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Abstract
In a previous study we examined whether frontal patients with impaired decision-making on the
Iowa Gambling Task (IGT) would recover over time if retested on the IGT. However, a major
limitation of repeated administration of the IGT is practice effects, where control participants
show improvement with retesting (Bechara, Damasio, & Damasio, 2000). Therefore, the primary
goal of this study was to design two alternative versions of the IGT to eliminate practice effects.
We found that control participants did not show improvement in performance across the different
versions of the task, thus reflecting success in our attempt to design alternative versions of the
IGT. Compared to control participants, patients with damage to the ventromedial prefrontal cortex
(vmPFC) performed worse on all three versions of the IGT, even after controlling for age, sex, and
education. The development of alternative versions of the IGT provides a valuable tool for
clinicians and researchers to utilize the IGT as a way to track how the decision-making abilities of
patients change over time. Additionally, these results are consistent with findings from the original
studies using the IGT with patients with damage to the vmPFC which showed that decision-
making impairments do not recover over time.
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Introduction
Disturbances of decision-making are among the most devastating consequences of focal
brain damage. More so than impairments of language or movement, impaired decision-
making leads to a loss of independence and delays recovery (Damasio, 1994). Damage to
the ventromedial prefrontal cortex (vmPFC), specifically, is associated with profound
impairments in decision-making, yet there is a paucity of research investigating whether
spontaneous recovery of decision-making function occurs. For example, we do not know
whether other brain regions provide a plastic compensation, nor do we know the timing of
recovery, if it does occur. Recently we began to examine this important issue using the Iowa
Gambling Task (IGT). In order to test the stability of decision-making ability over time,
patients with bilateral vmPFC damage were administered the IGT at three different time
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points. In this study, we found that impaired IGT performance after vmPFC damage does
not appear to recover over time (Waters-Wood, Xiao, Denburg, Hernandez, & Bechara,
2012).

One of the limitations with repeated use of the IGT is that healthy participants show
improvement in performance secondary to practice effects (Bechara, Damasio, & Damasio,
2000; Waters-Wood et al., 2012). This improvement is typical of frontal lobe measures in
general (e.g., the Wisconsin Card Sorting Test), in that once the subject gradually discovers
the rules of the task, the task becomes easier and performance improves over time (Bartels,
2010; Krenk, Rasmussen, Siersma, & Kehlet, 2012). While our previous study showed that
vmPFC patients do not show improvement over time on the IGT despite this susceptibility
to practice effects (Waters-Wood et al., 2012), the fact remains that this improved
performance as a result of practice poses a concern, at least in other clinical patients with
impairments similar to those of individuals with bilateral damage to the vmPFC. Such
patients might show improvement after repeated IGT administration, however this
improvement may not necessarily be due to recovery of decision-making function. Indeed,
Buelow and Suhr (2009) pointed out that practice effects pose a particular concern for
assessing interventions, since patients need to be evaluated before and after clinical
interventions. If patient performance always improves with retesting, interventions may
appear to be artificially effective (Buelow & Suhr, 2009). Hence, there is the need for
developing alternative versions of the IGT to circumvent this problem.

Therefore, one primary objective of this study was to design alternative versions of the IGT
that could offset the issue of improved IGT performance secondary to practice effects. We
designed two alternative versions of the IGT: K-IGT, an alternative version of the IGT with
decks K′L′M′N′, and Q-IGT, an alternative version of the IGT with decks Q′R′S′T′. The
alternative versions are identical to the original IGT (A-IGT) in terms of immediate rewards
versus probabilistic losses in the long term. However, we manipulated the fraction of the
inconsistent rewards such that the A-IGT is the least difficult, the K-IGT is moderately
difficult, and the Q-IGT is the most difficult. By increasing the level of difficulty of each
subsequent version of the IGT, we aimed to offset the improvement in performance
secondary to practice effects. We studied a group of patients with bilateral damage to the
vmPFC and a group of healthy participants and tested them on all three versions of the IGT
(i.e., A-IGT, K-IGT, and Q-IGT), administered in a serial fashion. With this manipulation, it
was hypothesized that the performance of participants would not improve with repeated
testing using the alternative versions of the IGT. Additionally, in order to confirm again that
impaired IGT performance after vmPFC damage does not recover over time, another
objective of this study was to use these alternative versions of the IGT to test the hypothesis
that bilateral damage to the vmPFC is associated with poor recovery of complex decision-
making function over time.

