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Abstract

Since Bechara et al. pioneered its development, the Iowa Gambling Task (IGT) has been widely applied to elucidate decision
behavior and medial prefrontal function. Although most decision makers can hunch the final benefits of IGT, ventromedial
prefrontal lesions generate a myopic choice pattern. Additionally, the Iowa group developed a revised IGT (inverted IGT,
iIGT) to confirm the IGT validity. Each iIGT trial was generated from the trial of IGT by multiplying by a ‘‘2’’ to create an
inverted monetary value. Thus, bad decks A and B in the IGT become good decks iA and iB in the iIGT; additionally, good
decks C and D in the IGT become bad decks iC and iD in the iIGT. Furthermore, IGT possessed mostly the gain trials, and iIGT
possessed mainly the loss trials. Therefore, IGT is a frequent-gain–based task, and iIGT is a frequent-loss–based task.
However, a growing number of IGT-related studies have identified confounding factors in IGT (i.e., gain-loss frequency),
which are demonstrated by the prominent deck B phenomenon (PDB phenomenon). Nevertheless, the mirrored PDB
phenomenon and guiding power of gain-loss frequency in iIGT have seldom been reexamined. This experimental finding
supports the prediction based on gain-loss frequency. This study identifies the mirrored PDB phenomenon. Frequent small
losses override occasional large gains in deck iB of the iIGT. Learning curve analysis generally supports the phenomenon
based on gain-loss frequency rather than final outcome. In terms of iIGT and simple versions of iIGT, results of this study
demonstrate that high-frequency loss, rather than a satisfactory final outcome, dominates the preference of normal decision
makers under uncertainty. Furthermore, normal subjects prefer ‘‘no immediate punishment’’ rather than ‘‘final reward’’
under uncertainty.
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Background

Bechara et al. [1] designed the Iowa Gambling Task (IGT) in

1994 to simulate real-life decisions and verify decision patterns

between subjects with ventromedial prefrontal (VMPFC) lesions

(who suffered social function deficits) and normal controls. Serial

findings of the Iowa group indicated that normal decision makers

can support the Somatic Marker Hypothesis (SMH) proposed by

Damasio et al. [2,3]. The SMH postulates that subjects with

VMPFC lesions are myopic to future consequences of their

performance in real-life decision making; meanwhile, normal

subjects can predict the ultimate benefits using an intact somatic

system [4,5]. In the recent decade, the IGT has been an effective

means of evaluating the decision function between normal decision

makers and neuropsychological patients in clinical assessment

[6,7].

In IGT, decks A and B cause subjects to lose $250 over an

average of ten trials, explaining why the two decks were defined as

‘‘bad decks’’. Decks C and D cause subjects to gain $ 250 over an

average of ten trials, explaining why the two decks were named

‘‘good decks’’ [1,8]. In the original IGT, bad deck A and good

deck C displayed 10 gains and 5 losses, while bad deck B and good

deck D displayed 10 gains and 1 loss [1] (Table 1, first circle of 10

trials in the IGT). In sum, the original IGT was a frequent gain

based game under uncertainty. Bechara et al. found that subjects

with affective deficits preferred bad decks A and B to good decks C

and D, while normal control subjects preferred good decks C and

D to bad decks A and B [4,9,10,11,12,13].

Additionally, Bechara et al. [14] devised an inverted version of

IGT (iIGT) to validate IGT and SMH. In the iIGT, Bechara et al.

reversed the sign (+/2) of each trial in the original IGT (see

Table 1) such that decks A and B have positive final outcomes ($
+250), while decks C and D have negative final outcomes ($ 2250)

over an average of ten trials (see Table 2). That study renamed

inverted deck A as deck G, deck B as deck E, deck C as deck F,

and deck D as H (for easy comparison and description, deck G is

referred to hereinafter as iA; deck E as iB; deck F as iC; deck H as

iD) (Table 2, first circle of ten trials in the iIGT).

In the iIGT, the four decks have final outcomes opposite to those

in the original IGT; the gain-loss structure is inverted as well.
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Decks iA and iC in the iIGT have 5 gains and 10 losses, while

decks iB and iD have 1 gain and 10 losses (Table 2). Additionally,

the iIGT demonstrates that gain-loss frequency and monetary

value between good and bad decks inverted completely from those

of the original IGT. In sum, iIGT is a frequent loss based game

under uncertainty. However, the iIGT can still predict the effect of

final outcome [14]. Namely, normal decision makers can gradually

infer the ultimate benefits and learn to select good decks iA and iB,

while also avoiding the selection of bad decks iC and iD. In short,

decision makers are not attracted to the frequent large gains of

decks A and B in the IGT; in addition, decision makers are not put

off by frequent large losses (pains or punishments) of decks iA and

iB in the iIGT. The Iowa group suggests that long-term outcome

largely determines choice behavior under uncertainty.

However, numerous IGT studies have identified a strange

phenomenon recently [15,16,17,18,19,20,21,22,23,24,25,26], spe-

cifically the ‘‘prominent deck B’’ (PDB) phenomenon [27]. This

phenomenon demonstrates that normal subjects prefer bad deck B

almost as much as good deck D in the original IGT. In short, the

gain-loss frequency dominates decision-makers’ choices in the IGT

[28,29].

By using a simplified version of the IGT (AACC and BBDD),

Lin et al. [27] verified the PDB phenomenon, indicating that bad

deck B is selected nearly as frequently as good deck D in the

BBDD version. They also suggested that deck C is preferred over

deck A in the AACC version. However, this preference results in

the AACC version not from final outcome, yet rather from the

unbalanced gain-loss frequency between decks A (5 gains, 5 losses)

and C (5 gains, 5 draws) in terms of net value in each trial

(Table 3). Bechara (Sevy et al. and Johnson et al.) [30,31] recently

identified the PDB phenomenon in their experimental data. In

their studies [30], subjects chose bad deck B (the mean number of

card selection for deck B is ‘‘31’’ trials; this number is observed

from the table of Sevy et al., 2007) over the other three decks. Deck

B was selected nearly twice as frequently in this study than it was in

1994 (the mean number of card selection for deck B is

approximately ‘‘17’’ trials; this number is estimated based on the

figure of Bechara et al., 1994). Wilder et al. (1998) [16] mentioned

the dominating influence of gain-loss frequency in the IGT

[15,16,17,18,19,20,21,22,23,24,25,26]. In particular, frequent

gains override large losses in the bad final-outcome deck B. The

PDB phenomenon is consistent with findings of the literature.

Traditional analysis methods largely used the two-category

format (good vs. bad) to present data, explaining their insufficiency

in evaluating the effect induced by the gain-loss frequency [6,32].

Furthermore, this study surveyed nine previous studies, which

utilized iIGT as the research instrument (Table 4)

[13,14,31,33,34,35,36,37,38]. These studies presented their data

using the two-category format (good (iA+iB) vs. bad (iC+iD))

[13,14,31,33,34,35,36,37,38,39]. Therefore, the mean number of

each deck cannot be observed directly and the evaluation of the

frequency effect is inaccessible. However, there have four studies

have touched the issue of frequency effect in some iIGT situation.

Geurts et al. (2006), Huizenga et al. (2007), Fernie (2007) and Fum

et al. (2008) studies [28,40,41,42] incorporated the four-deck

format to present their data [28,40,41,42]. However, Geurts et al.

(2006), Huizenga et al. (2007) studies utilized the modified iIGT (i.e.

the hungry donkey version, HDV [39]). The HDV was modified

by the Crone et al. (2003) [39] and mainly aimed to explore the

Table 1. The gain-loss structure in the original IGT.

