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Abstract

Affective decision-making (ADM) is recognized as the ability to effectively reappraise

stimuli during these decisions to make choices that maximize long-term outcomes.

Currently, the Iowa Gambling Task (IGT) is the gold-standard measure of ADM. Previ-

ous research has shown that other commonly used decision-making tasks such as the

Balloon Analog Risk Task (BART) and Columbia Card Task (CCT) are unrelated to the

IGT and may assess distinct decision-making constructs from ADM. Yet the exact

decision-making constructs that these tasks assess may be dependent on the scoring

method utilized. One-hundred and eight-four participants (18–58 years; M = 26.29,

SD = 7.79) completed the IGT, BART, and CCT. The relationships between these

tasks while utilizing both traditional and novel scoring methods for the BART and

CCT were investigated. Results showed that whether using the novel or traditional

scoring methods, the BART failed to produce any meaningful relationships with the

IGT or CCT. The BART may capture unique decision-making processes involved dur-

ing conditions of uncertainty, whereas the other tasks involve decision-making pro-

cesses under conditions of known risk. Alternatively, the lack of meaningful

relationships may be due to the stochastic design of the BART. Conversely, the novel

and traditional scoring methods for the CCT, which were not significantly correlated

with each other, were both related to the IGT. Ultimately, this study showed that the

CCT can capture different decision-making constructs depending on the scoring

methods used. The traditional scoring method, the total number of cards flipped,

assesses risk propensity, whereas the newly developed optimal–suboptimal differ-

ence score assesses ADM.
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1 | INTRODUCTION

Decision-making is defined as the process of selecting an option or

action out of two or more competing choices (Buelow, 2015). Cru-

cially, these decisions are not reflexive and involve deliberate goal-

directed consideration to achieve a specific outcome (Wang, 2008). It

has been suggested that all decision-making contains an emotional

(“hot”) component and a cognitive (“cool/cold”) component

(Buelow & Blaine, 2015). The hot component refers to the emotions

experienced as a function of uncertainty regarding the potential con-

sequences or the risk of attaining negative outcomes inherent within

the decision-making process (Wang, 2008). Conversely, the cool com-

ponent purely represents the cognitive information processing that

occurs during the decision-making process, independent of emotional

processing (Peters et al., 2006).

Cool decision-making processes are purported to be associated

with the attainment of logical outcomes (Timmer et al., 2021). How-

ever, such characterizations are problematic since hot and cool

decision-making processes cannot be disentangled (Figner

et al., 2009). Emotions, as described by Lerner et al. (2015), have a

persistent influence on decision-making, albeit to a varying degree.

Our current emotional state due to the decision or incidental influ-

ences, perception of consequences or expected outcomes, and level

of motivation are all factors that influence decision-making (Lerner

et al., 2015), alongside any deliberate cost–benefit analyses (i.e., cool

component). Given the persistent presence of emotions during

decision-making there is considerable individual variability in how

people approach decisions, particularly those imbued with highly emo-

tional circumstances (e.g., financial, or health-related decisions). Sub-

sequently, researchers are interested in how individuals approach

affective decision-making (ADM)—that is the ability to flexibly

appraise whether to approach or avoid an option or action, with the

intention of maximizing optimal outcomes (Zelazo & Carlson, 2012).

The work of Edmund Rolls (2019) has demonstrated that ADM is

dependent on an intact orbitofrontal cortex (OFC). The OFC (com-

prised Brodmann areas 11, 12, and 13) receives inputs from cortical

sensory regions that process information independent of emotional

valence (e.g., primary taste cortex, primary olfactory cortex, inferior

temporal visual cortex, temporal cortical auditory areas, and somato-

sensory cortex; Dixon et al., 2017; Rolls, 2019). These inputs pro-

jected to the OFC are then rapidly appraised, which involves

determining the expected outcome of a perceived stimulus/action

and whether it is a reward or punishment, pleasant or unpleasant

(Rolls, 2019). Once emotional valence has been ascribed to a stimu-

lus/action the OFC projects this information to the ventromedial pre-

frontal cortex (VMPFC) and cingulate cortex to guide decision-making

(Rolls, 2019). Crucially, the OFC can rapidly override learned stimuli-

reward associations should choice-relevant stimuli be incorrectly

interpreted (Rolls, 2019), which allows for prudent behavioral

change—the central component of successful ADM (Zelazo &

Carlson, 2012). Supportively, increased activation of the OFC has

been directly linked to the magnitude of anticipated and received

rewards or punishments (Kahnt et al., 2010; Roesch & Olson, 2007;

Schnider et al., 2005). Additionally, OFC lesion patients have

repeatedly demonstrated insensitivity to rewards or punishments, and

displayed poorer decision-making, often selecting unfavorable choices

that do not serve long-term goals and show no sign of reverse learn-

ing (i.e., adjusting from irrational choice selection; Bechara

et al., 1994; Fellows, 2007; Howard & Kahnt, 2021). Beyond, the neu-

roanatomical context, it is important to acknowledge that there are

tangible differences in ADM among neurotypical individuals. Varia-

tions in ADM can have considerable real-world consequences, mani-

festing in behaviors such as problem gambling (Brevers et al., 2013)

and substance abuse (Buelow & Suhr, 2009). Therefore, a thorough

understanding and precise assessment of ADM is essential to provide

insight into how people may vary in their responses to rewards, pun-

ishments, and their overall decision-making strategies.

To date, the Iowa Gambling Task (IGT) is the most frequently

used measure of ADM (Buelow & Blaine, 2015). Bechara et al. (1994)

developed the IGT to create a laboratory task that mimics real-life

decision-making. Participants are required to select a card from one of

four decks where they could win or lose money; however, the proba-

bility associated with each deck is initially unknown. Successful per-

formance is demonstrated through participants learning to reappraise

the motivational significance of the two initially desirable high-reward

decks, which, if selected consistently over time, result in greater losses

and switch to selecting from the low-reward decks as these produce

an overall net benefit (Bechara et al., 1994). The total number of times

participants select from the low-reward decks in the last 60 trials is

used as a measure of ADM. The initial 40 trials are discarded from the

score since the risks associated with each deck are initially unknown

to participants; thus, their choices reflect decision-making under con-

ditions of uncertainty. However, the subsequent 60 trials, where par-

ticipants have had the opportunity to learn the risks associated with

each deck, capture their decision-making under known risks. Crucially,

this scoring method successfully captures the core component of

ADM, that is, a person's ability to reappraise stimuli and change their

behavior to maximize long-term rewards (Zelazo & Carlson, 2012).

Critically, the IGT was one of the key tasks used to help identify the

role of the OFC in ADM (Bechara et al., 1994). Patients with OFC

lesions display stagnated decision-making strategies on the IGT,

inflexibly shifting away from the high-risk deck resulting in more dis-

advantageous choices and an overall net loss (Bechara et al., 1994;

Fellows, 2007; Ouerchefani et al., 2017). Additionally, greater activa-

tion of the OFC during the IGT has been linked to shifting from the

high-risk to the low-risk deck resulting in more advantageous choices

and an overall net gain (i.e., superior ADM; Li et al., 2010; Zha

et al., 2022).

