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Abstract
The Iowa Gambling Task (IGT) provides a framework to evaluate an individual decision-making process through a simulated
card game where the risks and rewards vary by the decks chosen. Participants are expected to understand the logic behind
the allocation of gains and losses over the course of the test and adapt their pattern of choices accordingly. This review
explores the scientific work on studying problem gambling via the IGT while employing neuroimaging techniques. We first
concentrate on the historical evolution of the IGT as a mechanism for studying gamblers’ behavioral patterns. Our research
will also discuss the prefrontal cortex as this region of the brain is most affected by changes in behavioral patterns. In this
review, we describe a number of features that may be useful in investigating decision-making patterns that lead to gambling
addiction. We discuss the evidence base to date including experiments involving gambling behavior in different groups of
participants (e.g., males and females, adults and minors, patients and controls) and alterations to experiment conditions that
provide more thorough understanding of thought patterns in potential gamblers. We conclude that psychological testing
combined with functional imaging provide powerful tools to further examine the relationships between functional impairment
of the brain and a person’s ability to objectively anticipate the end results of their decisions.
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Introduction
Gambling, the wagering of money on the outcome of a particular activity where that outcome is uncertain (Korn &
Shaffer, 1999), enjoys widespread popularity in the United
States (Welte, Barnes, Wieczorek, Tidwell, & Parker, 2002).
National surveys indicate that approximately 125 million
Americans have gambled at some point in their lives (National
Gambling Impact and Policy Commission (U.S.) [NGISC],
1999). More recent studies carried out in the State of Maryland
in 2010 (Shinogle et al., 2011) revealed that 90% of the population in Maryland have had a gambling experience. Of those
residents who did gamble, 15.3% gambled every week, and
21.9% gambled every month. Moreover, 3.4% of people surveyed were categorized as probable pathological gamblers. It
has been suggested that problem gambling affects an individual’s social and psychological behavior in a manner similar to substance abuse; both are addictive disorders,
characterized by similar deviant behaviors, reward processing, and impaired decision making (American Psychiatric
Association [APA], 2013). Neurobiologists have established

that the decision-making process evident in addictive disorders is enabled by the brain reward system and a set of reinforcement stimuli; this brain reward system is largely based
on the activity of ventral striatum and the medial prefrontal
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cortex (MPFC; Clark, 2010; Euston, Gruber, & McNaughton,
2012; Haber, 2011).
Most studies of problem gambling refer to the formal
definition of gambling disorder put forward by the American
Psychiatric Association in 2013: gambling disorder is defined
as recurring problematic gambling behavior leading to clinically significant impairment. At the same time, scientists
may sometimes elaborate on the essence of problem gambling differently. After surveying recent studies on problem
gambling, we have defined two dominating viewpoints.
There has been extensive discussion among gambling disorder researchers regarding definitions of problem gambling.
From one point of view, a gambler is a person who can no
longer control the desire to gamble (Jazaeri & Habil, 2012).
Jazaeri and Habil (2012) and Potenza, Kosten, and
Rounsaville (2001) suggest that gambling is the process
where anticipation of possible, yet unguaranteed reward
develops in consequence to a risky act of losing an object of
material value (money, valuable, possessions, etc.). Others
posit that gambling addiction is characterized by the development of mental patterns that resemble specific patterns of
abnormal activity in the brains of substance-addicted individuals (Galanter, Kleber, & Brady, 2014; Reilly & Smith,
2013). This apparent similarity creates a benchmark classification dilemma—whether to list problem gambling along
with addictive disorders or not. Initially, problem gambling
was classified as an impulse control disorder as per the
Diagnostic and Statistical Manual of Mental Disorders (4th
ed.; DSM-IV; American Psychiatric Association [APA],
1994) list (APA, 1980). The Diagnostic and Statistical
Manual of Mental Disorders (5th ed.; DSM-5; APA, 2013)
list was reviewed and updated in 2013. Following review,
gambling disorder was transferred into the “substancerelated and addictive disorders” category. Change of gambling disorder’s status has accumulated considerable
scientific attention (APA, 2013). Both theorists and clinical
practitioners have demonstrated that problem gamblers are
very similar to substance abusers (Reilly & Smith, 2013).
Although gambling addiction is not linked to substance consumption, the psychological mechanism behind developing
addiction in both cases is nearly identical: just as drug users
need greater and greater doses of the substance, problem
gamblers need more frequent gambling activity to feel satisfied. Substance abusers and problem gamblers equally demonstrate poor decision-making abilities; in particular, their
choice patterns are characterized by an inability to take into
account long-term consequences (Krmpotich et al., 2015).
However, not all scientists have readily embraced this terminological alteration. For example, most of the research published before 2013 considers pathological gambling as an
impulse disorder (Quintero, 2017). It has also been suggested
that estimating the extent of gambling addiction is arbitrary,
because gambling disorder should be regarded as the final
stage of the gambling continuum.
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Quality of life is, to a large extent, dependent on one’s
ability to make decisions. Indeed, impairment of the decision-making process puts individuals at risk for incorrectly
assessing the long-term consequences of their choices which
is typical of individuals with Parkinson’s disease, schizophrenia, substance addiction and gambling disorder. In-depth
analysis of issues that impede decision-making has accelerated the discovery and development of optimal treatment
options for mental illnesses. Building the biological basis
behind the decision-making process allows us to correctly
model and predict behavior of individuals in so-called risky
(gambling) groups. Thus, researchers across a variety of disciplines including cognitive psychology, social psychology,
and neuroscience, among others, have focused on the decision-making process.
The prefrontal cortex plays an important role in the decision-making process (Anderson, Bechara, Damasio, Tranel,
& Damasio, 1999; Bechara, Damasio, Damasio, &
Anderson, 1994; Coutlee & Huettel, 2012; Domenech &
Koechlin, 2015; Jazaeri & Habil, 2012). Therefore, any
impediment to the ventromedial prefrontal cortex (VMPFC)
potentially compromises an individual’s decision-making
skills (Santos, Seixas, Brandão, & Moutinho, 2011). When
the ventromedial region suffers damage, individuals may
lose the ability to foresee the consequences that may result
from their actions (Bechara et al., 1994; Bechara, Damasio,
Damasio, & Lee, 1999; Bechara, Tranel, & Damasio, 2000;
Yechiam, Busemeyer, Stout, & Bechara, 2005). For
instance, impairments of the ventromedial frontal lobes’
functioning effect on the rationality of participants’ decisions and subsequently lead to the emergence of irrational
behavioral tendencies (Camille, Griffiths, Vo, Fellows, &
Kable, 2011).