IGT A B C D

1 100 100 50 50

2 100 100 50 50

3 100, 2150 100 50, 250 50

4 100 100 50 50

5 100, 2300 100 50, 250 50

6 100 100 50 50

7 100, 2200 100 50, 250 50

8 100 100 50 50

9 100, 2250 100, 21250 50, 250 50

10 100, 2350 100 50, 250 50, 2250

Final Outcomes 2250 2250 250 250

Gain-loss Frequency 10 gains 10 gains 10 gains 10 gains

5 losses 1 loss 5 losses 1 loss

doi:10.1371/journal.pone.0047202.t001

Table 2. The gain-loss structure in the inverted IGT.

iIGT iA iB iC iD

1 2100 2100 250 250

2 2100 2100 250 250

3 2100, 150 2100 250, 50 250

4 2100 2100 250 250

5 2100, 300 2100 250, 50 250

6 2100 2100 250 250

7 2100, 200 2100 250, 50 250

8 2100 2100 250 250

9 2100, 250 2100, 1250 250, 50 250

10 2100, 350 2100 250, 50 250, 250

Final Outcomes 250 250 2250 2250

Gain-loss Frequency 5 gains 1 gain 5 gains 1 gain

10 losses 10 losses 10 losses 10 losses

doi:10.1371/journal.pone.0047202.t002

Table 3. The net value of each trial in the original IGT.

iIGT iA iB iC iD

1 100 100 50 50

2 100 100 50 50

3 250 100 0 50

4 100 100 50 50

5 2200 100 0 50

6 100 100 50 50

7 2100 100 0 50

8 100 100 50 50

9 2150 21150 0 50

10 2250 100 0 2200

Final Outcomes 2250 2250 250 250

Gain-loss Frequency 5 gains 9 gains 5 gains 9 gains

5 losses 1 loss 5 draws 1 loss

doi:10.1371/journal.pone.0047202.t003

Mirrored Prominent Deck B Phenomenon
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developmental issues of decision-making. The HDV used the

donkey choices to knock the (four) doors (as decks) as the main

scenario and utilized the apple number to represent the monetary

value in the original iIGT. So, the simplified HDV may not be

totally comparable to the original iIGT. Furthermore, while using

the original iIGT (Bechara et al., 2000), the doctoral dissertation of

Fernie demonstrated the mean chosen number of four decks.

However, Fernie’s dissertation [42] focused on other manipula-

tions (e.g., probabilistic version) in iIGT. Notably, Fum et al. (2008)

directly demonstrated the frequency effect override the final-

outcome in the standard iIGT. Consequently, Geurts et al. (2006),

Huizenga et al. (2007), Fernie (2007) and Fum et al. (2008) had

revealed the partial effect of gain-loss frequency in these modified

iIGT. However, the mirrored PDB phenomenon was not clearly

defined before as well as illustrated and discussed in detail.

Therefore, this work used iIGT and, in particular, the two simple

versions of iIGT with extended stage to verify the observations of

Fum et al. (2008), Fernie (2007), Geurts et al. (2006) and Huizenga

et al. (2007).

Based on two experiments, this study illustrates the mirrored

PDB phenomenon in iIGT. While focusing on the four-deck

format to present the data, the first experiment attempted to

reproduce the original findings of the iIGT. Based on the

experimental paradigm of Lin et al. (2007) [27], the second

experiment enrolled two simplified versions of iIGT (iA-iA-iC-iC;

iB-iB-iD-iD) to illustrate the frequency effect in the context of

iIGT.

In the first experiment, if gain-loss frequency could predict

decision-making behavior in the iIGT, subjects should avoid

selecting high-frequency loss decks iB and iD as well as prefer

related frequent-gain decks iA and iC (Table 2). Namely, the

mirrored PDB phenomenon should be observable. Conversely, if

the final outcome is dominant, subjects should prefer good final-

outcome decks iA and iB to bad final-outcome decks iC and iD.

Thus, the mirrored PDB phenomenon should not occur.

In particular, evaluating the two perspectives (gain-loss

frequency vs. final-outcome) focuses on evaluating the mean

number of good deck iB (Table 2). If the preference of most

participants for good deck iB equals that for good deck iA, then the

experimental outcome obtained by Bechara et al. [14] is replicated

and final outcome applied. In contrast, if good deck iB is chosen

less frequently than good deck iA or nearly as frequently as bad

decks iC and iD, the gain-loss frequency is a valid means of

predicting the choice pattern under uncertainty.

Based on the simplified version (iA-iA-iC-iC and iB-iB-iD-iD) of

the iIGT, the second experiment aims to verify the findings of Lin

et al. (2007) [27]. This experiment also further evaluates the

predictive power of the final outcome and gain-loss frequency in

relatively uncomplicated situations. If the final outcome is

predictive, decision-makers should prefer good deck iA over bad

deck iC in the iA-iA-iC-iC version of the iIGT. Contrastly if gain-

loss frequency is predictive, decision makers should prefer good

deck iA (5 gains, 10 losses) nearly equal to bad deck iC (5 gains, 10

losses) (Table 2) [43]. Nevertheless, based on the explanation of

Table 4. Summary of presentation methods from thirteen iIGT studies.

Research Groups Subjects Presentation Format

Bechara et al. (2000) Controls: 20 subjects (8 males, 12 females); Age: 22,68 (42.1611.6)
years old; Education: 14.361.2 years

Two-category format

Bechara et al. (2002) Controls: Impaired: 9 subjects (2 males, 7 females); Age: 44.767.2 years old;
Education: 14.761.7 years; Non-impaired: 22 subjects (12 males, 10 females);
Age: 41.268.9 years old; Education: 15.362.3 years

Two-category format

Crone et al. (2003) Three groups: (1) 27 subjects (12,13 years old); (2) 28 subjects (15,16
years old); (3) 35 subjects (18,25 years old)

Two-category format

Davis et al. (2008) 452 subjects (285 males, 167 females); Age: 25,50 (men 34.5167.7,
women 34.3167.33) years old; Education: seven categories

Two-category format

Desmeules et al. (2008) 126 adult women; Age: 18,75 (43.03616.34) years old; Four groups: (1) low
BIS/low BAS; (2) high BIS/low BAS; (3) low BIS/high BAS; (4) high BIS/high BAS

Two-category format

Dretsch et al. (2007) 35 subjects (10 males, 25 females); Age: 22.765.07 years old; Two groups:
(1) low working memory; (2) high working memory

Two-category format

Geurts et al. (2006) Controls: 22 subjects (18 males, 4 females); Age: 10.061.3 years old; IQ: 108.9616.2 Four-deck format

Fum et al. (2008) 27 subjects (about 17 males); Age: 20,31 (21.462.5) years old Four-deck format

Huizenga et al. (2007) Four groups: (1) 61 subjects (33 boys, 28 girls, 6,9 years old); (2) 61
subjects (27 boys, 33 girls, 10,12 years old); (3) 59 subjects (29 boys, 30 girls,
13,15 years old); (4) 61 subjects (12 males, 49 females, 18,25 years old)
(Reanalysis of Crone and Van der Molen (2004)) [55]

Four-deck format

Johnson et al. (2008) Controls: 87 subjects who were teetotalers (37 males, 50 females); Age:
16.1160.52 years old; Four groups: (1) teetotalers; (2) occasional-drinkers;
(3) consumed alcohol during the past 30 days; (4) binge-drinkers

Two-category format

Kim et al. (2006) Controls: normal controls without a history of behavioral disorder 30 subjects (males);
Age: 39.167.3 years old; Education: 14.061.8 years; Four groups: (1) alcohol-dependent
patients with history of behavioral disorder (AD CD+); (2) alcohol-dependent patients without
history of behavioral disorder (AD CD2); (3) normal controls with history of behavioral
disorder (NC CD+); (4) normal controls without history of behavioral disorder (NC CD2)

Two-category format

Must et al. (2006) Controls: 20 subjects (11 females, 9 males); Age: 42.5610.7 years old;
Education: 15.169.4 years; Two groups: (1) control; (2) depression

Two-category format

Windmann et al. (2006) 22 subjects (11 males, 11 females); Age: 26.366.66 years old Two-category format

doi:10.1371/journal.pone.0047202.t004
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Lin et al. (2007) as well as the illustrated example of Chiu and Lin

(2007) [43], the subjects’ preference for deck iA (5 gains) over deck

iC (5 draws) can also be interpreted as the imbalanced gain

frequency in terms of net value calculation (Table 5).

Furthermore, if final-outcome has a predictive value, decision

makers should significantly prefer good deck iB ($ +250) over bad

deck iD ($ 2250) in the iB-iB-iD-iD version of iIGT. Conversely, if

gain-loss frequency has a predictive value, decision-makers should

have no strong preference for high-frequency loss decks iB (1 gain,

10 losses) versus iD (1 gain, 10 losses) (Table 2). Therefore, each

simplified version of iIGT is an index of verifying the guiding

power of final-outcome and gain-loss frequency in a relatively

simple context. While this study evaluates the guiding power of

two factors (gain-loss frequency vs. final-outcome) under the

frequent loss based circumstances (iIGT and simple version iIGT),

thoroughly elucidating decision behavior under uncertainty should

be of priority concern.