Since the inception of the IGT, the task has been considered the

gold-standard ADM measure and has demonstrated sound ecological

validity (Brevers et al., 2013). It has been widely used across various

populations with significant real-world implications. For example,

problem-gamblers (Brevers et al., 2013), patients with substance

abuse (Buelow & Suhr, 2009), violent criminals (Umbach et al., 2019),

and children with foetal alcohol syndrome (Kully-Martens

et al., 2013), have all showed impaired decision-making on the IGT
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when compared to control groups. Furthermore, IGT performance has

been shown to be predictive of both gambling behaviors and diagnos-

tic criteria for gambling disorders (Brevers et al., 2013). More recent

meta-analytic evidence has further illustrated the importance of ADM

assessment. Medium to large effect sizes were observed when com-

paring performance on the IGT between healthy controls to obese

individuals (Rotge et al., 2017), patients with alcohol use disorder or

gambling disorder (Kovács et al., 2017), and patients with schizophre-

nia (Betz et al., 2019). Therefore, the assessment of ADM provides

valuable information on potential vulnerabilities individuals may face

with decision-making in their daily lives. Nonetheless, despite demon-

strated validity, the IGT has been criticized for its poor test–retest

reliability (r = .51; Buelow & Barnhart, 2018), although this could be

attributed to learning effects which are central to task performance.

Once participants realize particular choices involve greater risk, they

typically modify their behavior and select more from the low-risk

decks, improving their performance compared to previous attempts

(Buelow & Barnhart, 2018). When test–retest reliability is assessed

over a longer period (i.e., greater than a year) reliability properties

have been shown to improve (r = .74; Tuvblad et al., 2013).

There are many gambling-based decision-making tasks that pro-

vide participants with choices that could result in reward or punish-

ment (Weber & Johnson, 2009), although few accurately assess ADM.

These tasks produce greater levels of emotional salience compared to

other cognitive tasks by emphasizing choices with the potential for

gain or loss, increasing the engagement of cortical regions such as the

OFC (Løvstad et al., 2012). However, for a task to accurately assess

ADM the decision-making process should involve conditions of risk,

where the outcomes and probabilities are apparent through experi-

ence, rather than conditions of uncertainty, where the outcome prob-

abilities are unknown. This dynamic allows researchers to evaluate

whether participants can flexibly appraise choices and pursue more

prudent decisions (Bechara et al., 1994; Zelazo & Carlson, 2012). Few

gambling-based tasks have scoring protocols that capture participants'

ability to reappraise stimuli. Thus, ADM has been predominately mea-

sured through the IGT. This limits our understanding of construct

validity and the factors that influence ADM as assessment has been

mostly constrained to the task-specific context of the IGT.

The Balloon Analog Risk Task (BART) is another widely used

decision-making task that has sometimes been viewed as analogous

to the IGT (Buelow & Blaine, 2015), although it is predominately used

as a measure of risk-propensity (i.e., an individual's orientation

towards taking or avoiding risk; Canning et al., 2022; Wang

et al., 2022). During the BART participants are given the dichotomous

choice to either pump a virtual balloon using a keyboard space bar,

accruing virtual money with each pump, or stop and collect the

amount accumulated (Lejuez et al., 2002). Communicated to the par-

ticipants is that the chances of the balloon popping increase with each

subsequent pump, which would result in losing their accumulated

money for the current trial. Previous research has demonstrated con-

vergent validity for the BART as performance has been associated

with self-reported, real-world risk-taking behavior (e.g., substance

abuse and gambling; Hopko et al., 2006; Hunt et al., 2005; Lejuez,

Aklin, Jones, et al., 2003; Lejuez, Aklin, Zvolensky, et al., 2023), and

self-reported sensation-seeking and impulsivity (Buelow &

Blaine, 2015; Xu et al., 2013). The BART has also shown sound test–

retest reliability across a 2-week period (r = .77; White et al., 2008).

Conflicting results, however, call the validity of the BART into ques-

tion. Firstly, an analysis of the effect size across 22 studies found the

relationship between the BART and sensation-seeking was small–

medium, and the relationship between the BART and impulsivity was

small (Lauriola et al., 2014). Furthermore, performance on the BART

has been inconsistently related to alcohol use (Canning et al., 2022)

and was not found to be positively related to problematic social media

usage (Meshi et al., 2020).

The BART is typically scored using the adjusted average number

of pumps, representing the average number of pumps on trials where

money was collected (Lejuez et al., 2002). While this scoring method

excludes trials where balloons popped, under the rationale that

popped balloons prematurely limit the amount of risk participants can

take, it may not capture ADM. This is partly because decisions within

the BART are made under conditions of uncertainty due to the

unknown and randomized pop probability, differing from decision-

making under known risk. It is crucial to recognize that with the risk of

balloon pops being unknown, participants' decision-making is primarily

informed by their experiences of both successful and unsuccessful tri-

als. Since these experiences vary and are not standardized, individuals

who encountered an early balloon pop might adapt their approach to

the task differently compared to those who experienced a series of

successful trials (Kessler et al., 2017). Subsequently, the learning con-

ditions within the BART are inherently based on these random experi-

ences, leading each participant to develop a unique understanding of

the risk–reward balance. This individualized perception, in turn,

shapes their subsequent decision-making strategy. Supportively, Di

Plinio et al. (2022) showed that once randomness was controlled for

by administering fixed-probability trials, the BART more accurately

predicted participants' risk-taking profiles. This finding suggests that

the task's stochastic design may be one possible explanation for the

conflicting results regarding its validity. Furthermore, while adaptation

during the BART can occur following both balloon pops and success-

ful trials, the standard measure of the adjusted average number of

pumps remains a problematic measure of ADM. This scoring method

may not adequately capture how participants reappraise and adjust

their strategies throughout the task (De Groot, 2020; Di Plinio

et al., 2022).

An alternative scoring measure for the BART that may more accu-

rately reflect ADM is “post-pump loss,” originally proposed by

Schmitz et al. (2016). This scoring method for the BART seeks to cir-

cumvent the task's stochastic design by providing participants a score

that is relative to their experience instead of a score influenced by

uncertainty surrounding the balloon pop probability. Post-pump loss

is calculated by averaging the difference between the number of

pumps on a loss trial and the immediate subsequent trial where partic-

ipants elected to collect money prior to a balloon pop. Rather than

providing the magnitude of risk-taking, similar to the IGT, this scoring

method captures reappraisal following a negative consequence
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(i.e., balloon pop) by quantifying whether a person responds by engag-

ing in impulsive compensatory behavior (signified by an increased

number of pumps) or displays superior ADM through reducing the

number of pumps. Crucially, by only utilizing trials immediately after a

balloon pop, this scoring method seeks to evaluate if participants

incorporate their experiences from prior trials as known risks. This

contrasts with the conventional scoring method of the BART, which

utilizes all successful collect trials and consequently is more influenced

by decisions made under conditions of uncertainty. Neuroimaging

studies have shown the greatest level of OFC activation followed a

balloon pop (Schonberg et al., 2012; Wang et al., 2022), which likely

represents participants reappraisal of the task following negative con-

sequences. Post-loss pumps are arguably the ideal scoring method to

assess ADM, as the score attempts to capture behavioral changes fol-

lowing a balloon pop.

One of the newest gambling-based decision-making tasks is the

Columbia Card Task (CCT; Figner et al., 2009), which has both hot and

cool versions. This computerized task comprises 32 face-down cards

which participants flip over to reveal a potential gain or loss. In the

cool version participants are asked to make a singular decision at

the start of each trial on the number of cards they will flip over,

whereas the hot version involves a stepwise decision-making process

where the participants flip over one card at a time (Figner

et al., 2009). The novelty of the CCT is the fluctuating levels of gain

(e.g., $10 or $30), loss (e.g., �$250 or �$750), and probability (e.g., 1

or 3 loss cards) presented to participants within each trial. This allows

researchers to gain a deeper understanding of participants' consider-

ations when making decisions under conditions of known risk

(Haffke & Hübner, 2020; Kluwe-Schiavon et al., 2020). The CCT has

not been as extensively utilized in research compared to the IGT and

BART (Buelow, 2015), although recent studies have demonstrated

that cocaine-dependent users (Kluwe-Schiavon et al., 2020), VMPFC

lesion patients (Spaniol et al., 2019), and sleep-deprived individuals

(Salfi et al., 2020) all displayed significantly greater risk propensity on

the CCT compared to control counterparts.