Methods
Participants

Sixty-four non-neurological participants were relatives or friends who accompanied the
patients to the hospital. The selection criteria for non-neurological, hereafter referred to as
“control” participants, was the absence of a history of mental retardation, learning disability,
neurological disorder, psychiatric disorder, substance abuse, or any systemic disease capable
of affecting the central nervous system. Individuals with self-reported history of cerebral
lesions due to neurological disorders (e.g., tumors, stroke, traumatic brain injury, epilepsy,
neurodegenerative disease) were excluded. The criteria were also to exclude individuals
with a history of head trauma (open head injuries or closed head trauma with loss of
consciousness), as well as those who are currently on psychotropic medications or other

Xiao et al. Page 2

J Clin Exp Neuropsychol. Author manuscript; available in PMC 2014 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



medications that affect the central nervous system (e.g., Prozac or antihistamines) that
should not be discontinued.

Thirteen patients with focal bilateral damage to the vmPFC were tested. Participants with
damage to the vmPFC were recruited from the Cognitive Neuroscience Patient Registry at
the University of Iowa from a larger sample. Of the participants with vmPFC damage, brain
lesions were due to: frontal meningioma (n = 3), anterior communicating artery (ACoA)
aneurysm and clip (n = 8), a cyst (n = 1), and a surgically removed pituitary tumor that
invaded the orbital frontal cortex region (n = 1). All vmPFC patients had undergone basic
neuropsychological and neuroanatomical characterization and conformed to the inclusion
criteria of the Patient Registry. The selection of vmPFC lesion patients conformed to the
above criteria for controls (except the neurological disease) with the following additional
criteria: (1) a stable and chronic lesion (onset was at least 3 months before the experiment)
acquired in adulthood, and (2) bilateral involvement of the ventromedial prefrontal cortices.
Participants had focal, stable lesions that could be clearly identified on brain scans, and they
had no premorbid histories of abnormal social conduct, emotional maladjustment, or other
psychological disturbance. All participants gave written informed consent approved by the
Institutional Review Board at the University of Iowa.

Behavioral Tasks
A-IGT: The original IGT with decks A′B′C′D′—The general premise of the IGT is that
participants must choose between decks of cards that yield high immediate rewards but
larger probabilistic losses or decks that yield smaller immediate rewards but smaller
probabilistic losses (Bechara, 2007). The two decks with higher rewards and higher losses
have a net value that is negative. Participants who favor these “disadvantageous” decks will
lose money over the course of the game. Thus, the higher immediate rewards make these
decks tempting, but they are ultimately poor choices. Conversely, the two decks that have
smaller rewards and losses have an overall positive net value. The decks are presented on a
computer screen and labelled A′, B′, C′, and D′. Every time the participant picks a card
from a deck, a message is displayed on the screen indicating the amount of money the
participant has won or lost. Specifically, after selecting a deck with a reward, the following
message is displayed: “Win $ X!”. When the gain is followed by a loss/punishment, the
following message is displayed: “Win $ X! but lose $ Y”. Different audio feedback is also
given for gains and losses. A green bar at the top of the screen displays the cumulative
monetary reward. Once the money is added or subtracted from the cumulative reward, the
face of the card disappears, and the participant can select another card. The sequence of
gains and losses and the amount of each gain or loss encountered in each of the four decks
are detailed in Table 1.