Iowa Gambling Task (IGT)
The Iowa Gambling experiment was created to determine the
nature of impairment in decision making (Bechara et al.,
1994). The neuroimaging techniques implemented within
the framework of the IGT experiment allow for real-time
monitoring of neural processes lying at the core of the decision-making process. In this regard, the objectives of the IGT
are to (a) study the adverse effects of neural and cognitive
brain activity on decision making and (b) investigate the
extent of functional impairment of the prefrontal cortices
which, in turn, leads to alteration of mental processes related
to decision making.
As originally described by Bechara et al. (1994), the IGT
presents participants with four decks of cards of similar
appearance and size. Participants are given a $2,000 loan of
fake money and instructed that the goal of the task is to maximize the amount of money earned on this initial loan. They
are then asked to select a card from any of four different card
decks, with a single card chosen for each trial. There are 100

3

Aram et al.
Table 1. Overview of Different Iowa Gambling Tasks.
Gains

Losses

Reference

Deck 1

Deck 2

Deck 3

Deck 4

Deck 1

Deck 2

Deck 3

Deck 4

ABCD task
Bechara, Damasio, Damasio, and
Anderson (1994)
A’B’C’D’ task
Bechara, Tranel, and Damasio (2000);
Li, Lu, D’Argembeau, Ng, and Bechara
(2010)
E’F’G’H’ task
Bechara, Tranel, and Damasio (2000); Li
et al. (2010)
Modified ABCD task
Bechara, Damasio, Tranel, and Damasio
(2005)
Modified ABCD task
Cassotti, Aïte, Osmont, Houdé, and Borst
(2014)