Materials and Methods

Participants
Experiment 1: iIGT. The first experiment enrolled 48

volunteers who completed the computer version of the iIGT.

Age effect and gender difference were controlled (first experiment

(iIGT): 24 females, mean age = 19.92 years, SD = 1.21; 24 males,

mean age = 20.42 years, SD = 1.38). In the present study, the

undergraduates were free to participate in any psychological

experiment in the university, including the computer game and

who participated in return for course credit [23,44,45,46]. This

study procedure was consistent with publicly available literature.

After completing the whole game, the authors provided a two

hours verbal statement in regard to the testing purpose and

psychological mechanism of the computer game for all subjects.

This data was collected about the 2007, the Institutional Review

Board approval and written informed consent form in Soochow

University were not available during that time (the IRB for human

study was constructing and written informed consent form was

available after 2009 in Soochow University). This study was

conducted in accordance with the unwritten rule of the Taiwan

Psychological Society. Accordingly, the data were analyzed in

group level and reported anonymously. Further, the IGT was

designed to simulate the real-life decision; so it looked like a

general computerized card-game on the internet. Many research

websites provided some internet versions to recruit the online

subjects (such as: http://www.millisecond.com/download/

samples/v3/IowaGamblingTask/IowaGamblingTask.web;

http://pebl.sourceforge.net/battery.html), who can take part in

the internet version of IGT totally free.

Experiment 2: simple version of the iIGT. The second

experiment recruited another 48 volunteers who completed the

simple version of the iIGT. The age and gender effects were

balanced by using 24 females (mean age = 20.29 years, SD = 1.20)

and 24 males (mean age = 20.58 years old, SD = 1.21). Each

simple version of iIGT was performed by 12 female and 12 male

participants. The gender difference and subject age were generally

controlled. The procedure of subject recruitment is equivalent to

the Experiment 1.

Task
Experiment 1: iIGT. The gain-loss structure of the iIGT used

in this study was that with inverted signs (+/2) developed by

Bechara et al. (1994) original IGT table (see Table 1). The card

position was balanced using the Latin-square design (24 card

arrangements: iA-iB-iC-iD, iA-iC-iD-iB, iA-iD-iB-iC………, iD-

iC-iB-iA) to prevent the visual field and card position confounding

the card selection. Each card arrangement was applied to two

participants (one female and one male) to ensure gender balance.

Additionally, the computer versions of iIGT and data-analysis

programs were programmed with Matlab 7.0. for data recollection

and analysis. The original instructions for the IGT [14] were

administered to each participant in the iIGT and simplified iIGT.

Each subject played the two-stage iIGT (100 trials, 100 trials) to

clarify their extended preference for these decks.

Experiment 2: simple version of the iIGT. The gain-loss

structures of two simple versions (iA-iA-iC-iC and iB-iB-iD-iD) of

the iIGT were generated from that of iIGT (Table 2). Also, Matlab

7.0 was utilized here to computerize simple version of iIGT and

analysis-programs for recording the selection behavior and post

game analysis. In each simple version of iIGT, the card positions

were counterbalanced (e.g. iA-iA-iC-iC, iA-iC-iA-iC…) and

experimental procedures for the original IGT were mostly

followed [14].

Procedure
Each participant was free to register a time slot at the laboratory

for a behavioral experiment and subjects were asked to play a four-

card computer game twice. When each participant came to the

laboratory, the experimenter showed them the original introduc-

tion of IGT [14] for reading. Furthermore, the experimenter

confirmed that each participant understood the rules of the game.

After completing the first stage, participants were instructed to

play the game once more, and the experimenter highlighted that

the internal rules of the second stage were the same as those of the

first stage. The mean number and probability maps of card

selection, learning curve of each deck and linear regression of

probability and monetary value were implemented for description

and inference statistics. The general linear model: repeated

measurement was taken to test the influence of two factors

(final-outcome [(iC+iD) vs. (iA+iB)] vs. gain-loss frequency [(iA+iC)

vs. (iB+iD)]). Also, the one way ANOVA was conducted to detail

the differences of decks (iA-iB-iC-iD) and evaluate the learning

effect, i.e. testing the difference between each of the two blocks

(block: each 20 trials) in each deck. Furthermore, exactly how the

two stages of each deck differ was evaluated using a paired sample

T-test.

Table 5. The net value of each trial in the inverted IGT.

iIGT iA iB iC iD

1 2100 2100 250 250

2 2100 2100 250 250

3 50 2100 0 250

4 2100 2100 250 250

5 200 2100 0 250

6 2100 2100 250 250

7 100 2100 0 250

8 2100 2100 250 250

9 150 1150 0 250

10 250 2100 0 200

Final Outcomes 250 250 2250 2250

Gain-loss Frequency 5 gains 1 gain 5 draws 1 gain

5 losses 9 losses 5 losses 9 losses

doi:10.1371/journal.pone.0047202.t005

Mirrored Prominent Deck B Phenomenon
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Results

Experiment 1: iIGT
The experimental results demonstrated that subjects favored

deck iA over the other three decks in the first and second stages

(Figures 1 and 2) [27,29,47]. The mirrored PDB phenomenon was

confirmed in the present study. The general linear model:

repeated measurement (two-factors: final-outcome [(iC+iD) vs.

(iA+iB)] vs. gain-loss frequency [(iA+iC) vs. (iB+iD)]) was applied to

test the iIGT. The primary effects of final outcome (first stage, F (1,

47) = 17.91, p,.01; second stage, F (1, 47) = 19.06, p,.01) and

gain-loss frequency (first stage, F (1, 47) = 29.47, p,.01; second

stage, F (1, 47) = 18.91, p,.01) were all significant (Figures 1 and

2). The interaction between the two factors was significant only in

the first stage (first stage, F (1, 47) = 13.31, p,.01; second stage, F

(1, 47) = 2.31, p = .14).

Additionally, the one-way ANOVA (iA-iB-iC-iD) and post hoc

analysis was performed to double check and evaluate the

difference between each of the two decks.

However, detailed analysis reveals the most significant effect as

the difference between deck iA and the other three decks (iB, iC,

iD). Table 6 lists the experimental result of a post hoc analysis

(corrected with Tukey HSD) for each pair of decks in two stages.

Furthermore, the learning curve for the both stage shows that

subjects clearly preferred the good deck iA, but avoided choosing

the other three decks throughout the game (Figures 3 and 4). One-

way ANOVA was initiated to test the learning effect with each 20

trials of block in each deck. Block significantly affected decks iA

and iD in the first stage (deck iA: F (4, 235) = 2.71, p,.05; deck iD:

F (4, 235) = 2.93, p,.05), but not the second stage. Post hoc

analysis revealed a significant difference only between blocks one

and five in deck iA (mean differences = 22.63, p,.05) and

between blocks one and three in deck iD (mean differences = 1.50,

p,.05). Nevertheless, no significant learning effect existed in decks

iB and iC in either stage. On the other hand, the block-by-block

comparison between the good and bad decks (iA vs. iC; iB vs. iD)

indicated that good deck iA was significantly preferred over bad

deck iC in most blocks of the game; however, good deck iB was not

significantly preferred over bad deck iD in most blocks of the first

and second stages (Tables 7 and 8).

To monitor the learning effect between the two stages in each

deck, a paired sample T- test was performed to explore the stage

difference. The analysis indicated that only decks iB and iD

differed significantly between the two stages (deck iA: t(47) = 20.1,

p = .92; deck iB: t(47) = 22.02, p,.05; deck iC: t(47) = 2.58,

p = .56; deck iD: t(47) = 3.21, p,.01). This finding revealed that

the stage learning effect was restricted to high-frequency loss

decks. A new launched analysis to disclosure the correlation

between monetary value and consecutive choice for each deck was

depicted in supplementary material (Figure S1).