In the A-IGT, Decks A′ and B′ are disadvantageous because they yield high immediate
gains but greater losses in the long run (e.g., a net loss of $250 for the first 10 cards), and
Decks C′ and D′ are advantageous in that they yield lower immediate gains but smaller
losses in the long run (e.g., a net gain of $250 for the first 10 cards). After the A-IGT is
completed, a net score is obtained by subtracting the total number of selections from the
disadvantageous decks (A′ + B′) from the total number selections from the advantageous
decks (C′ + D′).

It is important to note that the “original” or A-IGT discussed here matches the current
computerized version of the task (Bechara, 2007). This version of the task has been used
since the task became computerized (Bechara, Tranel, & Damasio, 2000). The details of
these schedules are published in the professional manual of the IGT (Bechara, 2010).
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IGT performance has proven resistant to changes, such as switching from a manually
administered to a computer-administered version (Bechara et al., 2000). In fact, in a battery
of revealing studies, the IGT has been robust enough to detect deficits when other
parameters of the task have been altered. These changes include using real money as
opposed to facsimile money (Bowman & Turnbull, 2003), using different time delays
between trials on the task (Bowman, Evans, & Turnbull, 2005), and having subjects perform
executive functioning tasks simultaneously (Turnbull, Evans, Bunce, Carzolio, & O’Connor,
2005).

K-IGT: An alternative version of the IGT with decks K′L′M′N′—The principles of
the alternate IGT versions are identical to the original task (A-IGT) except for one key
change. In the original version (A-IGT), the advantageous decks (C′ and D′) yield smaller
immediate rewards than the disadvantageous decks (A′ and B′) 100% of the time. This
percentage is reduced to 70% in the alternate version (K-IGT), so that 30% of the time, the
advantageous decks yield rewards that resemble the average reward of the disadvantageous
decks, and 30% of the time the disadvantageous decks yield rewards that resemble the
average of the advantageous decks. This change circumvents the problem of practice effects
in retest situations, when participants have experience with the original IGT and discover the
rules of the task. Upon learning the original IGT rules, a simple heuristic to succeed would
be to avoid decks with higher initial gains. Therefore, in this IGT manipulation, 3 out of 10
cards from each deck would yield a gain that would contradict this simple heuristic. The net
score of K-IGT is obtained by subtracting the total number of selections from the
disadvantageous decks (L′+N′) from the total number selections from the advantageous
decks (K′+M′).

Q-IGT: An alternative version of the IGT with decks Q′R′S′T′—The alternate
version Q-IGT is identical to the K-IGT except that the fraction of the inconsistent rewards
is 40%. In the K-IGT version, 30% of the time the advantageous decks (K′ and M′) yield
rewards that resemble the average reward of the disadvantageous decks, and the
disadvantageous decks (L′ and N′) yield rewards that resemble the average of the
advantageous decks. However, in the Q-IGT version, the advantageous decks (Q′ and T′)
yield rewards that resemble the average reward of the disadvantageous decks, and the
disadvantageous decks (R′ and S′) yield rewards that resemble the average of the
advantageous decks 40% of the time. Therefore, the alternate version Q-IGT is more
difficult than the alternate version K-IGT.

Procedures
For each IGT administration, participants were instructed to select one card at a time from
any of the four decks visible on the screen. They were not told how much money could be
won or lost, when the game would end, or the reward schedule of the decks. Furthermore,
participants were asked to treat the play money in the game as if it were real money. The
mean interval between Time 1 (A-IGT) and Time 2 (K-IGT) was 13.57± 3.7 months. The
mean interval between Time 2 (K-IGT) and Time 3 (Q-IGT) was 49.83± 5.1months.