+100

+100

+50

+50

+100

+100

+50

+50

–150
to
–350
–150
to
–350

–1250
or
0
–1250
or
0

–25
to
–75
–25
to
–75

–250
or
0
–250
or
0

+1250
or
0
+100

+25
to
+75
+100

+150
to
+350
+50

+250
or
0
+50

–100

–50

–100

–50

–1250

–1250

–250

–250

8-12

8-12

4-6

4-6

15-35

125

2-8

25

selection trials. The total number of trails is not disclosed to
participants (Lin, Chiu, Cheng, & Hsieh, 2008).
There are no limitations on how often a participant can
switch between the decks of cards. Participants are told that
certain cards yield more benefit compared with others. With
each selection, participants win or lose a predetermined
amount of money.
The gains and losses associated with any decks are the
same for every participant. Two of the four decks bring a
higher immediate reward, but the penalty amounts in these
decks are also higher, resulting in less long-term gain. The
other two decks yield lower immediate gains but the penalties associated with these decks are also considerably lower.
The participant must figure out the pattern of reward allocation to maximize long-term financial gain. It is expected that
nongamblers from a control group will prefer the lower-risk
decks while people with gambling addiction will be tempted
by high immediate gains resulting in greater long-term loss.
To test this hypothesis, some alternative scenarios were
introduced: for example, a game with E’F’G’H’ decks where
high-risk decks bring better reward in the long run (see Table
1 for an overview of these variations). F’ and H’ are labeled
as disadvantageous decks with lesser immediate penalties
but yielding an unsatisfactory profit in the longer term; E’
and G’ are advantageous decks as far as greater punishment
amount is eventually offset by higher net gain (Bechara,
Tranel, & Damasio, 2000; Singh & Khan, 2012). We discuss
the findings of studies that have used IGT to inform an interdisciplinary approach to future research in the area.

Human Subject Studies on IGT
Studies using the IGT have focused on the evaluation of
impairments in decision making among four different

