We would like you to take all of these tests without trying your
best. We would like for you to not put in any effort on these tasks.

When you are finished reading these instructions, please return
them to the envelope and do not let the examiner know what
they said.

Decision making malingering
In this study, you are going to complete a series of cognitive tasks that
are like those administered in a real clinical evaluation to individuals
who have concerns about their cognitive and psychological skills. As
you take the tests, we would like you to behave as though you are the
following student:

You are hoping to attend graduate school and are worried that
the fact that you are such a slow test taker might influence your
scores on the entrance exams for school. Some classmates have
told you that they get extended time accommodations and a
private testing room because they have been diagnosed with
decision making impairments, meaning they have significant
difficulty deciding between two or more options on tests and in
other situations. You think that you at least sometimes have
similar problems that might explain your slow test taking. Thus,
you want to seek out an evaluation in order to try to convince
the person who examines you that you have decision making
impairments and thus should be able to get extended time and
private room accommodations on testing.

When you are finished reading these instructions, please return
them to the envelope and do not let the examiner know what
they said.
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