Order of administration—Because the alternative K-IGT and Q-IGT versions were
specifically developed to mitigate the learning and practice effects of the original IGT
version (A-IGT), the original version was always administrated first. Moreover, since the Q-
IGT version was the most difficult among the three versions, it was always administrated
last. Therefore, the order of administration was always A-IGT first, followed by K-IGT, and
finishing with Q-IGT.
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Data Analysis
Data were analyzed with the Statistical Package for the Social Sciences for Windows,
Version 17.0 (SPSS Inc., IBM, Chicago, IL). Demographic variables were compared
between control participants and vmPFC patients using independent samples t-tests and Chi-
square tests. There was a significant difference in age and education between the control
group and the patient group, therefore analyses were first performed separately for each
group. That is, correlations among age, education, sex, and performance on the three IGT
tasks were performed separately either among control participants or among vmPFC
patients. In order to plot the learning curve of the IGT performance for each version, we
subdivided the 100 card selections into five blocks of 20 cards each. Repeated measures
ANOVAs were performed (3 sessions × 5 blocks) separately, either among the control group
or among the vmPFC patient group. Next, the IGT total net scores were compared to the
subjective score of 0 using one-sample t-tests. We used the conservative score of zero
because it also represents the random choice of the task. Finally, to analyze the profile of the
IGT performance between control participants and patients, we conducted repeated measure
ANCOVA tests (3 sessions × 5 blocks × 2 groups) with age, sex, and education, as
covariables.

Results
Demographic variables

Thirteen patients with vmPFC damage and 64 control subjects participated in this study.
Table 2 shows the demographics for each group. There were more female participants in the
control group than in the vmPFC patient group (χ2 (1)= 4.29, p < 0.05). The vmPFC
patients were significantly older than control participants (t(75) = 5.90, p < 0.001). The
control participants had more years of education than the vmPFC patients (t(75) = 4.20, p <
0.001).

Correlations among demographic variables and IGT performance in three versions of the
IGT in control participants

The upper panel in Table 3 reports correlations among demographic variables and IGT
performance in three versions of the IGT in control participants. The results show that males
had more years of education than females (p < 0.05). As expected, a significant correlation
was found between A-IGT and K-IGT scores (r = 0.62, p <0.001), between K-IGT and Q-
IGT scores (r = 0.74, p < 0.001), and between A-IGT and Q-IGT scores (r = 0.64, p <
0.001). Moreover, none of the demographic variables (age, sex, and education) were
correlated with IGT performance for any of the three versions in control participants (all r <
0.1).

Behavioral performance in three versions of the IGT in control participants
Figure 1 shows performance on the three IGT versions in control participants. A net score
above zero implied that the participants were selecting cards advantageously, and a net score
below zero implied disadvantageous selection. In Figure 1A, we subdivided the 100 card
selections into five blocks of 20 cards each for the original version of the IGT. For each
block, we counted the number of selections from disadvantageous cards and the number of
selections from advantageous cards, and then derived a net score for that block. Figure 1A
presents the scores on the three versions of the IGT across five blocks in control
participants. The performance of the IGT in the control participants was similar in each
session. In every version of IGT, control participants gradually switched their preferences
toward the advantageous decks and away from the disadvantageous decks in each testing
session, as reflected by increasingly positive scores across blocks. A repeated measures
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ANOVA (3 sessions × 5 blocks) revealed a significant effect of block (Greenhouse-Geisser
adjusted F(3.3, 226.8) = 26.14, p < 0.001) and a significant interaction between block and
session (Greenhouse-Geisser adjusted F(6.3, 428.5) = 7.83, p < 0.001). However, there was
no statistically significant effect of session (Greenhouse-Geisser adjusted F(1.6, 105) = 0.95,
p = 0.39). The significant interaction between block and session was a result of the
fluctuation among blocks in different sessions in controls. For example, controls scored high
above 0 in Block 5 of A-IGT and K-IGT. However, they scored below zero in Block 1 of K-
IGT and Q-IGT. Indeed, when compared to a score of zero (random choice), the scores from
the first block of the three versions of the IGT were significantly lower than a score of zero,
and the scores from all other blocks (except the fourth block of the Q-IGT) were
significantly higher than a score of zero (p < 0.05).

Figure 1B shows the total IGT net scores across the three versions of the IGT in control
participants. Results from one-sample t-tests show that the total net scores on the three
versions of the IGT in control participants were all significantly greater than a score of zero
(p < 0.05).