The primary scoring method for the CCT is the total number of

cards flipped (Figner et al., 2009). While this scoring method provides

insightful information into participants' risk propensity, the total num-

ber of cards flipped is problematic for assessing ADM as it is not nec-

essarily a sensitive measure of a person's ability to reappraise stimuli

and decide whether to approach or avoid decisions with the intention

of maximizing reward. The total number of cards flipped fails to cap-

ture nuances in decision-making across the CCT's varying levels of

gain, loss, and probability. For example, this scoring method cannot

distinguish between circumstances when a person flipped a consistent

number of cards across all trials compared to a person who elects to

flip a few cards during trials when the gain amount was low and more

cards during trials when the gain amount was high. To compensate for

this limitation, Figner et al. (2009) proposed the information use score,

which identifies how many of the fluctuating trial criteria participants

responded to. The score is calculated by conducting an ANOVA at an

individual/subject-level to determine if there is a significant difference

in the number of cards flipped when a trial criterion (i.e., gain, loss, or

probability) is low compared to high. For each significant difference

identified participants receive one point. Therefore, information use

scores range from 0 to 3, with the minimum score indicating a partici-

pant accounted for none of the trial criteria in their decision-making,

and the maximum score indicating they factored in all trial criteria

(Figner et al., 2009). Unfortunately, by relying on identifying all-

or-nothing statistical differences, this scoring system does not capture

the magnitude to which individuals utilized the gain, loss, or probabil-

ity criteria.

Potentially, the difference between the average number of cards

flipped on optimal trials (i.e., trials with at least two of the following

criteria: low loss, high gain, low probability) compared to suboptimal

trials (i.e., trials with at least two of the following criteria: high loss,

low gain, high probability) could provide a superior measure of ADM

for the CCT. The proposed “optimal–suboptimal difference,” rather

than capturing participants' risk propensity, captures the degree to

which participants modify their decision-making when presented with

favorable or unfavorable conditions across the varying levels of gain,

loss, and probability. Higher scores would indicate superior ADM as

more cards were selected during optimal trials, when odds were favor-

able, compared to suboptimal trials where odds are unfavorable.

While the impact of randomness cannot be completely removed from

the CCT, by creating an average across all optimal/suboptimal trials

the effect of randomness will potentially be distributed across the two

trial conditions, and therefore mitigated.

Despite the fact that Buelow and Blaine (2015) theorized the IGT,

BART, and CCT assess ADM, the results of their exploratory factor

analysis found limited evidence that these tasks measure the same

construct. Their study found that the BART and CCT loaded together

weakly, whereas the IGT loaded separately. Buelow and Blaine (2015)

therefore suggested these measures assess unique components of

decision-making; however, there were two methodological issues that

could have impacted the results of the factor analysis. Firstly, perfor-

mance on the IGT and the BART were divided into five 20-block trials,

and three 10-block trials, respectively, which were then input as sepa-

rate variables into the factor analysis. This unconventional scoring

method is problematic as the varimax rotation used attempts to asso-

ciate each variable with a single factor (Floyd & Widaman, 1995). This

could be the reason why the IGT blocks loaded together on a single

factor separate from the BART blocks, since performance on one

block of a task is closely associated with subsequent blocks of that

same task (e.g., block 1 of the BART would likely share a stronger rela-

tionship with other blocks from the BART compared to blocks from

the IGT due to overlapping methodology). Thus, the relationships

between tasks were likely suppressed by the stronger

relationships within the blocks of a task.

Secondly, Buelow and Blaine (2015) tested the relationship

between the tasks using conventional scoring methods. As previously

discussed, unlike the IGT, the original scoring methods used for the

BART and CCT fail to capture the core component of ADM;

the capacity to reappraise emotionally salient stimuli and adapt to

make more advantageous decisions. As a result, these scoring

methods which measure the frequency of specific behaviors
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(e.g., number of pumps/cards flipped) likely assess risk propensity. In

the case of the BART, risk propensity is assessed within a static set-

ting as participants are presented with indistinguishable trials where

the probability of the balloon popping is unknown and they are given

a dichotomous decision to either pump the balloon or collect the

money (Weber & Johnson, 2009). Conversely, in the case of the CCT,

risk propensity is assessed within a dynamic setting as the probability

of loss fluctuates across trials and is known by participants (Haffke &

Hübner, 2020). Utilizing the alternative scoring methods previously

discussed (i.e., post-loss pumps for the BART and optimal–suboptimal

difference for the CCT) could allow these tasks to more appropriately

assess ADM.

Decision-making is a pervasive component of everyday life, with

adults estimated to make 35,000 decisions a day (Pignatiello

et al., 2020). ADM in particular is a vital construct as it directly relates

to our capacity to behave in a prudent manner during emotional cir-

cumstances (Zelazo & Carlson, 2012). The IGT is currently the only task

with a theoretically grounded scoring method for ADM, while other

tasks such as the BART and CCT have been used as presumed mea-

sures of ADM. Therefore, it is important to delineate the precise

decision-making construct assessed by these three prevalent laboratory

decision-making tasks. Identifying whether the IGT, BART, and CCT

assess distinct or separable decision-making constructs will provide

clarity for future studies aiming to investigate different decision-making

mechanisms and how these impact real-world judgments and choices.

2 | THE PRESENT STUDY

With modified scoring methods the BART and CCT may also be capa-

ble of measuring ADM, allowing these tasks to provide further infor-

mation on construct validity and the factors that influence ADM,

beyond the task-specific context of the IGT. Therefore, this study

aimed to investigate the relationships between the IGT, BART, and

CCT using both traditional and alternative scoring methods for the

BART and CCT designed to more effectively capture ADM. It was

hypothesized that when traditional scoring methods were used there

would be a significant relationship between the BART and CCT, but

not between these measures and the IGT. It was further hypothesized

that the IGT, BART, and CCT, would be significantly related when

alternative scoring methods were used on the BART (i.e., post-loss

pumps) and CCT (i.e., optimal–suboptimal difference).

3 | METHOD

3.1 | Participants

A sample of 184 participants aged between 18 and 58 years were

recruited from the Greater Melbourne (Victoria, Australia) area

through convenience and snowball sampling methods via electronic

advertisements posted on social media (e.g., Facebook) and on univer-

sity notice boards. An a priori G-power analysis, with alpha set at .05,

statistical power at .80, and anticipating a small to medium effect size

(i.e., 0.2–0.3), recommended a minimum sample of 84 to 193 partici-

pants to conduct two-tailed correlation analyses. Participants were

recruited between December 2020 and December 2021, and inclu-

sion criteria for the current study required participants to be aged

between 18 and 60 years, with normal or corrected to normal vision,

and no currently diagnosed psychological disorder (e.g., mood disor-

ders and anxiety disorders) or pre-existing neurological disorder

(e.g., Alzheimer's and Dementia and ADHD). Participants' drug and

alcohol use was not assessed during this study. Demographic informa-

tion is presented in Table 1. For taking part in the study each partici-

pant was compensated with a $20 gift card and an optional brief

personality report (that was produced as part of a larger study). To

mitigate potential fatigue effects, all tasks were administered in a

counterbalanced order. Participants were randomly assigned to com-

plete the tasks in one of three predetermined sequences (see Table 2).