primary populations in the past 20 years: individuals with
neurological disorders (Castrioto et al., 2015; Labudda et al.,
2009; Levine et al., 2005; Mimura, Oeda, & Kawamura,
2006; Sinz, Zamarian, Benke, Wenning, & Delazer, 2008),
individuals with psychiatric disorders (Barry & Petry, 2008;
Bechara et al., 2001; Brown et al., 2015; Clark, Manes,
Antoun, Sahakian, & Robbins, 2003; Geurts, Van der Oord, &
Crone, 2006; Kester et al., 2006; Nakamura et al., 2008; Noël,
Bechara, Dan, Hanak, & Verbanck, 2007; Quednow et al.,
2007; Roca et al., 2008; Toplak, Jain, & Tannock, 2005;
Verdejo-García, Rivas-Pérez, Vilar-López, & Pérez-García,
2007), nonclinical populations (Brand, Recknor, Grabenhorst,
& Bechara, 2007; Fein, McGillivray, & Finn, 2007; Garon &
Longard, 2014; Hooper, Luciana, Conklin, & Yarger, 2004;
Lamm, Zelazo, & Lewis, 2006; Lehto & Elorinne, 2003), and
animal models (Proctor, Williamson, Latzman, de Waal, &
Brosnan, 2014; de Visser et al., 2011). The IGT has been conducted in samples with the following psychiatric diagnoses:
gambling disorder (Linnet, 2013), schizophrenia (Kim, Kang,
& Lim, 2016), substance abuse (Hagen et al., 2016; Körner,
Schmidt, & Soyka, 2015), depression (Must, Horvath,
Nemeth, & Janka, 2013), psychopathy (Blair, Colledge, &
Mitchell, 2001; Takahashi, Takagishi, Nishinaka, Makino, &
Fukui, 2014), disruptive behavior disorder (Schutter, Van
Bokhoven, Vanderschuren, Lochman, & Matthys, 2011),
bipolar disorder (Ono et al., 2015), obsessive compulsive disorder (Zhang et al., 2015), borderline personality disorder
(LeGris, Toplak, & Links, 2014), and Asperger syndrome
(Johnson, Yechiam, Murphy, Queller, & Stout, 2006). Other
studies have focused on neurological conditions such as traumatic brain injuries (Cotrena et al., 2014), epilepsy
(Wandschneider et al., 2013), Alzheimer’s (Jacus, GélyNargeot, & Bayard, 2018), and Parkinson’s diseases (Toplak,
Sorge, Benoit, West, & Stanovich, 2010).
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The majority of reviewed studies found that participants
with impairment (such as patients with frontal lobe damage
(Ouerchefani, Ouerchefani, Allain, Rejeb, & Le Gall, 2017))
primarily choose cards from decks yielding lesser net
amounts. In contrast, control participants largely selected
from the decks that yield overall higher net values (Beitz,
Salthouse, & Davis, 2014). To estimate the score of the
experiment, all choices from disadvantageous decks were
summed up and then deducted from the total amount of
advantageous choices. Another aspect of estimation involved
calculating how many advantageous or disadvantageous
choices were made in total after five rounds of selections (20
choices per round).
Bechara et al. (2000) found no perceptible behavioral
variations in participants taking part in ABCD and variant
EFGH tasks. Devised as an alternative to the original IGT
experiment, EFGH tasks employ a reverse scenario where
the participants first have to deal with a sequence of money
losses while the reward is deliberately held back until a later
stage of the trial.
Neither the delay in rewarding the individual (as in one
EFGH task variation) nor delayed punishment (a variation of
the ABCD task) changed outcomes when compared with the
original IGT experiment. Nonetheless, even though the consequences of the task were altered, individuals suffering
from VMPFC impairments which were subjected to an earlier testing still failed to reconsider their ordinary choice patterns in further experiments.
In 1994, Bechara et al. conducted a study involving
patients with behavioral deviations caused by damage to the
prefrontal cortex, specifically the VMPFC. Patients with
impaired functioning of the VMPFC demonstrated poor performance on the IGT, whereas control participants demonstrated an understanding of the reward and punishment
contingencies of the task, typically choosing more cards
from the advantageous decks by the end of experiment.
Patients with impaired function of the VMPFC, however,
did not improve their performance as the experiment
progressed.
Bechara et al. (1996) later presented the results of a study
comparing the IGT performance of seven patients with disrupted VMPFC function and damage to other parts of the
brain (i.e., frontal lobe) with the performance of 12 healthy
patients. In this study, researchers detected that healthy
patients showed a strong tendency for anticipatory skin conductance response (SCR) in response to less advantageous
decks that would result in greater losses. Bechara, Tranel,
and Damasio (2000) also found that problem gamblers who
suffer from orbitofrontal lesions demonstrated weak or
unusual anticipatory SCRs during IGT tests, whereas healthy
participants’ SCRs increased whenever they were making
risky choices. These findings suggest that problematic gamblers fail to develop anticipatory SCRs normally demonstrated by control groups, contradicting the hypothetical
assumption that gambling addicts are overreacting to wins or
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punishments (Frackowiak, 2004). Indeed, among problem
gamblers, the magnitude of SCR for advantageous decks was
minor. For the VMPFC-lesions patients, VMPFC damage
was correlated with adverse effects on IGT performance. In
particular, the patients with damage to VMPFC failed to
exhibit any anticipatory SCRs that may have prevented them
from choosing disadvantageous decks. Therefore, improper
functioning of VMPFC obstructed the process of making the
right choice for these patients.
Given that the IGT is structured in such a manner that the
system for allocating gains and losses is not clear to participants for the majority of the experiment, Bechara, Damasio,
Tranel, and Damasio (1997) sought to investigate whether the
patients made conscious choices during the IGT and whether
their decisions were based on learning from previous positive/negative experiences. For these purposes, 10 participants
from a control group (without VMPFC damage) and six participants suffering from malfunction of VMPFC were invited
to take part in the experiment. The researchers collected and
summarized data after the participants completed at least 10
rounds of selections and subsequently identified four phases
of task awareness: prepunishment, prehunch, hunch, and conceptual phases (Bechara et al., 1997).
The prepunishment phase occurs prior to incurring any
losses. The prehunch phase describes the period before
patients have developed an understanding of the task’s
reward contingency. This is followed by the hunch phase
when patients have started forming expectations about the
reward and punishment associated with each deck. The
final phase is the conceptual period when patients begin to
understand the objectives and get a sense of the task.
Despite having sufficiently good net results, approximately
one third of healthy participants did not progress toward the
conceptual period. Based on this observation, the study
concluded that, prior to developing an explicit comprehension of the task’s logic, participants were able to learn the
IGT rules implicitly which means using intuition to draw
unobvious conclusions based on the dynamics of the experiment. In contrast, half of the patients with damaged
VMPFC had poor overall performances, although at least
50% of these patients advanced to the conceptual period of
task awareness.
Based on these results, researchers concluded that the
decision-making process could be negatively affected by
damage to the VMPFC. The experiment also showed that the
inability to generate anticipatory SCR signals degrades the
quality of a patients’ decision-making (Dunn, Dalgleish, &
Lawrence, 2006). SCR signals were absent in patients with
VMPFC lesions, resulting in their inability to make rational
choices between advantageous and disadvantageous decks.
The authors suggest that as early as the primary stage of the
IGT, participants in control groups have gained a partial
understanding about the potential advantages of the decks
through implicit learning mechanisms and have acquired
strong preferences for good decks.
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Decision Making and Brain Activation
Decision making is defined as the process of consciously
choosing one particular option while simultaneously rejecting other existing options (Buelow & Suhr, 2009); the ability
to make an efficient decision in particular circumstances
reflects executive function. Executive function requires the
use of an individual’s memory, to preplan future possible
outcomes or to develop future expectations based on past
experiences.
Somatic Marker Hypothesis (SMH) suggests that somatic
signals are regulated in emotion circuitry such as the VMPFC
to help with the decision-making process (Bechara, Damasio,
& Damasio, 2000; Bechara, Damasio, Tranel, & Damasio,
2005; Damasio, Everitt, & Bishop, 1996, Dashtestani et al.,
2018). The neural loops’ main components also include anterior cingulate cortex (ACC), dorsolateral prefrontal cortex
(DLPFC), and striatum (Toplak et al., 2005). Multiple studies
have hypothesized that advantageous choices are modulated
by somatic signals, which are produced jointly by brain
regions such as the amygdala, insular cortex, brainstem
nuclei, somatosensory cortex, and MPFC (Noël et al., 2007;
Toplak et al., 2005). Meanwhile, additional research has
found that the lentiform nucleus and insular cortex are predominantly involved in the process of making decisions,
especially in terms of processing the decision and at the initial
stage of anticipation (Lin et al., 2008).
Participants in some IGT studies have demonstrated activation of different somatic markers at the anticipatory and
experimental stages (Li, Lu, D’Argembeau, Ng, & Bechara,
2010). Other studies have established that, apart from MPFC,
all other areas of the DLPFC, VMPFC, orbitofrontal cortex
(OFC), and ACC were activated in the course of IGT-related
decision making (Zeeb, Baarendse, Vanderschuren, &
Winstanley, 2015). Most IGT brain imaging studies focus
only on the MPFC or OFC but do not discuss learning probability related to other brain areas (Lin et al., 2008).