These results suggest that the control participants showed a normal learning curve,
performing better on the task within each session. Furthermore, there were no practice
effects found across sessions when using the alternative versions of the IGT.

Correlations among demographic variables and IGT performance in three versions of the
IGT in vmPFC patients

The lower panel in Table 3 reports correlations among demographic variables and IGT
performance in the three versions of the IGT in vmPFC patients. The results showed that A-
IGT correlated significantly with K-IGT (r = 0.66, p < 0.001) and Q-IGT scores (r = 0.63, p
< 0.001). K-IGT also significantly correlated with Q-IGT scores (r= 0.88, p < 0.001).
Moreover, none of the demographic variables (age, sex, and education) were correlated with
IGT performance in any of the three versions in vmPFC patients (all r < 0.15).

Behavioral performance in three versions of the IGT in the vmPFC patients
Figure 2A presents the net scores as a function of block across the three versions in vmPFC
patients. The performance of the IGT in the vmPFC patients was similar in each session. In
every version of the IGT, vmPFC patients could not learn from the task, and they mainly
chose from the disadvantageous decks for every block. A repeated measures ANOVA (3
sessions × 5 blocks) did not reveal a significant effect by block (Greenhouse-Geisser
adjusted F(3.03, 20.79) = 1.24, p = 0.30) or an interaction between block and session
(Greenhouse-Geisser adjusted F(1.73, 20.79) = 0.72, p = 0.68). Moreover, there was no
statistically significant effect by session (Greenhouse-Geisser adjusted F(1.22, 20.79) =
1.34, p = 0.28). When compared to a score of zero (random choice), the scores from the first
block of the three versions of the IGT were significantly lower than a score of zero, and the
scores from several other blocks of three versions of the IGT were significantly higher than
a score of zero (p < 0.05).

Figure 2B shows the total IGT net scores in three versions of the IGT in vmPFC patients.
Results from one-sample t-tests show that the total net scores from the three versions of the
IGT in vmPFC patients were significantly less than a score of zero (p < 0.05).

These results suggest that vmPFC patients did not show a normal learning curve in any of
three versions of the IGT, and there was no significant improvement of performance across
the three sessions. Moreover, vmPFC patients performed worse on all three versions of the
IGT, as reflected by IGT net scores that were significantly lower than a score of zero
(random choice).
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Impaired IGT performance in patients relative to control participants
The correlation analysis in either control participants or vmPFC patients above shows that
there was no statistically significant correlation between age, sex, or education and scores on
the three versions of the IGT (all r < 0.15). This suggests that the slightly different
demographic variables among the groups are not confounding factors to making a direct
comparison of the IGT performance between control participants and vmPFC patients. To
confirm this notion, repeated measure ANCOVA tests (3 sessions × 5 blocks × 2 groups)
were performed with age, education, and sex as covariables. The results demonstrate that
there were no significant effects of within-subjects test sessions, sessions × age, sessions ×
education, sessions × sex or sessions × group (all p > 0.05). There were no between-subjects
effects of age, sex, or education (all p > 0.05). As predicted, the only significant effect was
the between-subjects group effect (F(1, 72) = 5.7, p < 0.05).

Moreover, we conducted additional analyses comparing 10 vmPFC patients and 19 controls
that were matched by age, sex, and education. We excluded three patients due to their low
levels of education (between 7 and 8 years), as we could not find any matched controls for
these patients. We found that the matched controls still performed significantly better than
patients on all three versions of the IGT (See Appendix Table 1 & Figure 1).

In conclusion, these findings suggest that relative to controls, vmPFC patients performed
worse on all three versions of the IGT as reflected by significantly lower IGT net scores,
even after adjusting for age, sex, and education level.