3.2 | Materials

3.2.1 | Demographics questionnaire

A demographics questionnaire was administered via the online plat-

form Inquisit Version 6 (Millisecond Software, 2022), collecting infor-

mation on participants' eligibility to participate, age, gender, and

TABLE 1 Participant demographic information (N = 184).

Variable M (SD) n %

Gender

Men 78 42.4

Women 105 57.1

Non-binary 1 0.5

Age 26.29 (7.79)

Education

High school 60 32.6

Certificate 3 or 4 19 10.3

Diploma or advanced diploma 16 8.7

Bachelor's or honors degree 85 46.2

Master's degree 3 1.6

Doctorate 1 0.5

TABLE 2 Counterbalanced test orders used in the current study
(N = 184).

Order A
n = 61

Order B
n = 63

Order C
n = 60

1) IGT BART CCT

2) CCT IGT BART

3) BART CCT IGT

Abbreviations: BART, Balloon Analog Risk Task; CCT, Columbia Card Task;

IGT, Iowa Gambling Task.
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education. Participants who self-reported a current psychological or

pre-existing neuropsychological condition or aged below 18 or above

60, were informed they were ineligible to participate in the current

study and thanked for their time.

3.2.2 | IGT

The IGT consists of five blocks of 20 trials that present participants

with four decks of cards. In each trial, participants are asked to select

a card from one of the four decks (see Figure 1). Two of the decks

provide larger gains (e.g., $100); however, there is a great risk of larger

losses (e.g. �$1250), whereas the other two decks provide smaller

gains (e.g., $50) and smaller losses (e.g. �$250). The cards within each

deck are randomized without replacement to bias outcomes. Repeat-

edly selecting the decks with larger gains will result in an overall net

loss, while selecting from the decks with smaller gains will result in an

overall net gain. Each participant starts with a hypothetical $2000,

and they are told that the goal is to maximize profit. The total number

of times participants selected from the two advantageous decks in the

final three blocks (i.e., last 60 trials) provides a measure of ADM, with

higher scores demonstrating superior ADM as they show adjustment

to repeated significant negative consequences from the disadvanta-

geous decks (Bechara et al., 1994).

3.2.3 | BART

The BART consists of three blocks of 10 trials where participants are

tasked with maximizing profit across three blocks of 10 trials. In each

trial, participants are presented with a simulated balloon and choose

to either pump the balloon, accruing $1 for each pump, or at any point

collect the hypothetical money accumulated for that trial contributing

to their overall money earned (see Figure 2). However, with each con-

secutive pump, excluding the initial two pumps, there is a chance the

balloon will pop (i.e., 1/18, 1/17, and 1/16) resulting in no money

being earned for that trial. The algorithm, unbeknownst to partici-

pants, places the average explosion point at 11 pumps, guaranteeing

the balloon will pop at the twentieth pump. This study adopted a

modified version of the BART (�Eltet}o et al., 2019), which increased

the reward for each pump from $.05 to $1 and shortened the maxi-

mum possible pumps for each balloon from 128 to 20 to minimize

potential participant fatigue across ADM tasks.

Two sores were obtained from the BART. First, the traditional

score adjusted the average number of pumps (i.e., the average number

of pumps on successful trials where money was collected) reflecting

risk propensity. The adjusted number of pumps removes the constraint

in participants' scores from trials where the balloon pops, as these trials

end prior to assessing the maximum risk participants were willing to

take (Lejuez, Aklin, Jones, et al., 2003; Lejuez, Aklin, Zvolensky, et al.,

2023). Second, post-loss pumps (i.e., the average difference between

the number of pumps on balloon pop trials and immediately subse-

quent successful trials where money was collected; Schmitz

et al., 2016) assessing ADM. The score captures the relative change in

the number of pumps after experiencing a loss. Trials with consecutive

balloon pops are discounted from post-loss pump scoring. Participants

who on average reduce the number of pumps on trials following a bal-

loon explosion trial receive a negative post-loss pump score. Lower

post-loss pump scores are considered to demonstrate superior ADM as

participants showed adjustment to negative consequences (i.e., balloon

pop) and avoided compensatory risk-taking behavior in the following

trials (i.e., increased number of pumps; Schmitz et al., 2016).

F IGURE 1 Screenshot of the IGT
used in the current study.
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3.2.4 | Columbia Card Task (CCT)

This study utilized a shortened CCT “hot version” (Penolazzi

et al., 2012). In each trial, participants are presented with a series of

32 simulated facedown cards in four rows of eight cards (see

Figure 3). Each card is either a gain card providing participants with

money or a loss card where participants lose money (see Figure 4),

with the trial immediately ending when a loss card is turned over.

Hypothetical money was used instead of the original points to

maintain task salience with the BART and IGT. Participants are

instructed to maximize money across the 24 trials by flipping over one

card at a time; however, at any point, participants could choose to

end the trial without incurring a loss and accumulate the money

earned in that trial to their overall total. Trials are presented in a fixed

order with each combination of a number of loss cards (1 or 3),

amount per gain card ($10 or $30), and loss amount ($250 or $750),

presented three times (Penolazzi et al., 2012). Participants are notified

of the current trial criteria at the top of their screen.

F IGURE 2 Screenshot of the BART
used in the current study.

F IGURE 3 Screenshot of the CCT
used in the current study.

F IGURE 4 The facedown, gain card, and loss
card stimuli for the CCT. Note: Question mark
indicates facedown card, smiley face indicates gain
card, and sad face indicates loss card.
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Three scores were obtained from the CCT. Firstly, the typical

scoring method tallies the total number of cards turned over and pro-

vides a measure of risk propensity. Second, the information use score,

which determines how many trial criteria participants were sensitive

to (i.e., gain, loss, probability; see Figner et al., 2009). Lastly, the “opti-
mal–suboptimal difference” novel scoring method was implemented

to capture ADM. This score represents the difference between the

average number of cards flipped during optimal trials (i.e., trials with

the following criteria: 1 loss card, $30 per gain card, and �$250 per

loss card) compared to the average number of cards flipped during

suboptimal trials (i.e., trials with the following criteria: three loss cards,

$10 per gain card, and �$750 points per loss card). A higher score

indicates that on average the participant flipped over more cards dur-

ing the most advantageous trials compared to the least advantageous

trials, thus demonstrating superior ADM.

3.3 | Procedure

The current study received ethics approval from the Victoria Univer-

sity Human Research Ethics Committee. Individuals who expressed

interest in participating in the study were emailed a participant infor-

mation form, detailing the goals and procedure of the study, and sent

a hyperlink. The link was to Inquisit Version 6 (Millisecond

Software, 2022), which ascertained participants' informed consent

and contained the demographic questionnaire and computerized

decision-making tasks (IGT, BART, CCT). Participants were instructed

to access the link at a time and place most convenient to them and

complete the tasks with no enforced time limit.

3.4 | Statistical design

Test performance data was imputed, cleaned, and analyzed using IBM®

SPSS® Statistics Version 27. The primary analysis involved investigating

the relationship between the three ADM measures (IGT, BART, CCT).