Experiment 2: Simple version of iIGT (iA-iA-iC-iC)
The empirical result for the simple version (iA-iA-iC-iC) of the

iIGT identified predicted final outcome, indicating that most

subjects preferred deck iA to iC in both stages (Figure 5A). The

probability maps of each trial revealed that across the two sessions,

subjects favored deck iA (Figure 5B). Good deck iA was selected

more frequently than bad deck iC (first stage, t (23) = 3.71, p,.01;

second stage, t (23) = 4.55, p,.01). However, the present finding

can also be interpreted as the effect of gain-loss frequency. This is

owing to that the gain-frequency of iA exceeds that of iC (see

Table 5).

One-way (blocks (1–5)) ANOVA was applied to test the learning

effect between two decks (iA–iC subtraction) (Figure 6). The main

block effect was non-significant in each stage (first stage, F (4,

115) = 2.12, p = .08; second stage, F (4, 115) = 1.31, p = .27),

although the ascending curve of deck iA and the descending curve

of deck iC seemed to indicate that participants progressively

identified their preference for good deck iA in both stages.

Additionally, the general linear model: repeated measurement

(stage 1 (iA–iC) vs. stage 2 (iA–iC)) was enrolled to further test the

learning effect on stage level, and indicated a significant difference

between the two stages (F (1, 23) = 5.23, p,.05). This observation

differed from the results of the first experiment of iIGT.

Figure 1. Mean deck preference and selection probability during the first stage of the iIGT. (1a) The cumulative number of each deck in
the first stage of the iIGT demonstrates that subjects strongly preferred good deck iA to the other three decks. However, normal decision-makers
should not have avoided good deck iB; this experimental result is inconsistent with the basic assumption in the IGT. Notwithstanding, if the net score
of good decks (iA+iB) is used to substrate that of bad (iC+iD) decks, the basic assumption in the IGT still holds. (1b) Warm colors represent high
selection probability and cold colors represent low selection probability. Probability analysis across 100 trials indicated that most subjects preferred
to choose the good deck iA and avoided choosing good deck iB.
doi:10.1371/journal.pone.0047202.g001
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Experiment 2: Simple version of iIGT (iB-iB-iD-iD)
The observed result of the iB-iB-iD-iD version of iIGT verified

that subjects’ choice was mostly based on gain-loss frequency;

contradicting the basic assumption that final outcome motivated

subjects. Most subjects chose good deck iB almost as frequently as

bad deck iD during the first stage (t (23) = 21.01, p = .33) and

second stage (t (23) = 2.03, p = .054) (Figure 7A). The selection

probability of each trial indicated that subjects displayed nearly

equal preference for good deck iB and bad deck iD, nevertheless,

selection patterns differed between the two stages (Figure 7B).

The learning curves of decks iB and iD in both stages were

typically twisted together (Figure 8). One-way (blocks (1–5))

ANOVA testing was used to clarify the learning effect between

two decks (iB–iD subtraction). The main effect of block cannot be

observed in the iB-iB-iD-iD version in each stage (first stage, F (4,

115) = 2.19, p = .07; second stage, F (4, 115) = .71, p = .59).

However, this study performed a general linear model: repeated

measurement (stage 1 (iB–iD) vs. stage 2 (iB–iD)) in the iB-iB-iD-

iD version to test the effect of learning on stage level, and

demonstrated a significant difference between the two stages (F (1,

23) = 13.64, p,.01). This finding is consistent with the result of the

first experiment of iIGT. The additional investigation of testing the

relationship between monetary value and consecutive choice was

stated in supplementary material (Supplementary Figure 2).

Discussion

In both experiments, the gain-loss frequency is the main

predictive factor to explain the choice pattern of decision makers

under uncertainty. The PDB and the mirrored PDB phenomena

demonstrate that the gain-loss frequency overrides the final

outcome separately in frequent-gain (IGT) and frequent-loss

(iIGT) based circumstances. Moreover, the fact that the decision

makers preferred good deck C in the IGT and avoided bad deck

iC in the iIGT could also be interpreted as the influences of gain-

Figure 2. Mean deck preference and selection probability during the second stage of the iIGT. (2a) The second stage of the iIGT generally
replicated the findings of the first stage. The mean number of selecting deck iA significantly exceeds that for the other three decks in most cases
(Table 6). The experimental results obtained for ‘‘sunken deck iB’’ clearly support the PDB phenomenon in some IGT studies. (2b) The warm color
indicates a high likelihood of selection while the cold color indicates a low likelihood. Even in the second stage of iIGT, most subjects still preferred
good deck iA and avoided good deck iB.
doi:10.1371/journal.pone.0047202.g002

Table 6. Post hoc analysis (Tukey HSD) for each two-deck in
the iIGT.

Stage 1
Mean
Difference P Stage 2

Mean
Difference P

A–B 15.85 0.00** A–B 13.42 0.00**

A–C 12.67 0.00** A–C 12.13 0.00**

A–D 15.81 0.00** A–D 19.29 0.00**

B–C 23.19 0.40 B–C 21.29 0.96

B–D 20.04 1.00 B–D 5.88 0.12

C–D 3.15 0.41 C–D 7.17 0.04*

Note:
**p,.01,
*p,.05.
doi:10.1371/journal.pone.0047202.t006

Figure 3. Mean number of cards selected in blocks during the
first stage in the iIGT. The learning curve for the first stage of the iIGT
clearly shows the differences between the four decks. Subjects
gradually increased their preference for deck iA over the other three
decks. However, final outcome ($ 250) or gain-loss frequency (5 gains, 5
losses) explained participant preference for deck iA. Conversely,
avoidance of good deck iB ($ 250) can only be explained by gain-loss
frequency (1 gain, 9 losses).
doi:10.1371/journal.pone.0047202.g003
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loss frequency. Restated, the imbalanced gain-loss frequency (with

net value calculation between bad deck A and good deck C in the

IGT (Table 3) as well as between good iA and bad deck iC

(Table 5)) is a serious confounding to make the two factors (gain-

loss frequency vs. final outcome) interpret the results congruently.

However, the PDB phenomenon in IGT and mirrored PDB

phenomenon in iIGT can only be explained with the gain-loss

frequency. Furthermore, few studies have demonstrated that the

frequency effect overrides the final outcome in the simple version

of iIGT. The second experiment confirmed previous findings based

on gain-loss frequency that decision makers have difficulty in

estimating the final outcome under uncertainty.

Gain-loss frequency vs. Final-outcome
Statistical results in the first experiment indicate that two factors

(final-outcome vs. gain-loss frequency) similarly influence choice

behavior. However, detailed statistical analysis of behavioral data

generally supports the perspective of gain-loss frequency. Specif-

ically, the first experiment which adopted the analysis method of

four-deck format did not fully replicate the original findings of

Bechara et al. (2000) [14]. Figures 1 and 2 indicate that most

subjects favor good deck iA not only over bad decks iC and iD, but

also over good deck iB. Additionally, good deck iB is insignificantly

preferred over bad decks iC and iD in the first experiment. The

mirrored PDB phenomenon is clearly observed here (Figures 1

and 2). However, the decision makers highly preferred deck iA in

iIGT, possibly due to the compound effect of gain-loss frequency

and final outcome.

If the final-outcome is a predictive factor, as suggested by the

Iowa group, good decks iA and iB should exert an equal amount of

influence on choice behavior under uncertainty [1]. We posit that

decision makers avoid selecting good deck iB, owing to its high-

frequency loss in the iIGT (Table 2). Frequent losses ($ 2100) of

deck iB kept subjects away from this deck on a trial and error basis.

Therefore, most subjects had difficulty hunching the good final-

outcome of deck iB. This postulation confirms that of previous

investigations, which suggest the PDB phenomenon in the original

IGT [27,48,43].

Additionally, in the iB-iB-iD-iD version of the iIGT, normal

decision makers chose high-frequency-loss decks iB (advantageous

final-outcome) and iD (disadvantageous final-outcome) with an

almost identical frequency (Figures 7 and 8). This study on the

sensitivity of frequent loss is not unique. In the iA-iA-iC-iC version

of the iIGT, subjects preferred the good deck iA rather than bad

deck iC (Figures 5 and 6). Although this observation can be

interpreted with a final outcome reasonably, gain-loss frequency is

not predictive.