Brain Imaging Studies
The IGT has been conducted in combination with a variety of
functional brain imaging techniques, such as positron emission tomography (PET), functional magnetic resonance
imaging (fMRI), electroencephalography (EEG), functional
near-infrared spectroscopy (fNIRS), and magnetoencephalography (MEG). PET, fNIRS, and fMRI methods can be
used to indirectly assess blood flow in the areas of the brain
previously associated with decision making. fMRI looks at
blood-oxygen-level dependent (BOLD) signal and fNIRS
similarly can assess the changes in hemoglobin (HbO) and
deoxygenated hemoglobin (Hb). Visual stimulation induces
focal neural activation by increasing blood flow to areas of
the brain related to decision making. Electric and magnetic
signals generated by the brain can be monitored using EEG
and MEG. Comparison of brain monitoring techniques that
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has been conducted during IGT Task shows that there isn’t a
convergence in findings from studies examining decisionmaking using the IGT. The findings sample size of the problem gambling group recruited in these studies are not big.
The studies also show the heterogeneity of applications.
Few studies have addressed the correlation between gambling disorders and neuroimaging results. Previous works
have mostly focused on the study of functional neuroimaging abnormalities such as fMRI. van Holst, van den Brink,
Veltman, and Goudriaan (2010) extensively reviewed studies
examining decision-making deficits in problem gamblers
using fMRI. Based on this review, previous studies on pathological gamblers suggested high functional activity on the
ventral tegmental-orbitofrontal cortex. Specifically, in a
study using a modified version of the IGT called the “Mouse
Game,” Linnet, Røjskjær, Nygaard, and Maher (2006) found
healthy controls exhibited overall higher functional activity
than pathological gamblers while healthy controls had more
ability to change their behavior after negative feedback than
pathological gamblers. Tanabe et al. (2007) conducted modified IGT and reported a group of brain regions are activated
during decision making in healthy control and pathological
gamblers. These regions included the OFC, ventromedial
dorsal, ventrolateral/anterior insula, ACC, ventral striatum,
and parietal and occipital lobes. Later Forbush et al. (2008)
and Roca et al. (2008) found higher functional activity in
healthy controls than pathological gamblers during IGT.
Furthermore, consistent with findings by Power,
Goodyear, and Crockford (2012) and Tanabe et al. (2007)
also reported healthy participants and pathological gamblers
experience activation over the same brain areas during the
IGT task using fMRI. This experiment sought to study the
processes occurring in the medial temporal, prefrontal, and
parietal lobes together with the activity of the cerebellum.
Although processes detected in the brains’ of control participants and problem gamblers bore some resemblance, the
experiment nevertheless identified several variations. For
example, when problem gamblers selected the high-risk
decks, researchers could immediately detect a substantial
increase in the activity within the OFC (Rolls & Grabenhorst,
2008), caudate nucleus (Haruno & Kawato, 2006), and
amygdala. Similarly, Crockford, Goodyear, Edwards,
Quickfall, and el-Guebaly (2005) established that the visual
presentation of gambling cues produced differential
responses in the prefrontal cortices of the problem gamblers
and healthy participants. In this study, researchers conducted
the IGT with 10 control group participants and 10 problem
gamblers. These two groups were subjected to fMRI scanning during demonstration of a video containing gambling
material and scenes about nature. Notably, gambling scenes
triggered increased brain activity for both healthy and
affected participants. However, problem gamblers exhibited
more intensive activity within the right side of the DLPFC
compared with controls. Later studies, however, found that
substance dependent (SD), problem gambling (PG), and
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substance dependent problem gambling (SDPG) patients
were likely to exhibit reduced activity of the VMPFC in the
course of IGT trials (Tanabe et al., 2007).
Brevers, Noël, He, Melrose, and Bechara (2016) described
the results of fMRI imaging during the performance of the
IGT task on 15 gamblers (card games such as poker) and 15
control participants. Participants in the control group
included nonproblem gamblers, while all others had varying
stages of gambling addiction. The fMRI analyses showed
lower dorsolateral prefrontal and orbitofrontal activity for
the participants from the problem gambling group in comparison with controls. To date, there has been little research
using brain imaging techniques (such as PET or fMRI) evaluating neural network performance during the decisionmaking process. However, Ernst et al. (2002) employed15
O-labeled water positron emission tomography scans while
individuals performed the IGT. The study found that decision
making triggered activity bilaterally, primarily in the right
hemisphere of the brain. Activation was seen in the dorsolateral prefrontal complex, right anterior cingulate gyrus, OFC,
right inferior parietal cortex, lateral cerebellum, anterior
insula, and thalamus.
A number of recent studies have used fNIRS during the
performance of IGT. In Bembich et al. (2014), 11 healthy
participants were invited to participate in a study that sought
to examine how IGT-related decisions influence activation
of DLPFC, as well as variation in oxyhemoglobin levels.
They found that activation of DLPFC closely depended on
the factors of risk preprogrammed for each deck and in two
stages of the test. The first indications of an increase in the
regular activity of DLPFC were detected in the first stage of
the experiment. The DLPFC showed no activation in the
second part of the experiment, which may be explained by
the activation of the VMPFC sector at that stage. VMPFC
activation cannot be measured with the fNIRS technique.
Another study showed that increase in levels of PFC activity
in connection to gains and punishments is typically occurring in DLPFC regions of female participants, whereas men
did not demonstrate such tendencies (Cazzell, Li, Lin, Patel,
& Liu, 2012). Suhr and Hammers (2010) found that deficiencies in IGT performance are frequently driven by a lack
of cerebral oxygenation in left and right dorsolateral cortexes. Moreover, outcomes of other IGT-based studies
which encompass application of NIRS-based techniques
strongly correspond with these findings. Therefore, it has
been scientifically verified that advantageous choices in
IGT are conditioned by increased activity in the frontal
lobes/DLPFC. A major limitation is that the study by Suhr
and Hammers (2010) focuses only on cortical signals generated by patients during the entire experiment; specific signals activated by a certain event or stage of experiment were
not taken into consideration.
Another imaging technique that has been used to monitor
brain activity is the EEG, which is considered a reliable measurement of event-related brain potentials (ERPs) given its
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capacity to support high temporal resolutions. Using EEG for
evaluation of IGT participants’ behavior showed that bilateral
frontal and parietal networks were most actively involved in
the process of decision making in connection to advantageous
decks (Bourdaud, Chavarriaga, Galán, & Millán, 2008). In a
similar experiment (Schutter, de Haan, & van Honk, 2004),
researchers detected an increase in cortical activity in both
sides of the brain and demonstrated that more intensive activity in the left PFC was related to less advantageous choices
made by the participants. This finding suggests that an individual’s propensity for disadvantageous decision making can
be explained by a lack of sensitivity regarding punishment
and excitement about gain prospects. Sadato et al. (1998)
posit that the alpha wave activity of IGT task participants is
likely to be correlated with the regional cerebral flow.
However, this does not mean that this tendency is similarly
caused by cortical inactivity. These findings confirm that
alpha wave activity should be assessed in conjunction with
the mental operation by which it is triggered.