First, Pearson's correlation analysis explored the relationship between

IGT scores (i.e., adjusted advantageous deck selected), the two BART

scores (i.e., adjusted average pumps, and post-loss pumps), and the

three CCT scores (i.e., total cards selected, information use score, and

optimal–suboptimal difference). These variables were normally distrib-

uted with skewness and kurtosis values between �3 and 3, and no

standardized values were beyond �3 and 3 indicating no outliers

(Field, 2018). However, one participant was missing a post-loss pump

score on the BART as they did not experience a balloon pop.

Second, three principal axis factor analyses were performed with

Varimax rotation, which attempts to extrapolate the smallest number

of factors with the highest correlations between variables and their

respective factors whilst minimizing relationships between factors

(Floyd & Widaman, 1995). The first factor analysis replicated Buelow

and Blaine (2015) and included IGT advantageous minus disadvanta-

geous card selection for blocks 1–5, BART adjusted average pumps

for blocks 1–3, and CCT average number of cards selected. The

second factor analysis only utilized a single score for each task, follow-

ing the original scoring method: IGT-adjusted advantageous deck

selected, BART-adjusted average pumps, and CCT total cards

selected. The third factor analysis utilized the IGT-adjusted advanta-

geous deck selected, and the novel scoring methods for the BART

(i.e., post-loss pumps) and CCT (i.e., optimal–suboptimal difference).

The KMO statistic was below the acceptable limit of .5 for the second

factor analysis (KMO = .457) but was above the limit for the first and

third factor analysis (KMO = .717 and KMO = .504, respectively;

Kaiser, 1974). Furthermore, Bartlett's test of sphericity was significant

for the first χ2(36) = 679.949, p < .001 and the second factor analysis

χ2(3) = 23.058, p < .001, supporting the factorability of the correla-

tion matrix, however, was not significant for the third factor analysis

χ2(3) = 4.897, p = .180, suggesting that there may be insufficient cor-

relations for factor analysis.

Supplementary analyses were performed to explore the psycho-

metric properties of the newly proposed BART and CCT scoring

methods, utilizing publicly available datasets. While the full details of

these analyses extend beyond the primary focus of this study, their

results offer valuable insights for future research and are therefore

included in the supplementary materials for reference and further

exploration.

4 | RESULTS

4.1 | Correlation analysis

Results from Pearson's correlation analysis and descriptive statistics

for variables assessed in the current study are presented in Table 3.

Results from the Person's correlation revealed a significant relation-

ship between the IGT-adjusted advantage and both CCT scoring

methods, offering preliminary evidence of convergent validity

between these measures. Specifically, a weak negative relationship

was observed with total cards flipped, while a weak positive relation-

ship was observed with the optimal–suboptimal difference. Therefore,

participants who selected exhibit prudent decision-making on the IGT,

by selecting more from advantageous decks, tended to display similar

caution on the CCT by flipping fewer cards overall, and flipping more

cards during the optimal trials compared to suboptimal trials on

the CCT.

When examining the blocks of the IGT individually, performance

on blocks 3, 4, and 5 showed weak, negative correlations with the

total number of cards flipped on the CCT. Only performance on block

4 demonstrated a weak positive relationship to both the information

use and optimal–suboptimal difference score from the CCT. This sug-

gests that participants who are cautious in the latter states of the IGT

tend to be similarly cautious on the CCT by flipping fewer cards and

being more receptive to suboptimal trial conditions. Conceptually, the

relationships between the later trials of the IGT and all three scoring

methods used for the CCT suggest that both tasks may be capturing

similar aspects of decision-making under conditions of known risk as

opposed to under conditions of uncertainty.

8 of 15 SAMBOL ET AL.

 10990771, 2024, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/bdm

.2367 by V
ictoria U

niversitaet, W
iley O

nline L
ibrary on [24/06/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



T
A
B
L
E
3

D
es
cr
ip
ti
ve

st
at
is
ti
cs

an
d
co

rr
el
at
io
ns

fo
r
de

ci
si
o
n-
m
ak
in
g
ta
sk
s
(N

=
1
8
4
).

V
ar
ia
bl
e

R
an

ge
M

SD
1
.

2
.

3
.

4
.

5
.

6
.

7
.

8
.

9
.

1
0
.

1
1
.

1
2
.

1
3
.

1
4
.

1
5
.

1
.I
G
T
A
-D

1
�1

6
–2

0
�2

.3
5

6
.9
6

–
.4
6
0
**

.4
0
8
**

.2
8
7
**

.2
3
0
**

�.
3
6
8
**

.0
5
7

.0
2
6

.0
3
8

.0
4
6

�.
0
0
5

�.
0
9
8

�.
0
9
8

.0
7
4

�.
0
2
0

2
.I
G
T
A
-D

2
�2

0
–2

0
�2

.1
0

8
.8
7

–
.4
3
7
**

.3
0
3
**

.3
4
2
**

�.
4
3
3
**

�.
0
4
3

�.
0
6
1

�.
0
4
8

�.
0
5
3

�.
1
3
3

�.
0
7
6

�.
0
7
6

.0
6
9

�.
0
1
7

3
.I
G
T
A
-D

3
�2

0
–2

0
0
.3
3

9
.4
4

–
.6
0
9
**

.4
2
1
**

�.
8
0
6
**

.0
5
0

.0
3
0

�.
0
0
6

.0
2
9

�.
0
4
4

�.
1
9
2
**

�.
1
9
2
**

.0
8
5

.0
6
7

4
.I
G
T
A
-D

4
�2

0
–2

0
2
.5
4

9
.1
2

–
.5
9
3
**

�.
8
7
4
**

.0
8
5

.1
0
8

.1
2
7

.1
1
2

.1
1
2

�.
2
5
0
**

�.
2
5
0
**

.1
8
6
*

.2
0
4
**

5
.I
G
T
A
-D

5
�2

0
–2

0
3
.8
0

1
0
.2
3

–
�.
8
1
9
**

.0
0
1

�.
0
9
2

�.
0
2
5

�.
0
4
4

�.
0
0
4

�.
2
5
9
**

�.
2
5
9
**

.0
7
2

.1
3
9

6
.I
G
T
A
A

0
–5

4
2
6
.6
6

1
1
.9
8

–
�.