Notably, if the gain-loss frequency is a dominant factor in the

original IGT, as suggested in other studies

[15,16,23,27,28,42,43,47,49,50,51]. In the first experiment, the

low-frequency loss decks iA and iC should be chosen more

frequently than high-frequency loss decks iB and iD in iIGT. In the

iA-iA-iC-iC version of the second experiment, deck iA should be

chosen nearly equal to deck iC due to the same gain-loss

frequency.

However, the result is also not entirely reproduced in terms of

gain-loss frequency (i.e. the low-frequency loss deck iC is not

chosen significantly nearly equal to deck iA) (Figures 1 and 2).

Restated, the low-frequency loss decks iA and iC should be chosen

to be nearly equal in the simple version of iIGT (iA-iA-iC-iC)

(Figure 7). Nevertheless, deck iC chosen less than deck iA may be

owing to the unbalanced gain-loss frequency (see Table 5, net

value of each trial: deck iA (5 gains, 5 losses) vs. deck iC (5
draws, 5 losses)). This phenomenon is also found in the original

IGT [27,43].

Chiu & Lin [27,43] demonstrated that the gain-loss frequencies

of good deck C (net value in each trial, 5 gains and 5 draws) and

bad deck A (net value in each trial, 5 gain and 5 losses) are

unbalanced in the original IGT (Table 3). That study also

provided a modified IGT to balance the gain-loss frequency

between decks A and C. Notably, the subjects were no longer

preferred over the good deck C [27,43].

Therefore, the preference of decision makers for good deck C

over bad deck A cannot simply be attributed to guidance related to

not only the final outcome, but also to gain-loss frequency.

Similarly, the preference of subjects for good deck iA (net value in

Figure 4. Mean number of cards selected in blocks during the
second stage of the iIGT. According to the learning curve for the
second stage, subject preference for these four decks remained steady.
The main effect of blocks was generally insignificant. Even in the second
stage, subjects did not fully infer the final benefit of deck iB.
doi:10.1371/journal.pone.0047202.g004

Table 7. Paired-t test for the comparable decks in five blocks
of first-stage iIGT.

Block t df P Block t df P

A1–C1 1.20 47 0.24 B1–D1 21.38 47 0.17

A2–C2 2.72 47 0.01* B2–D2 21.79 47 0.08

A3–C3 2.52 47 0.02* B3–D3 1.24 47 0.22

A4–C4 4.21 47 0.00** B4–D4 1.07 47 0.29

A5–C5 4.06 47 0.00** B5–D5 20.08 47 0.94

Note:
**p,.01,
*p,.05.
doi:10.1371/journal.pone.0047202.t007

Table 8. Paired-t test for the comparable decks in five blocks
of second-stage iIGT.

Block t df P Block t df P

A1–C1 2.32 47 0.03* B1–D1 1.66 47 0.10

A2–C2 1.80 47 0.08 B2–D2 1.06 47 0.30

A3–C3 3.44 47 0.00** B3–D3 2.19 47 0.03*

A4–C4 2.27 47 0.03* B4–D4 1.32 47 0.20

A5–C5 3.93 47 0.00** B5–D5 2.63 47 0.01*

Note:
**p,.01,
*p,.05.
doi:10.1371/journal.pone.0047202.t008
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each trial, 5 gains and 5 losses) over bad deck iC (net value in

each trial, 5 draws and 5 losses) in this study demonstrates the

effect of both the final outcome and gain-loss frequency (Table 5).

We recommend that a future study develop a modified iIGT with a

controlled deck iC (5 gains and 5 losses, real comparable with deck

iA) to illustrate the deck iC phenomenon in the iIGT.

Crone et al. [40,41,51] observed a similar phenomenon in their

serial studies with their modified iIGT (i.e. hungry donkey version).

Additionally, by using two-stage iIGT based on the gain-loss

structure of Bechara et al. (2000) [14], Fernie (2007) and Fum et al.

(2008) [28,42] demonstrated that most subjects avoid choosing the

good deck iB (deck E). Our observations for iIGT and the simple

versions of iIGT (i.e. the ‘‘mirrored PDB phenomenon’’) corre-

spond to the findings of Fernie (2007) and Fum et al. (2008)

[28,42].

Learning effect with block difference
Our results are mostly inconsistent with the suggestion of the

Iowa group that decision makers can approach good final-

outcome decks iA and iB during the first stage of iIGT [14]. In the

present iIGT and simple version iIGT experiments, the block

learning curve reveals few significant differences between each of

the two blocks. Namely, the preference for certain decks is

determined in the early blocks in the high-frequency loss of the

iIGT. Specifically, the learning effects (approach vs. avoidance) are

difficult to observe globally in both stages of both experiments

Figure 5. Mean deck preference and choice probability maps during the two stages in the simple (iA-iA-iC-iC) version of the iIGT. (5a)
In the simplified iIGT, decision-makers preferred deck iA over deck iC. However, good deck iA ($ 250) contains good final outcome and a better high-
frequency gain (5 gains, 5 losses) than bad deck iC ($ 2250; 5 draws, 5 losses). Therefore, the gain-loss frequency and final outcome can be used to
interpret the experimental result for the iA-iA-iC-iC version. Distinguishing the guiding principle for choice is difficult in this version. (5b) The warm
color represents high selection probability and the cold color represents low selection probability. The selection probability maps demonstrated that
most subjects preferred to choose good deck iA and avoided bad deck iC across both stages.
doi:10.1371/journal.pone.0047202.g005

Figure 6. Mean number of cards selected in blocks in the simple (iA-iA-iC-iC) version of the iIGT during the two stages. The iA-iA-iC-iC
version clearly indicates that subjects increasingly chose deck iA and avoided deck iC in both stages of the game. This experimental result coincides
with the prediction of final outcome, because deck iA has a positive final outcome ($ 250) and deck iC has a negative final outcome ($ 2250).
However, gain-loss frequency can also explain this experimental result. According to Chiu and Lin (2007) [43], deck iC actually had 5 draws and 5
losses, and was not balanced with deck iA (5 gains, 5 losses) with the calculation within each trial. Thus, subject learning tendency between stages in
the iA-iA-iC-iC version can be forecast using the gain-loss frequency and final-outcome.
doi:10.1371/journal.pone.0047202.g006
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(Figures 3, 4, 6, and 8). Some studies have suggested that the

decision learning model under uncertainty is largely based on the

gain-loss frequency rather than the expected value [6,29,51].

Alternatively, some research groups directly manipulated the

value of final-outcome in the IGT, illustrating that subjects’ choice

patterns are less influenced by the change in final outcome [28,53].

Above observations also suggested that even normal subjects are

significantly influenced by frequent gain-loss and magnitude under

uncertainty [28,42,49,50,54]. Also, Crone et al. (2004) and Stocco

et al. (2009) [24,50] emphasized that frequent loss is the key

component guiding the choice behavior, although they used the

modified IGTs. In sum, under high-frequency gain or loss

situations, subject learning regarding final outcome is difficult to

identify [47]. Therefore, the unstable learning effect of the iIGT

and non-significant learning effect of the simple iIGT, particularly

the iB-iB-iD-iD version, imply that the affective system is largely

directed by the immediate perspective rather than long-term

reasoning under uncertainty [29,52].

Learning effect with stage difference
According to the above paragraph on the learning effect on

blocks, the learning effect in decks iB and iD can also be observed

between stages (Figures 3 and 4). Therefore, inconsistencies arise

between this study and the iIGT study of Bechara et al. (2000) [14]

(learning effect was observed in first stage). Notably, if this study is

illustrative of gain-loss frequency, interpreting the original findings

of the iIGT is complex [14]. By using a series of over 100 trials, an

increasing number of studies [23,27,29,39,51,52,55,56] have

monitored the learning effect of the IGT. Remarkably, a growing

number of studies have difficulty in observing learning tendencies

in standard administration (100 trials).