Discussion
The results of this study confirm our hypothesis that patients with bilateral lesions to the
vmPFC do not show recovery of decision-making capabilities over time and are persistent in
making disadvantageous decisions as measured by the original and alternative versions of
the IGT. Patients with bilateral vmPFC lesions persisted in demonstrating significant
impairment in performance relative to controls across all versions of the task. These results
are consistent with an earlier study using repeated tests with only one version of the IGT
(the original version) (Waters-Wood et al., 2012), and they also confirm clinical
observations that the decision-making impairment of patients with vmPFC damage does not
recover over time, even when the damage is acquired very early on in life (e.g., Anderson,
Bechara, Damasio, Tranel, & Damasio, 1999). Although recovery of function is often
observed in several other domains, these findings support the notion that brain plasticity
cannot compensate for the decision-making impairment associated with vmPFC damage.

The development of alternative versions of the IGT with increasing difficulty was successful
in accomplishing the goal of eliminating the typical improvement seen in scores for healthy
subjects when retested on the same original version. Our results demonstrate that control
participants showed the expected learning curve for all versions of the IGT. That is, they
incrementally selected more choices from the advantageous decks within each IGT version.
Furthermore, there was no improvement in scores across the three sessions among control
participants. By contrast, the vmPFC patients did not learn to choose advantageously for any
of the three versions of the IGT, and they did not show any improvement in performance
across the three sessions.

Given the strong correlations among the different versions of the IGT, it is reasonable to
assume that these alternative versions of the IGT carry the same fidelity in detecting
decision-making impairments as the original version. This is also corroborated by the fact
that control participants chose significantly more often from the advantageous decks, as
opposed to making random choices (i.e., compared to score of 0) in each of the three
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sessions, whereas vmPFC patients selected significantly more from disadvantageous decks
as compared to random choice (a score of zero) in each session. The results also
demonstrated that vmPFC patients performed significantly worse than control participants
after controlling for the demographic variables of age, sex, and education.

Besides the implication of the current results for understanding recovery of decision-making
function after vmPFC damage, the development of alternative, parallel versions of the IGT
should offer potential tools for researchers and clinicians who need to retest participants
following behavioral or pharmacological interventions (see Buelow & Suhr, 2009).
Developing such tools has significant implications, given the fact that disturbances of
decision-making are among the most devastating consequences of focal brain damage.
Although recent years have witnessed a significant growth in test instruments designed to
measure decision-making capacity, the IGT can be set apart from other decision-making
tasks based on the clinical characteristics of the IGT. It is important to highlight these
clinical characteristics that differentiate it from other tests of decision-making.

Some criticisms of the IGT were made on the basis that the task might not be specific to the
vmPFC (Manes, Sahakian, Clark, Rogers, Antoun et al., 2002). This issue was addressed
extensively in subsequent studies which revealed that poor IGT scores should not
automatically imply a specific vmPFC dysfunction (Bechara, 2004b; Bechara & Damasio,
2005; Bechara et al., 2000). Individuals who have memory problems and perform poorly on
other executive function tests, such as the Wisconsin Card Sorting Test (Berg, 1948), are
very likely to perform poorly on the IGT (Torralva, Kipps, Hodges, Clark, Bekinschtein et
al., 2009). However, inferring a vmPFC diagnosis is reasonable when the patient performs
normally on most or all memory/executive function tests but performs poorly on the IGT.
Poor IGT scores combined with relatively normal memory and executive function test
scores imply poor decision-making linked to vmPFC damage or dysfunction. In contrast,
poor IGT scores combined with poor memory, especially working memory, and other
executive function scores imply poor decision-making linked to damage or dysfunction of
the dorsolateral prefrontal cortex, the insular cortex, the parietal cortex, or the anterior and
medial temporal lobe, including the amygdala and the hippocampus (Bechara, 2004b;
Bechara & Damasio, 2005; Bechara et al., 2000). The specificity of the IGT to vmPFC
dysfunction increases when impairments on other cognitive tests are ruled out.