0
5
3

�.
0
1
4

�.
0
3
5

�.
0
3
5

�.
0
2
3

.2
8
1
**

.2
8
1
**

�.
1
3
5

�.
1
6
4
*

7
.B

A
R
T
1

1
.7
0
–1

5
.5
0

6
.0
9

2
.4
1

–
.8
1
4
**

.6
8
9
**

.9
0
5
**

.4
7
2
**

.1
4
9
*

.1
4
9
*

.0
7
8

.0
5
4

8
.B

A
R
T
2

2
.2
0
–1

3
.2
9

6
.4
4

2
.3
6

–
.7
8
9
**

.9
4
6
**

.5
0
0
**

.1
8
3
*

.1
8
3
*

.1
1
5

.1
0
9

9
.B

A
R
T
3

2
.0
0
–1

2
.3
3

6
.5
0

2
.2
2

–
.8
9
5
**

.5
8
0
**

.1
8
2
*

.1
8
2
*

.0
5
9

.0
8
1

1
0
.B

A
R
T
A
A

1
.9
7
–1

2
.0
8

6
.3
4

2
.1
4

–
.5
5
2
**

.1
8
8
*

.1
8
8
*

.0
8
9

.0
8
7

1
1
.B

A
R
T
P
-L
P
a
�4

.0
0
–5

.0
0

0
.3
5

1
.5
2

–
.0
5
9

.0
5
9

.0
6
6

.0
2
3

1
2
.C

C
T
T
o
ta
l

7
2
–3

2
1

2
0
6
.2
0

5
1
.6
0

–
1
.0
0
0
**

.0
4
7

.0
9
9

1
3
.C

C
T
A
vr
g

3
.0
0
–1

3
.3
8

8
.5
9

2
.1
5

–
.0
4
7

.0
9
9

1
4
.C

C
T
IU

0
–3

0
.9
0

0
.6
1

–
.4
6
7
**

15
.C

C
T
O
-S
D

�8
.3
3
–2

2
.6
7

5
.6
6

5
.7
5

-

A
bb

re
vi
at
io
ns
:B

A
R
T
,B

al
lo
o
n
A
na

lo
g
R
is
k
T
as
k,
th
e
av
er
ag
e
nu

m
be

r
o
f
ba

llo
o
n
pu

m
ps

w
it
hi
n
a
1
0
-t
ri
al
bl
o
ck
;B

A
R
T
A
A
,B

al
lo
o
nA

na
lo
g
R
is
k
T
as
k,
o
ve

ra
ll
ad

ju
st
ed

av
er
ag
e
n
u
m
b
er

o
f
b
al
lo
o
n
p
u
m
p
s;
B
A
R
T
P
-L
P
,B

al
lo
o
n
A
n
al
o
g

R
is
k
T
as
k,
po

st
-l
o
ss

pu
m
ps
;C

C
T
T
o
ta
l,
C
o
lu
m
bi
a
C
ar
d
T
as
k,
th
e
to
ta
ln

um
be

r
o
f
ca
rd
s
fl
ip
pe

d;
C
C
T
A
vr
g,
C
o
lu
m
bi
a
C
ar
d
T
as
k,
th
e
av
er
ag
e
nu

m
be

r
o
f
ca
rd
s
fl
ip
p
ed

;C
C
T
IU
,C

o
lu
m
b
ia

C
ar
d
T
as
k,
in
fo
rm

at
io
n
u
se
;C

C
T
O
-S
D
,

C
o
lu
m
bi
a
C
ar
d
T
as
k,
o
pt
im

al
–s

ub
o
pt
im

al
di
ff
er
en

ce
.I
G
T
A
-D

,I
o
w
a
G
am

bl
in
g
T
as
k,
ad

va
nt
ag
eo

us
m
in
us

di
sa
dv

an
ta
ge

o
us

ca
rd

se
le
ct
io
n
w
it
h
a
2
0
-t
ri
al
bl
o
ck
;I
G
T
A
A
,I
o
w
a
G
am

b
lin

g
T
as
k,
ad

ju
st
ed

ad
va
n
ta
ge

o
u
s
ca
rd
s

se
le
ct
ed

.M
,m

ea
n;

SD
,s
ta
nd

ar
d
de

vi
at
io
n.

a C
o
rr
el
at
io
ns

w
it
h
B
A
R
T
P
-L
P
ar
e
at

n
=

1
8
3
.

*S
ig
ni
fi
ca
nt

at
.0
5
le
ve

l.

**
Si
gn

if
ic
an

t
at

.0
1
le
ve

l.

SAMBOL ET AL. 9 of 15

 10990771, 2024, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/bdm

.2367 by V
ictoria U

niversitaet, W
iley O

nline L
ibrary on [24/06/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



There was no significant relationship between either of the BART

scoring methods and the IGT, suggesting discriminant validity

between the constructs measured by these tasks. While the BART-

adjusted average demonstrated a weak positive relationship with the

CCT total cards flipped, this likely indicates a general tendency toward

risk propensity (i.e., participants with a higher number of pumps on

the BART also flipped over more cards on the CCT), and does not nec-

essarily translate to a robust measure of ADM. Notably, the absence

of a significant relationship between the BART, particularly when

using the “post-loss pumps” scoring method, and both the IGT and

the CCT's optimal–suboptimal difference score challenges our initial

assertions about the BART's efficacy in capturing ADM in the same

vein as the IGT or CCT.

4.1.1 | Exploratory factor analysis

Three EFAs were conducted to further investigate the underlying rela-

tionships between the IGT, BART, and CCT, and determine whether

these tasks assessed the same decision-making construct. Table 4 pre-

sents the factor loadings after varimax rotation for all three EFAs. Fol-

lowing the method ascribed by Buelow and Blaine (2015), the first

factor analysis produced a three-factor solution and accounted for

71.150% of the variance. Factor 1 comprised the adjusted average

number of pumps from blocks 1, 2, and 3 of the BART. Factor 2 com-

prised advantageous minus disadvantageous card selection from

blocks 4 and 5 of the IGT, and the average number of cards flipped

from the CCT. Lastly, factor 3 comprised the remaining blocks from

the IGT (i.e., blocks 1, 2, and 3).

The second factor analysis utilizing only the IGT-adjusted

advantage, BART-adjusted average, and CCT total cards produced a

two-factor solution accounting for a total of 78.513% of the variance.

Factor 1 comprised the IGT and CCT, whereas Factor 2 comprised

predominately of the BART and accounted for an additional 34.42%

of the variance. The third factor analysis substituting novel scoring

methods for the BART (post-pump loss) and CCT (optimal–suboptimal

difference) produced a one-factor solution accounting for a total of

38.914% of the variance. Varimax rotation could not be conducted

due to the single-factor solution, which saw strong loadings from the

IGT and CCT, and a weak loading from the BART.

5 | DISCUSSION

The current study aimed to evaluate the relationships between three

decision-making measures the IGT, BART, and CCT. It was further

aimed to investigate whether alternative scoring methods designed to

capture affective decision-making (ADM), post-loss pumps on the

BART, and optimal–suboptimal difference on the CCT would improve

relationships with the IGT. The first hypothesis that there would be a

significant relationship between the traditional scoring methods for

the BART and CCT, but not between these measures and the IGT was

partially supported. The traditional scoring methods for the BART and

CCT were weakly positively related, however, contrary to this hypoth-

esis a weak negative relationship was found between the total num-

ber of cards flipped on the CCT and the adjusted advantage score on

the IGT. The second hypothesis also found partial support. The alter-

native CCT score (optimal–suboptimal difference) was weakly corre-

lated with the IGT, although the alternative BART score (post-loss

pumps) did not significantly correlate with either the IGT or CCT.

The significant relationship between adjusted average pumps on

the BART and total cards flipped on the CCT aligned with researchers'

expectations. However, the weak strength of this relationship was

unexpected. Both scores were theorized to assess risk propensity as

they reflect the amount of risk participants were willing to take,

through the frequency of pumps or cards flipped (Canning

TABLE 4 Component matrix loading of factors extracted by EFAs.