Animal Models
Animal models have played an essential role in elucidating
the underlying mechanisms of decision-making impairment
among individuals with psychiatric or neurological conditions. Rodent IGT (RGT) experiment (de Visser et al., 2011)
showed that decision-making strategies employed by rodents
are highly similar to human behavioral patterns (Van den
Bos, Koot, & de Visser, 2014). At the outset, it takes some
time for the rodents to learn the task, however, eventually the
animals learn to anticipate the consequences of their choices
and have fixed decision-making behavior (de Visser et al.
2011; Zeeb & Winstanley, 2011). Lesion studies have
revealed that the rodents subjected to RGT activate the same
neural circuitry (i.e., prefrontal cortex area, basolateral
amygdala, nucleus accumbens) as would have been activated
by humans in similar circumstances (de Visser et al. 2011).
Unlike experiments involving human participants, the
rodent model allows for greater flexibility in practice and a
greater ability to control for external factors, providing more
opportunities to trace the correlation between early impairments in decision making and progressive development of a
psychopathological disease (Potenza, 2009). Although RGT
experiments may facilitate the development of more effective and individualized treatment, several questions regarding the validity and applicability of RGT data remain
unanswered. One such question is whether existing RGT
data requires further validation.
Proctor et al. (2014) further researched IGT performance
with both human subjects and primates (e.g., chimpanzees
and capuchin monkeys). The original IGT was modified by
removing penalties, utilizing a zero payoff scenario in its
place, and by adding two more reward scenarios. One aim of
this study was to develop a more complete understanding of
so-called advantageous strategies, defined as strategies that
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maximize a reward (Skvortsova, Palminteri, & Pessiglione,
2014). Another aim was to define the reasons behind developing choices which usually lead to low reward payoffs. To
meet the aims of the research, the scientists introduced
two new reward scenarios in addition to the standard IGT
scenario. These additional scenarios contributed to the objective value of their observations, as this allowed them to study
patients’ emotional response toward their financial gains or
losses separately from their reactions to variations in payment scenarios. This modification was intended to provide
data on primate behavior when they discover the existence of
multiple payoff schemes. Authors found several differences
in the decision-making patterns of humans and primates
when additional reward structures were introduced. For
example, almost equal number of humans and nonhumans
demonstrated that they were able to learn from their choices.
To determine whether the subjects learned from their choices,
the scientists decided to analyze results collected from the
experiments involving humans and nonhuman primates separately, employing a less stringent standard for nonhuman
primates. To consider the task “learned,” the summary of
results from 10 consecutive trials for the humans, and 20
consecutive trials for the primates, would need to form a
monotonic function. Monotonic function is a function that is
entirely nonincreasing or entirely nondecreasing, with no
pivot points indicating that an individual had developed a
consistent preference for choosing a single group of decks—
that is, predominantly high risk or predominantly low risk.
Then, LH ratios1 for both human and nonhuman groups were
calculated and compared. Findings showed similarity across
the results obtained from human and nonhuman participants;
these findings can potentially provide important guidance for
further methodological study on IGT strategies. While the
importance of the data gleaned from these animal models
should not be understated, a more thorough understanding of
the aforementioned disorders can only come from experiments with human participants.