Previous studies have demonstrated that the relationship between decision-making on one
hand and working memory (including the executive process of working memory such as
response inhibition or reversal learning) on the other hand are asymmetrical in nature
(Bechara, 2004a; Bechara, Damasio, Tranel, & Damasio, 2005). That is, working memory
and/or reversal learning can be normal, even when deficits in decision-making are present.
Lesions or impaired functioning of the dorsolateral prefrontal cortex, an area critical to
working memory function, leads to impaired performance on the IGT (Manes et al., 2002;
Suhr & Hammers, 2010). However, when working memory and/or reversal learning deficits
are present, decision-making capacity becomes compromised. In support of this notion,
many patients with vmPFC lesions who are severely impaired in decision-making, as
measured by the IGT, were shown to have normal working memory, as measured by
delayed non-matching to sample tasks (Bechara, Damasio, Tranel, & Anderson, 1998).
Furthermore, these patients also show normal performance on simple (as opposed to
probabilistic) reversal learning tasks (Clark, Cools, & Robbins, 2004). By contrast, decision-
making is abnormal in brain lesion patients with any other brain damage associated with
impairments in working memory (Bechara et al., 1998; Clark, Manes, Antoun, Sahakian,
Robbins et al., 2003; Manes et al., 2002), or impairments in reversal learning (Fellows &
Farah, 2003).
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Implications
The implications of the current study go well beyond the recovery of decision-making
function in neurological patients given that the IGT is currently used to detect impairment in
decision-making in numerous other neuropsychiatric conditions. For example, impaired
performance on the IGT has been associated with a number of clinical diagnoses, including
addiction (Bechara & Martin, 2004), pathological gambling (Cavedini, Riboldi, Keller,
D’Annucci, & Bellodi, 2002), obsessive-compulsive disorder (Whitney, Fastenau, Evans, &
Lysaker, 2004), schizophrenia (Sevy, Burdick, Visweswaraiah, Abdelmessih, Lukin et al.,
2007), attention-deficit/hyperactivity disorder (ADHD) (Malloy-Diniz, Fuentes, Borges-
Leite, Correa, & Bechara, 2007), frontotemporal dementia (Torralva, Kipps, Hodges, Clark,
Bekinschtein et al., 2007), impulsive aggressive disorders (Best, Williams, & Coccaro,
2002), and neurodegenerative diseases (Kobayakawa, Koyama, Mimura, & Kawamura,
2008; Mimura, Oeda, & Kawamura, 2006; Sinz, Zamarian, Benke, Wenning, & Delazer,
2008; Stout, Rodawalt & Siemers, 2001). Interestingly, recent research has used the IGT to
detect possible decision-making abnormalities among individuals who otherwise have not
been diagnosed with any neurological or neuropsychiatric condition, such as obese
individuals (Davis, Levitan, Muglia, Bewell, & Kennedy, 2004), older adults (Denburg,
Tranel, & Bechara, 2005), and “fun-seeking” personalities (Suhr & Tsanadis, 2007), among
others. Moreover, the IGT has also been used in studies of normal adolescents (Hooper,
Luciana, Conklin & Yarger, 2004; Overman, 2004).

Some limitations exist in this study. First, the controls were older and had higher education
levels than the patients. However, several statistical tests and an additional analysis of a
subgroup of control participants and patients who were matched on age and education
confirmed that these demographic differences did not exert a meaningful change in the
interpretation of our results. Therefore, our results are consistent with previous studies
showing that age and education are not significantly correlated with IGT performance
(Evans, Kemish, & Turnbull, 2004, Wood, Busemeyer, Koling, Cox, & Davis, 2005).
Second, compared to previous studies that examined practice effects using the intervals of
tests by weeks or one year (Bartels, 2010; Krenk et al., 2012), the intervals between tests in
our study were much longer. We chose a more extended period of time due to findings from
our previous work that indicates that even after a five-year interval between administrations,
the control participants still demonstrated strong practice effects on the original version of
the IGT (A-IGT) (Waters-Wood et al., 2012). Future studies should be done to test the
practice effects with much shorter time intervals. Third, the order of the three tasks was
fixed in this study, therefore, a crossover design is needed in future studies in order to
address the possible order effects of the tasks. Finally, the number of patients was relatively
small in our study. We calculated the effect size and the needed sample size for sufficient
power across two of the variants (A versus K-IGT, A versus Q-IGT), and we found that the
effect size is so small to the point that we would need a sample size of several hundreds of
individuals to detect a meaningful difference (see Appendix Table 2). Therefore, while these
analyses demonstrate that potentially there are some differences that could be detected
significantly with a very large sample, and this would constitute another limitation of the
study, the fact remains that in practice, with such a small effect size, any comparison among
the different tasks in a clinical population would not yield an interpretable effect. Regardless
(i.e., be it there are some minute differences or not), the primary interpretation of the current
results that frontal lesion patients do not recover upon repeated testing with variants of the
IGT would remain the same.