Figure 7. Mean deck preference during both stages in the simple (iB-iB-iD-iD) version of the iIGT. (7a) Empirical data indicates that good
deck iB ($ 250) and bad deck iD ($ 2250) were chosen a roughly equal number of times. The experimental result for the iB-iB-iD-iD version replicated
the findings for the iIGT; that is, subjects had difficulty inferring the final-outcome during the two stages. Based on the primary assumption of IGT, the
simple version of iIGT should enable subjects to easily register somatic markers for a specific target (deck). Conversely, even during the second stage,
subjects were most influenced by high-frequency losses and less by final outcome of decks iB and iD. (7b) Warm color represents high probability of
selection and cold color represents low probability of selection. In both stages, subjects chose bad decks iD nearly as often as good decks iB. Notably,
the selection probability maps demonstrated that the red and yellow color lines (trials) were mostly located on deck iD in the first stage and shifted to
deck iB during the second stage.
doi:10.1371/journal.pone.0047202.g007

Figure 8. Mean number of cards selected in blocks in the simple version (iB-iB-iD-iD) of the iIGT during the two stages. According to
the learning curve for the iB-iB-iD-iD version, subjects should generally prefer good deck iB; however in this simplified version of iIGT, the learning
effect of blocks in each deck was generally non-significant. Furthermore, crossover occurred during the latter phase of the first stage. Even the two
learning lines of decks iB and iD did not significantly bifurcate during the second stage. Notably, stages 1 and 2 differed significantly.
doi:10.1371/journal.pone.0047202.g008
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Alternatively, both the simple versions of the iIGT reveal stage

differences. The subjects appear to gradually approach good final-

outcome decks, especially during the second stage (Figures 6 and

8). The extended trial number and relatively simple context may

be useful for observing the learning effect in terms of final outcome

[57,58]. Namely, the decreased uncertainty should make it easier

for normal subjects to hunch the final outcome when using the

simple version of the iIGT. However, the present simple versions

did not display this consequence in the first stage. However, the

two-stage administration (100 trials, 100 trials) provides subjects

with a double opportunity to gain further insight into the final

outcome. Unfortunately, according to our results, the learning

effect is less robust than that suggested by the Iowa group [1,4,14].

This study raises two issues related to IGT research [4]. The

degree of uncertainty may be an important factor that is negatively

correlated with hunching state accessibility in these uncertain

gambles. Some studies have discussed the effect of modulating the

degree of uncertainty on choice behavior in dynamic gambling

[51,57,58,59,60,61]. This degree of uncertainty may be a

significant variable in differentiating between decision systems

driven by emotion and those driven by logic [62]. The trial

number may be another critical aspect when assessing subject

performance. Additionally, extended trial number is important in

illustrating the subject performance of the iIGT. However, the

clinical version of the IGT has been used as a clinical assessment

method [63], and still possesses the standard trial number of only

100 trials. The number of trials, 100, was roughly defined at the

beginning of the IGT study [1,4]. Nevertheless, according to an

increasing number of IGT related studies, 100 trials is insufficient

to replicate the original findings of the Iowa group

[23,27,29,39,51,52,55,56].

Correlation between monetary value and choice
probability

By using correlation analysis, this study examined how

monetary value and the probability of consecutive choice are

related. Results of our two experiments indicated that subjects

largely disregarded monetary value when facing uncertainty

(Figures S1 and S2). The coefficient of determination (R-square)

in each deck confirmed that the monetary value was unnoticed or

quickly forgotten by subjects following the next trial. This

phenomenon implies that when subjects were situated in uncertain

circumstances, their choice behavior was dominated by the gain-

loss sign (+/2); in addition, they disregarded the value variation in

each deck. Therefore, the large gains in certain decks did not cause

subjects to increase their preferences for those decks in the

following trial. Moreover, frequent losses caused subjects to avoid

these decks.

General Discussion
This study has demonstrated that the deck (iB) with frequent

losses (punishments) can help subjects avoid having to make

repetitive choices regarding the same deck. Accordingly, under

uncertainty, decision makers cannot suffer too many losses (i.e.

punishments) in a certain deck while attempting to understand the

final benefits (rewards).

If the study of Bechara et al. (2000) [14] was predictive, the

normal decision makers would be sensitive to future consequences.

Normal decision makers should subsequently choose the advan-

tageous decks(iA and iB)in both versions of iIGT in this study.

However, the normal subjects obviously chose the advantageous

decks iA, yet avoided the advantageous iB in both stages. Notably,

our results demonstrated that frequent small punishments override

infrequently large rewards in the iIGT.

However, many behavioral-analysis studies have demonstrated

that choice patterns in the concurrent reinforcement experiment

mainly follow the frequency, magnitude and ratio of reward for

each choice [64,65,66,67,68,69,70]. Therefore, these behavioral

studies largely support the findings of this study regarding selection

under uncertainty.

If the experimental findings from this study are applied, normal

decision makers lack the ability to integrate their somatic markers

across (uncertain inter-stimulus-interval) trials for specific decks

and then hunch the final outcome. Restated, if the SMH holds, an

‘‘efficient and precise’’ internal bank is established to assist in

decision makers’ survival in social environments. However, life

seldom meets expectations, especially when facing uncertainty

[71,72]. Conversely, an immediate response to quick and

uncertain events may be easy for humans to survive to the next

moment. According to many biologists, many social animals (e.g.,

bat or chimps) use a popular strategy (i.e. ‘‘tit for tat’’) to cope with

complex and uncertain social situations. Correspondingly, this

strategy benefits the ‘‘species’’ in the long run [71,72,73], yet does

not do so for the ‘‘individual’’, unlike the SMH. Some studies on

altruistic punishment in neuroeconomics also confer with this

perspective [74,75,76,77]. Therefore, causing an organism to

suffer frequent small losses (punishments) in order to achieve an

unexpected large long-term gain (reward) under uncertainty is

extremely difficult.

Conclusions
Bechara et al. [1] developed the IGT to verify the critical role of

VMPFC in decision making under uncertainty. Moreover, based

on the iIGT, Bechara et al. identified the basic assumption of SMH.

However, growing evidence of the PDB phenomenon

[15,16,17,18,19,20,21,23,24,25,26,30] has challenged the corner-

stone of the IGT. The ‘‘gain-loss frequency’’ easily explains the

PDB phenomenon in the IGT. Nevertheless, the inverted PDB

phenomenon in the iIGT has seldom been verified in the literature.

This study thus illustrates the mirrored PDB phenomenon by

undertaking two double-stage experiments using the iIGT and then

applying its simplified version. Empirical results indicate that

subjects avoided advantageous deck iB in the iIGT and the simple

version of the iIGT. The mirrored PDB phenomenon demon-

strates that high-frequency loss prevents decision makers from

choosing the good final-outcome deck iB. Consequently, decision

makers are more significantly influenced by gain-loss frequency

than by final outcome under uncertainty. ‘‘No pain no gain’’ may

be an optimized rule for certain circumstances in the long-term

dynamic game. Conversely, frequent loss (pain) is intolerable for

most individuals and makes long-term gain invisible and

inaccessible under uncertainty. The gain-loss frequency may be

a critical index of clinical diagnosis for affective disorders [6,32].

Supporting Information

Figure S1 The correlation between monetary value and
selection probability of consecutive trials in each deck.
Furthermore, this study conducted a choice-probability analysis

after subjects received monetary feedback in each deck. Conse-

quently, the examination revealed that subjects displayed neither

increased probability of remaining at the same deck after receiving

big gains (e.g. $ +1150, $+250, $+200…) nor decreased probability

of choosing the same deck after experiencing losses (e.g. $ 2200,

$2100, $250…). The regression analysis indicated that monetary

value is not a determinant of choice probability (Deck iA:

R2 = .0004; Deck iB: R2 = .0273; Deck iC: R2 = .0042; Deck iD:

R2 = .0010). Correlation analysis revealed no significant correla-
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tion between the gain-loss value and the selection probability of

consecutive trials in each deck. Namely, subject choice behavior

was lightly influenced by the intensity of gain-loss value. For

example, the big gain ($ 250) of deck iA did not increase the

consecutive choice probability than that of small gain ($50, $100,

$150, $200) and the loss ($ 2100).

(TIF)

Figure S2 The correlation between monetary value and
choosing probability of consecutive trials in the iA-iA-iC-
iC and iB-iB-iD-iD versions. Even in the relative simple

context, subject choice behavior did not depend on feedback

regarding monetary value. Namely, big gains ($ 250, $ 200) rather

than small gains ($ 50) or losses ($ 2100) of deck iA did not

increase the probability of subjects choosing the same deck.