Role of Gender and Level of Education
Decision-making paradigms, as with other paradigms, indicate there may be underlying sex differences in information
processing. Van den Bos, Homberg, and de Visser (2013)
concluded that the decision-making process is not the same
for men and women; women tend to dedicate a lot of attention to details in the process of making a decision, whereas
men rely on their ability to grasp the entire picture and make
choices based less on specific facts or data. Differences are
generally tied to changes in activation of neural networks
dealing with emotional and cognitive control over emotional
events these differences become especially obvious when
choices have to be made in emotional or unpredictable situations and scenarios where it is not possible to accumulate
benefit without simultaneously incurring a loss. Such variations are mainly associated with the peculiarities of neuronal

circuits. In particular, researchers have identified gender differences in the way neuronal circuits are activated. Distinct
neuronal circuits contribute to reflection/control over emotional experiences. Gender-based differences were also identified in the process of examination and analysis of data.
Surprisingly, one study found a negative relationship
between education and performance in IGT. The higher the
level of intelligence and education of participants, the more
difficult it becomes for them to make advantageous choices.
Reviews of individual cases complement the domain of theoretical knowledge pertinent to IGT and provide a pathway
for a more coherent interpretation of research findings. IGT
findings may also be used as benchmarks for predicting the
behavior of vulnerable social groups. However, the study of
decision-making processes in the context of the IGT has not
produced results that are comprehensive, consistent, or
entirely conclusive, suggesting that additional studies of this
complicated construct is needed (Buelow & Suhr, 2009).