Factor analysis 1 (n = 184)

Rotated loadings

Factor 1 Factor 2 Factor 3

IGT A-D1 0.037 0.076 0.798

IGT A-D2 �0.079 0.134 0.813

IGT A-D3 0.058 0.545 0.588

IGT A-D4 0.173 0.772 0.337

IGT A-D5 �0.018 0.739 0.283

BART 1 0.902 �0.003 0.010

BART 2 0.943 �0.044 �0.010

BART 3 0.897 �0.020 �0.006

CCT-Avrg 0.224 �0.689 0.172

Eigenvalue 2.745 2.606 1.053

Total variance 30.501% 28.953% 11.897%

Factor analysis 2 (n = 184)

Rotated loadings

Factor 1 Factor 2

IGT AA 0.857 0.205

BART AA 0.003 0.941

CCT Total �0.729 0.402

Eigenvalue 1.323 1.033

Total variance 44.093% 34.420%

Factor analysis 3 (n = 183)
Loadings
Factor 1

IGT AA 0.750

BART P-LP 0.209

CCT O-SD 0.750

Eigenvalue 1.167

Total variance 38.914%

Abbreviations: BART, Balloon Analog Risk Task, the average number of

balloon pumps within a 10-trial block; BART AA, Balloon Analog Risk Task,

overall adjusted average number of balloon pumps; BART P-LP, Balloon

Analog Risk Task, post-loss pumps; CCT Total, Columbia Card Task, the

total number of cards flipped; CCT Avrg, Columbia Card Task, the average

number of cards flipped; CCT O-SD, Columbia Card Task, optimal–
suboptimal difference; IGT A-D, Iowa Gambling Task, advantageous minus

disadvantageous card selection with a 20-trial block; IGT AA, Iowa

Gambling Task, adjusted advantageous cards selected.

10 of 15 SAMBOL ET AL.

 10990771, 2024, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/bdm

.2367 by V
ictoria U

niversitaet, W
iley O

nline L
ibrary on [24/06/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



et al., 2022; Figner et al., 2009). Therefore, it stands to reason if an

individual was willing to take a substantial risk on one of the tasks, this

would also translate to the other. One possibility for the weak rela-

tionship between the two tasks could be the static properties of the

BART and the dynamic properties of the CCT (Weber &

Johnson, 2009). All trials of the BART are identical with no new infor-

mation emerging throughout the task. Participants are only given the

choice to pump the balloon or collect the accumulated reward and are

never notified of the probability that a balloon will pop (Lejuez

et al., 2002). Conversely, participants are notified of the changing level

of gain, loss, and probability across the trials of the CCT. Thus, partici-

pants may have employed difference decision-making strategies for

the two tasks, as they could use deliberate decision-making processes

on the CCT based on known trial criteria (Figner et al., 2009), whereas

decisions for the BART are made under conditions of uncertainty

(Schonberg et al., 2012). Lastly, the stochastic design of the BART and

CCT results in randomly experiencing balloon pops or loss cards,

which may have further diminished the relationship between the two

tasks (De Groot, 2020).

Surprisingly, CCT's total number of cards flipped was significantly,

albeit weakly, related to IGT-adjusted advantage. Buelow and Blaine

(2015) suggested that the IGT, BART, and CCT assess different

decision-making constructs as they found each task loaded on a dis-

tinct factor. However, when we replicated their EFA we showed that

the CCT hot version strongly loaded with the last three blocks of the

IGT. Initially, the consequences of each deck on the IGT are unknown

to the participant and it is not until the third block that researchers

suggest that the level of risk becomes apparent (Bechara et al., 1994).

For the CCT the level of risk (i.e., probability of encountering a loss

card) is known at the start of each trial (Figner et al., 2009). Therefore,

the strong loading of the CCT with the latter trials of the IGT suggests

that once the consequences of each IGT deck were learned, those

who were more likely to select from the advantageous decks flipped

fewer cards on the CCT. In other words, those who understood the

calculated risk associated with the different IGT decks also displayed

a greater understanding of the calculated risk for the CCT. This first

EFA was limited by including the individual blocks of the BART and

IGT as separate variables. This increases the likelihood of identified

factors representing methodological overlap due to stronger associa-

tions between blocks of the same task, rather than an underlying cog-

nitive construct.

Subsequently, the second EFA only included a single score from

each decision-making task. The results supported a two-factor solu-

tion with a similar variance accounted for (78.513%) as the first EFA

(71.150%). Factor 1 exclusively contained the BART-adjusted average,

and factor 2 contained strong loadings from the IGT-adjusted advan-

tage and CCT total cards flipped. The discovery of consistent relation-

ships between CCT total cards flipped and IGT performance is

presumably due to risk-aversive tendencies. Previous research has

shown that people typically present as risk-averse (i.e., prefer to avoid

a loss than achieve a gain of similar value; Harrison &

Rutström, 2008), as cortical activity was greater following a punish-

ment compared to a reward of the same magnitude (Sokol-Hessner

et al., 2013). In both the CCT and IGT participants are given choices

where there is a risk of losing money and receiving a negative

(in debt) score. Crucially the probability of obtaining a negative out-

come is known by participants or in the case of the IGT becomes

apparent in later blocks due to the fixed deck outcomes. Thus, an

innate drive to avoid loss would have resulted in participants flipping

fewer cards on the CCT and selecting more from advantageous decks

on the IGT once they learned the associate risk of each deck. Risk

aversion would not motivate performance on the BART to the same

degree as the IGT and CCT, since the probability of negative out-

comes is unknown (De Groot, 2020) and participants never receive a

negative (in debt) score, but instead lose a potential reward (Lejuez

et al., 2002).

When investigating the relationships between the three decision-

making tasks while utilizing alternative scoring methods, the IGT and

CCT were still significantly correlated and shared strong factor load-

ings. Both scores are likely to capture the same ADM construct—the

flexible ability to whether approach or avoid a salient stimulus, with

the intention of maximizing beneficial outcomes (Zelazo &

Carlson, 2012). Participants who recognized the need to transition

from the high-reward and high-risk decks to low-reward but low-risk

decks to produce a greater reward also recognize the practicality of

reducing risk-taking during unfavorable trials (i.e., trials with at least

two of the following criteria: increased probability of encountering

loss cards, reduced gain, or increased loss) relative to favorable trials

(i.e., trials with at least two of the following criteria: reduced probabil-

ity of encountering loss cards, increased gain, or reduced loss). Impor-

tantly, the two scoring methods from the CCT (total cards flipped and

the optimal–suboptimal difference) were not significantly correlated,

despite both sharing a significant relationship with the IGT. This rein-

forces the notion that the novel optimal–suboptimal difference score

captures a distinct decision-making construct (i.e., ADM) compared to

the original CCT scoring method.

The relationship detected between optimal–suboptimal differ-

ence and adjusted advantage needs to be interpreted tentatively

given the weak effect size. Two methodological characteristics of the

CCT could have constrained the effect of observed relationships.

Firstly, similar to the BART, randomness is embedded into the design

of the CCT. It is possible individuals recognized the need to maximize

reward during favorable trials; however, they may have encountered a

loss card prematurely by chance, thereby limiting their total cards

flipped during optimal trials relative to suboptimal trials. Secondly, a

shortened hot version of the CCT (24-trials instead of 48; Penolazzi

et al., 2012) was used in the current study. The additional trials

included in the longer version may have more adequately diluted the

effect of randomness across the task and the sample. Therefore,

the shortened, stochastic design of the CCT could have minimized the

effect of the association between optimal–suboptimal difference and

IGT-adjusted advantage.

Unfortunately, the BART post-loss pump scoring method did not

significantly correlate with any score from the CCT or IGT. The third

EFA did produce a one-factor solution, although the BART post-loss

pump only weakly loaded onto this factor. Furthermore, the identified
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model only accounted for 38.914% of the variance, most of which is

attributed to the CCT and IGT, which was substantially less than the

two-factor solution identified by the second EFA (78.513%) where

the BART loaded onto an entirely separate factor. Ultimately, the cur-

rent study found no evidence that the BART can be used to

assess ADM.

Repeatedly, the BART demonstrated negligible relationships with

the other decision-making tasks and only presented strong relation-

ships with itself (e.g., adjusted average pumps and post-loss pumps).