Additionally, the other three decks had similar R-square values

close to zero (Deck iA: R2 = .0011; iC: R2 = .0042) (Deck iB:

R2 = .0181; Deck iD: R2 = .0000). The gain-loss value and

selection probability of consecutive trials in each deck are not

significantly correlated. The slopes of the regression lines of each

deck are all close to zero, demonstrating monetary value was less

of an influence on the subsequent trial selection. Specifically,

subjects choose to remain at the same decks or shift to other decks

for reasons unrelated to the monetary value feedback from the last

trial. Compared to the low-monetary gain, high-monetary gain did

not increase the probability of subjects staying at the same deck.

Similarly, compared with the low-monetary loss, high-monetary

loss did not increase the probability of subjects avoiding the same

deck.

(TIF)

Acknowledgments

Special thanks are extended to Jing-Long Tsai and Jia-Hui Lin for their

help in data collection and processing. Dr. Po-Lei Lee is also thanked for

his help in computerizing IGT. Additionally, thanks are extended to all

study participants from Soochow University. Finally, Mr. Ted Knoy is

appreciated for his editorial assistance. We-Kang Lee and Zong-Kai Hsu

are appreciated for their great help on final proofreading and format

refinement. Parts of the concept and material were previously presented in

poster session at the 2007 Annual Conference of Neuroeconomics

(Nantasket Beach, Hull, Massachusetts).

Author Contributions

Conceived and designed the experiments: Made contributions to the ideas,

design, and data interpretation: CH YC. Studied the interpretation of

Bechara et al.(2000): TJ. Furthermore, Programmed the computer version

of iIGT: YK. Provided choice probability analysis: YK. Provided some

detail discussion: YK. Performed the experiments: CH YC YK. Analyzed

the data: CH YK. Contributed reagents/materials/analysis tools: YK.

Wrote the paper: CH YC TJ YK. We have stated this part in

acknowledgement.

References

1. Bechara, Damasio A, Damasio H, Anderson S (1994) Insensitivity to future

consequences following damage to human prefrontal cortex. Cognition 50: 7–

15.

2. Damasio H, Graboeski T, Frank R, Galaburda A, Damasio A (1994) The return
of Phineas Gage: Clues about the brain from the skull of a famous patient.

Science 264: 1102–1105.

3. Damasio A (1994) Descartes’ error: emotion, reason, and the human brain. New

York: G. P. Putnam’s Sons. 205–222 p.

4. Bechara A, Damasio H, Tranel D, Damasio AR (1997) Deciding advantageously

before knowing the advantageous strategy. Science 275: 1293–1295.

5. Damasio A, Tranel D, Damasio H (1996) The somatic marker hypothesis and
the possible functions of the prefrontal cortex. Phil Trans R Soc Lond B 351:

1413–1420.

6. Upton DJ, Kerestes R, Stout JC (2012) Comparing the iowa and soochow

gambling tasks in opiate users. Front Neurosci 6: 34.

7. Dunn BD, Dalgleish T, Lawrence AD (2006) The somatic marker hypothesis: A

critical evaluation. Neurosci Biobehav Rev 30: 239–271.

8. Bechara A, Damasio A (2005) The somatic marker hypothesis: a neural theory of
economic decision. Games Econ Behav 52: 336–372.

9. Bechara A, Damasio H, Damasio AR, Lee GP (1999) Different contributions of
the human amygdala and ventromedial prefrontal cortex to decision-making.

J Neurosci 19: 5473–5481.

10. Bechara A, Damasio H, Tranel D, Anderson SW (1998) Dissociation Of

working memory from decision making within the human prefrontal cortex.
J Neurosci 18: 428–437.

11. Bechara A, Dolan S, Denburg N, Hindes A, Anderson SW, et al. (2001)

Decision-making deficits, linked to a dysfunctional ventromedial prefrontal

cortex, revealed in alcohol and stimulant abusers. Neuropsychologia 39: 376–
389.

12. Bechara A, Damasio H (2002) Decision-making and addition (part I): impaire

activation of somatic states in substance dependent individuals when pondering

decisions with negative future consequences. Neuropsychologia 40: 1675–1689.

13. Bechara A, Dolan S, Hindes A (2002) Decision-making and addition (part II):
Myopia for the future or hypersitive to reward. Neuropsychologia 40: 1690–

1705.

14. Bechara A, Tranel D, Damasio H, Damasio AR (2000) Characterization of the

decision-making deficit of patients with ventromedial prefrontal cortex lesions.
Brain 123: 2189–2202.

15. Overman WH, Frassrand K, Ansel S, Trawalter S, Bies B, et al. (2004)
Performance on the IOWA card task by adolescents and adults. Neuropsycho-

logia 42: 1838–1851.

16. Wilder KE, Weinberger DR, Goldberg TE (1998) Operant conditioning and the

orbitofrontal cortex in schizophrenic patients: unexpected evidence for intact
functioning. Schizophr Res 30: 169–174.

17. Toplak ME, Jain U, Tannock R (2005) Executive and motivational processes in

adolescents with Attention-Deficit-Hyperactivity Disorder (ADHD). Behav Brain

Funct 1: 8.

18. Rodriguez-Sanchez JM, Crespo-Facorro B, Perez-Iglesias R, Gonzalez-Blanch

C, Alvarez-Jimenez M, et al. (2005) Prefrontal cognitive functions in stabilized

first-episode patients with schizophrenia spectrum disorders: a dissociation

between dorsolateral and orbitofrontal functioning. Schizophr Res 77: 279–288.

19. Ritter LM, Meador-Woodruff JH, Dalack GW (2004) Neurocognitive measures

of prefrontal cortical dysfunction in schizophrenia. Schizophr Res 68: 65–73.

20. O’Carroll RE, Papps BP (2003) Decision making in humans: the effect of

manipulating the central noradrenergic system. J Neurol Neurosurg Psychiatry

74: 376–378.

21. Martino DJ, Bucay D, Butman JT, Allegri RF (2007) Neuropsychological frontal

impairments and negative symptoms in schizophrenia. Psychiatry Res, 152:

121–128.

22. MacPherson SE, Phillips LH, Della Sala S (2002) Age, executive function, and

social decision making: a dorsolateral prefrontal theory of cognitive aging.

Psychol Aging 17: 598–609.

23. Fernie G, Tunney RJ (2006) Some decks are better than others: the effect of

reinforcer type and task instructions on learning in the Iowa Gambling Task.

Brain Cogn 60: 94–102.

24. Crone EA, Somsen RJM, van Beek B, van Der Molen MW (2004) Heart rate

and skin conductance analysis of antecendents and consequences of decision

making. Psychophysiology 41: 531–540.

25. Bark R, Dieckmann S, Bogerts B, Northoff G (2005) Deficit in decision making

in catatonic schizophrenia: an exploratory study. Psychiatry Res 134: 131–141.

26. Caroselli JS, Hiscock M, Scheibel RS, Ingram F (2006) The simulated gambling

paradigm applied to young adults: an examination of university students’

performance. Appl Neuropsychol 13: 203–212.

27. Lin CH, Chiu YC, Lee PL, Hsieh JC (2007) Is deck B a disadvantageous deck in

the Iowa Gambling Task? Behavioral and Brain Functions 3:16.

28. Fum D, Napoli A, Stocco A (2008) Somatic Markers and Frequency Effects:

Does Emotion Really Play a Role on Decision Making in the Iowa Gambling

Task? In: V. Sloutsky BLKM, editor.

29. Chiu YC, Lin CH, Huang JT, Lin S, Lee PL, et al. (2008) Immediate gain is

long-term loss: Are there foresighted decision makers in the Iowa Gambling

Task? Behavioral and Brain Functions 4: 13.

30. Sevy S, Burdick KE, Visweswaraiah H, Abdelmessih S, Lukin M, et al. (2007)

Iowa gambling task in schizophrenia: a review and new data in patients with

schizophrenia and co-occurring cannabis use disorders. Schizophr Res 92: 74–

84.

31. Johnson CA, Xiao L, Palmer P, Sun P, Wang Q, et al. (2008) Affective decision-

making deficits, linked to a dysfunctional ventromedial prefrontal cortex,

revealed in 10th grade Chinese adolescent binge drinkers. Neuropsychologia 46:

714–726.