Limitations
Past scientific observations related to IGT have several critical gaps. Lack of extensive expert knowledge and in-depth
analysis of the mental processes that directly influence decision making limits the value of IGT-obtained data. To date,
the following issues still need to be clarified (Burdick, Roy,
& Raver, 2013): (a) whether the working memory of participants has any impact on the estimation of the deck’s possible
profit; (b) whether participants may have a bias concerning
punishments/losses if such punishments are imposed less
frequently for a certain deck in comparison to others; (c)
whether participants may have implicit emotional biases that
impair decision-making processes; and (d) whether decisionmaking deficiencies may be potentially remedied based on
study findings.
There have also been unexplained, contradictory findings
pertaining to IGT performance. Lin et al. (2008) found that
participants developed a preference for disadvantageous
decks which yield better immediate rewards, while more
beneficial decks were disregarded (Castrioto et al., 2015;
Mimura et al., 2006). These findings directly contradict the
studies of the baseline IGT where healthy patients would be
more inclined to choose cards from safe decks. Indeed,
many recent studies have shown that participants frequently
choose bad decks despite the larger penalties associated
with them (Stocco, Fum, & Napoli, 2009; Verdejo-García
et al., 2007). These inconsistent findings indicate the need to
improve the current procedures by imposing higher threshold for acceptance of participants or rebalance the control
groups and patient groups. Early experiments with the IGT
were aimed at determining overall tendency to select the
advantageous or disadvantageous decks and the behavioral
data of participants at each selection point was not examined. For example, Nakamura et al. (2008) elaborate on the
view that there might be a separate trend for selecting decks
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with more frequent gains, although it is generally accepted
that IGT participants are normally interested in selecting
cards from decks with better long-term outcomes, unless
they are driven by the incentive of immediate rewards
(Mimura et al., 2006).

SAGE Open
one’s ability to predict the consequences of his or her decisions in a realistic manner. This multidisciplinary approach
will improve the understanding of the factors that lead to
problem gambling and aid in the development of effective
recovery tools to address the broader impact of gambling on
populations.

Conclusion
Objectivity of IGT conclusions in repeated testing may be
clouded by practice effects. Under practice effects, the participant who has done a similar experiment before tends to
subconsciously seek linkages between the scenarios or draw
biased conclusions. Therefore, there is a need to devise scenarios for repeated administration of IGT which would make
the experiment more reliable. To meet this goal, Xiao et al.
(2013) introduced several alternative IGT scenarios, but
researchers did not report any improved results in task performance in healthy or affected participants. Furthermore,
patients suffering from certain brain impairments demonstrated a deterioration in task performance, which serves as
confirmation of the theory that the decision-making skills of
VMPFC-impaired individuals and other affected patients are
unlikely to improve over time.
Dunn et al. (2006) assert that the IGT is highly successful
in establishing a causal link between the impairment of
VMPFC functioning and reduced decision-making ability. In
total, 35 participants suffering from damage to the occipital
cortex or lateral temporal lobe and 45 participants diagnosed
with dysfunction of the frontal lobe were selected for participation in the experiment. Per conclusions reached by
Bechara, Tranel, and Damasio (2000), the worst net results at
the end of the selection rounds were demonstrated by the
patients suffering from amygdala or VMPFC impairments.
In contrast, more than 80 participants from the control group
completed the task, yielding results in line with comparable
studies (Bechara et al., 1994, 1996). Additional experiments
showed that the reproducibility of IGT results is sufficiently
high and patient behavioral patterns did not change even
when certain conditions of the experiment were modified
(Bowman, Evans, & Turnbull, 2005).
The IGT is a useful tool in the evaluation of the decisionmaking process and it has evolved considerably over two
decades of use. The ease of pairing the IGT with neuroimaging techniques has allowed IGT to increase in relevance and
popularity. As a simulated gambling activity, the IGT experiment is an effective tool to elucidate the roots and causes of
deficient decision making in the field of gambling disorder
research. A variety of study projects covering the topic of
problematic gambling have already resulted in formulation
of a disadvantageous decision-making model. This review
presented research findings and scientific rationale regarding the peculiarities of the deficient decision-making process. In future, functional neuroimaging may be employed
with the IGT to further illustrate the relationships between
brain impairments, adverse psychological conditions, and
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