Scores derived from the BART are likely to represent decision-making

under uncertainty—situations where the probability of outcomes is

entirely unknown (Steiner & Frey, 2021). In contrast, the CCT and IGT

can be considered decision-making under risk—situations where the

probability of outcomes is known. This distinction may be further con-

ceptualized through the lens of the “description vs. experience gap” in
risk-taking behavior (Hertwig & Wulff, 2022). In the BART, the uncer-

tainty of outcomes precludes the ability to predict or employ delibera-

tive decision-making strategies, leading to decisions largely based on

immediate experiences during the task (Johnson & Busemeyer, 2010).

Conversely, the CCT and IGT present scenarios where risks are either

initially described or become apparent after initial trials. This allows

participants to anticipate negative outcomes and apply more strategic,

deliberative decision-making processes, consistent with decisions

made on the basis of known risk descriptions (Johnson &

Busemeyer, 2010).

Research indicates that when decisions are based on experience,

rather than a defined level of risk, individuals tend to make riskier

choices (Hertwig & Wulff, 2022). This suggests that performance on

the BART, a task emblematic of decision-making under uncertainty, is

likely driven by factors distinct from those influencing the IGT or CCT.

For instance, while risk aversion might impact the choices made in the

IGT and CCT, where risks are known or become discernible, it may

not play as significant a role in the BART, where the associated risk

with each choice remains obscure (De Groot, 2020). Supporting this

theory, Di Plinio et al. (2022) found that the original BART was not

effective in predicting participants' risk-taking profiles, likely due to its

reliance on immediate experiences rather than deliberate decision-

making strategies. However, decisions on the BART are likely influ-

enced by participants' sensitivity to punishment (i.e., the degree to

which an individual is motivated to avoid negative outcomes). Hevey

et al. (2017) demonstrated that clinically depressed individuals signifi-

cantly reduced their number of pumps on the BART after experienc-

ing a balloon loss compared to healthy controls. The authors posited

that this reduced risk-taking behavior was attributable to heightened

punishment sensitivity, a characteristic feature of major depressive

disorder, thus offering a potential explanation for the unique perfor-

mance patterns observed on the BART (Hevey et al., 2017).

The distinction between decision-making under risk (i.e., CCT and

IGT) and decision-making under uncertainty (i.e., BART) does not only

align with the “description vs. experience” framework in risk-taking

behavior but is also neurologically grounded. The orbitofrontal cortex

(OFC) plays a pivotal role in stimuli appraisal, while the ventromedial

prefrontal cortex (VMPFC) is key in regulating decision-making

(Morawetz et al., 2019; Rolls, 2019; Sokol-Hessner et al., 2013).

Lesion studies have shown that individuals with impairments in these

regions exhibit increased risk-taking on the CCT (Spaniol et al., 2018)

and disadvantageous selections on the IGT (Fellows, 2007;

Ouerchefani et al., 2017), tasks that involve deliberative decision-

making strategies. Correspondingly, OFC activity has been linked to

reward processing and transitions from high-risk to low-risk choices in

the IGT (Li et al., 2010; Zha et al., 2022). Conversely, Schonberg et al.

(2012) reported a decrease in VMPFC activity with successive pumps

in the BART, a task where risks are unknowable, and decisions are pri-

marily guided by experience. Further research has shown that the

greatest level of cortical activity in this region follows a balloon pop

(Wang et al., 2022). These differential patterns of activation between

the OFC and VMPFC may reflect the underlying cognitive processes

specific to decision-making under risk or uncertainty. In tasks like the

CCT and IGT, there is increased neural activity as potential risks,

which are known or describable, are deliberated. In contrast, the

BART, governed by uncertainty, shows reduced activity during the

decision-making process when risks are unknown but heightened

activity during the processing of experienced outcomes. Regardless,

the inherent stochastic design of the BART limits its utility in certain

respects (De Groot, 2020). A potential solution, such as a scripted

BART that standardizes the experience of balloon pops among partici-

pants (Di Plinio et al., 2022; Steiner & Frey, 2021), could negate the

task's randomness. This would allow for a learning component regard-

ing the risks associated with each choice, shifting from decisions from

experience to decisions from description, thereby potentially enabling

the post-loss pump score to more accurately reflect ADM.

6 | LIMITATIONS

The findings of the current study need to be interpreted in light of its

limitations. First, the decision-making tasks were administered using

the online Inquisit platform, which participants completed in their

own time. Subsequently, the length of breaks between tasks or

environmental distractors was not controlled as the study was not

conducted in a standardized laboratory. Second, the CCT cool version

was not administered, and shortened versions of the BART and CCT

hot versions were administered to minimize participant fatigue from

consecutive decision-making tasks. The cool version of the CCT is

theorized to encourage the use of deliberative decision-making

processes (Figner et al., 2009) and could have provided further

insight into the utility of the optimal–suboptimal scoring method.

The reduced maximum number of pumps on the BART, and the

reduced number of trials on the CCT could have constrained

variability on these tasks impacting their relationships with other

variables. Lastly, hypothetical money was used as “payment” across

all three decision-making tasks. While studies have shown strong

emotional responses are elicited from participants when gambling

with hypothetical money, using real money has been shown to change

participants' decision-making across gambling tasks (Locey et al.,

2011; Xu et al., 2018).
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7 | FUTURE DIRECTION

Given the findings from this study, several avenues emerge for future

research. It is clear that the inherent randomness of the BART might

not be addressed by modifying scoring techniques, and this random-

ness may undermine the task's psychometric properties. Future

research could explore the use of a scripted BART, providing all partic-

ipants with a standardized experience. Such a modification could

enhance the reliability and validity of the BART. The relationship

observed in the current study between the CCT and the IGT suggests

a potential overlap in the constructs they measure. While several neu-

roimaging studies have been conducted with the IGT, the CCT

remains under investigated. Future research is needed to explore the

potential overlap between the two tasks by determining whether

the CCT and IGT exhibit shared neural pathways or mechanisms.

While the primary focus of this research was to devise more robust

scoring methods for commonly used decision-making tasks to assess

ADM, further research is needed to examine the ecological validity of

these scoring methods. Specifically, research to identify whether

these alternative scoring methods for the BART and CCT demonstrate

predictive validity concerning real-world decision-making behaviors,

such as problem gambling, substance misuse, and other consequential

health or financial behaviors. Importantly, we suggest future research

to adopt alternative statistical methods for analyzing CCT perfor-

mance, such as those used by Panno et al. (2013). These methods

could provide deeper insights into the nuanced interplay of CCT cri-

teria with cognitive and emotional factors, thereby enriching our

understanding of ADM across different contexts.

8 | CONCLUSION

The IGT is the gold standard measure of ADM, providing insight into

participants' capacity to reappraise salient stimuli and make prudent

long-term decisions. It has been suggested that the BART and CCT

are distinct, yet potentially related decision-making tasks. Indeed, the

current study showed that the BART is uniquely a measure of static

decision-making under uncertainty that does not capture ADM. The

randomness inbuilt into the task may be contributing to inconsis-

tencies reported across the literature. The CCT and IGT can be cate-

gorized as measures of decision-making under risk, with the CCT

uniquely incorporating a dynamic component due to its fluctuating

trial criteria. Subsequently, performance on both tasks is likely suscep-

tible to participants' risk aversion, with participants who have a low

tolerance for risk likely opting for the advantageous decks on the IGT

and flipping fewer cards on the CCT. The current study provided evi-

dence using an alternative scoring method (i.e., optimal–suboptimal

score) that the CCT can measure ADM similar to the IGT. Thus, there

may be redundancy in administering both the CCT and IGT.
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