In conclusion, this study improves our understanding of the recovery, or lack thereof, from
impairments in decision-making caused by bilateral damage of the vmPFC. The
development of alternative IGT tasks that reliably measure decision-making impairments in
vmPFC lesion patients, and which circumvent the problem of practice effects with repeated
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testing in healthy individuals, should provide a valuable tool for clinicians and researchers
who need to use the IGT to track how patients’ performance changes over time.
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Appendix
Table 1

Demographic data of patients and matched controls participating in the A-IGT, K-IGT and
Q-IGT

Patients Controls Difference between groups

N 10 19

Gender (male, female) (6, 4) (7, 12) χ2 (1) =2.23, p=0.23

Age (years; mean±SD) 58.8±12.6 53.7±12.7 t (27) = 1.03, p =0.31

Education (years; mean±SD) 14.2±1.6 14.4±2.2 t(27) = 0.33, p =0.74

Table 2

IGT net score at three times across groups

Time 1 A-IGT Time 2 K-IGT Time 3 Q-IGT Effect Size
(T1, T2)
(Cohen’s d)

N* for
(T1,
T2)

Effect Size
(T1, T3)
(Cohen’s d)

N* for
(T1,
T3)Mean SD Mean SD Mean SD

Controls 14.88 30.98 12.82 30.30 9.91 39.15 0.08 1229 0.19 220

Patients −9.08 15.84 −5.88 14.03 −10.73 21.09 −0.26 119 0.10 787

Note:
*
The sample size needed to reach 80% of the power based on the effect size.
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Figure 1.
The performance on three versions of the IGT tasks in patients and matched controls. (A).
The IGT net scores across five blocks of 20 cards expressed as mean+S.E. (B). The IGT
total net scores expressed as mean+S.E.. Positive net scores reflect advantageous (non-
impaired performance) while negative net scores reflect disadvantageous (impaired)
performance. *p<0.05, comparing to patient group. IGT=Iowa Gambling Task.
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Figure 1.
The performance on three versions of the IGT tasks in control participants. (A). The IGT net
scores across five blocks of 20 cards expressed as mean+S.E. (B). The IGT total net scores
expressed as mean+S.E.. Positive net scores reflect advantageous (non-impaired
performance) while negative net scores reflect disadvantageous (impaired)
performance. *p<0.05, ***p<0.001 comparing to a score of 0 (random choice). IGT=Iowa
Gambling Task.
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Figure 2.
The performance on three versions of the IGT tasks in VMPFC patients. (A). The IGT net
scores across five blocks of 20 cards expressed as mean+S.E. (B). The IGT total net scores
expressed as mean+S.E.. Positive net scores reflect advantageous (non-impaired
performance) while negative net scores reflect disadvantageous (impaired)
performance. *p<0.05 comparing to the score of 0 (random choice). IGT=Iowa Gambling
Task.
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Table 2

Demographic data of subjects participating in the A-IGT, K-IGT and Q-IGT

Patients Controls

N 13 64

Gender (male, female) (7, 6) (16, 48) χ2 (1) =4.29, p <0.05

Age (years; mean±SD) 55.6±17.2 34.0±10.5 t (75) = 5.90, p < 0.001

Education (years; mean±SD) 12.3±2.6 15.6±2.5 t(75) = 4.20, p < 0.001
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