32. Horstmann A, Villringer A, Neumann J (2012) Iowa Gambling Task: There is

more to consider than long-term outcome - Using a linear equation model to

disentangle the impact of outcome and frequency of gains and losses. Frontiers in

Neuroscience 6: 61.

Mirrored Prominent Deck B Phenomenon

PLOS ONE | www.plosone.org 11 October 2012 | Volume 7 | Issue 10 | e47202



33. Davis C, Fox J, Patte K, Curtis C, Strimas R, et al. (2008) Education level

moderates learning on two versions of the Iowa Gambling Task. J Int
Neuropsychol Soc 14: 1063–1068.

34. Desmeules RM, Bechara A, Dube1 L (2008) Subjective Valuation and

Asymmetrical Motivational Systems: Implications of Scope Insensitivity for
Decision Making. Journal of Behavioral Decision Making 21: 211–224.

35. Dretsch MN, Tipples J (2008) Working memory involved in predicting future
outcomes based on past experiences. Brain Cogn 66: 83–90.

36. Kim YT, Lee SJ, Kim SH (2006) Effects of the history of conduct disorder on the

Iowa Gambling Tasks. Alcohol Clin Exp Res 30: 466–472.
37. Must A, Szabo Z, Bodi N, Szasz A, Janka Z, et al. (2006) Sensitivity to reward

and punishment and the prefrontal cortex in major depression. J Affect Disord
90: 209–215.

38. Windmann S, Kirsch P, Mier D, Stark R, Walter B, et al. (2006) On framing
effects in decision making: linking lateral versus medial orbitofrontal cortex

activation to choice outcome processing. J Cogn Neurosci 18: 1198–1211.

39. Crone EA, Vendel I, Molen MWvd (2003) Decision-making in disinhibited
adolescents and adults: insensitivity to future consequences or driven by

immediate reward? Personality and Individual Differences 34: 1–17.
40. Geurts HM, van der Oord S, Crone EA (2006) Hot and cool aspects of cognitive

control in children with ADHD: decision-making and inhibition. J Abnorm

Child Psychol 34: 813–824.
41. Huizenga HM, Crone EA, Jansen BJ (2007) Decision-making in healthy

children, adolescents and adults explained by the use of increasingly complex
proportional reasoning rules. Dev Sci 10: 814–825.

42. Fernie G (2007) Factors affecting learning and decision-making in the Iowa
gambling task: University of Nottingham. 310 p.

43. Chiu YC, Lin CH (2007) Is deck C an advantageous deck in the Iowa gambling

task? Behavioral and Brain Functions 3: 37.
44. Franken IHA, Irina Georgieva, Muris P (2006) The rich get richer and the poor

get poorer: On risk aversion in behavioral decision-making. Judgment and
Decision Making 1: 153–158.

45. Maia T, McClelland J (2004) A reexamination of the evidence for the somatic

marker hypothesis: what participants really know in the Iowa gambling task.
Proc Natl Acad Sci U S A 101: 16075–16080.

46. Wagar BM, Dixon M (2006) Affective guidance in the Iowa gambling task. Cogn
Affect Behav Neurosci 6: 277–290.

47. Lin CH, Chiu YC, Huang JT (2009) Gain-loss frequency and final outcome in
the Soochow Gambling Task: A Reassessment. Behav Brain Funct 5: 45.

48. Takano Y, Takahashi N, Tanaka D, Hironaka N (2010) Big Losses Lead to

Irrational Decision-Making in Gambling Situations: Relationship between
Deliberation and Impulsivity. PLoS ONE 5: e9368.

49. Napoli A, Fum D (2010) Rewards and Punishments in Iterated Decision
Making: An Explanation for the Frequency of the Contingent Event Effect. 10th

International Conference on Cognitive Modeling. Philadelphia, PA.

50. Stocco A, Fum D, Napoli A (2009) Dissociable processes underlying decisions in
the Iowa Gambling Task: a new integrative framework. Behavioral and Brain

Functions 5: 1.
51. Crone EA, Bunge SA, Latenstein H, van der Molen MW (2005) Character-

ization of children’s decision making: sensitivity to punishment frequency, not
task complexity. Neuropsychol Dev Cogn C Child Neuropsychol 11: 245–263.

52. Ahn WY, Busemeyer JR, Wagenmakers E-J, Stout JC (2008) Comparison of

decision learning models using the generalization criterion method. Cognitive
Science 32: 1376–1402.

53. Lin CH, Chiu YC, Lee PL, Hsieh JC (2004) The preferences of decision-making

in IOWA Gambling Task: The testing of frequency effect and long-term
outcomes in Somatic Marker Hypothesis. Münster, Germany.

54. Stocco A, Fum D (2008) Implicit emotional biases in decision making: the case of

the Iowa Gambling Task. Brain Cogn 66: 253–259.
55. Crone EA, van der Molen MW (2004) Developmental changes in real life

decision making: performance on a gambling task previously shown to depend
on the ventromedial prefrontal cortex. Dev Neuropsychol 25: 251–279.

56. Turnbull OH, Evans CE (2006) Preserved complex emotion-based learning in

amnesia. Neuropsychologia 44: 300–306.
57. Chiu YC, Lin CH, Lin S, Huang JT. (2006) Reexamining the Effect of Long-

term Outcome and Gain-loss Frequency: From Uncertainty to Certainty. Park
City, Utah.

58. Lin CH, Chiu YC, Cheng CM, Yeh TC (2008) Brain Maps of Iowa Gambling
Task: From Uncertainty to Certainty. 6th Annual Meeting of Society for

Neuroeconomics. Park City, Utah, , U.S.A.

59. Lin CH, Lin YK, Song TJ, Chiu YC (2011) Temporal framing under
uncertainty: degree of uncertainty correlates with myopic choice in the Soochow

Gambling Task. Annual Conference on Neuroeconomics. Evanston, Illinois:
Society for Neuroeconomics.

60. Heilman RM, Crisan LG, Houser D, Miclea M, Miu AC (2010) Emotion

regulation and decision making under risk and uncertainty. Emotion 10: 257–
265.

61. Hsu M, Bhatt M, Adolphs R, Tranel D, Camerer CF (2005) Neural systems
responding to degrees of uncertainty in human decision-making. Science 310:

1680–1683.
62. Patterson JC 2nd, Ungerleider LG, Bandettini PA (2002) Task-independent

functional brain activity correlation with skin conductance changes: an fMRI

study. Neuroimage 17: 1797–1806.
63. Bechara A (2007) Iowa gambling task professional manual. In: Raton B, editor:

FL: Psychological Assessment Resources, Inc.
64. Ferster CB, Skinner BF (1957) Schedules of reinforcement. MA: Prentice-Hall,

Inc.

65. Domjan M (2002) The priciples of learning and behavior. Belmont, CA:
Wadsworth/Thompson.

66. Skinner BF (1938) The behavior of organisms: An experimental analysis.
67. Catania AC, Sagvolden T (1980) Preference for free choice over forced choice in

pigeons. J Exp Anal Behav 34: 77–86.
68. Schwartz B, Wasserman EA, Robbins SJ (2002) Psychology of learning and

Behavior. New York: W. W. Norton & Company.

69. Rachlin H (1991) Introduction to modern behaviorism. New York: W. H.
Freeman and Company.

70. Herrnstein RJ (1974) Formal properties of the matching law. J Exp Anal Behav
21: 159–164.

71. Dawkins R (1987) The blind watchmaker. New York: Norton.

72. Dawkins R (1976) The selfish gene New York: Oxford University Press.
73. Ridley M (1996) The origins of virtue. New York: Penguin Books.

74. de Quervain DJ, Fischbacher U, Treyer V, Schellhammer M, Schnyder U, et al.
(2004) The neural basis of altruistic punishment. Science 305: 1254–1258.

75. Knutson B (2004) Behavior. Sweet revenge? Science 305: 1246–1247.
76. Fehr E, Rockenbach B (2004) Human altruism: economic, neural, and

evolutionary perspectives. Curr Opin Neurobiol 14: 784–790.

77. Fehr E, Fischbacher U (2003) The nature of human altruism. Nature 425: 785–
791.

Mirrored Prominent Deck B Phenomenon

PLOS ONE | www.plosone.org 12 October 2012 | Volume 7 | Issue 10 | e47202


