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ABSTRACT 

This study employed event-related functional Magnetic Resonance Imaging (fMRI) 

to measure the brain activation while performing the Iowa Gambling Task (IGT). 

The purpose was to explore the brain mechanism underlying decision-making 

process in ambiguous conditions, and has implications for impulsive behavior 

assessment and intervention. 

The IGT simulates decision-making process under uncertain conditions. The 

neural process underlying the IGT was explained by the Somatic Marker Hypothesis 

(SMH), which described how the somatic signals generated from the body were 

represented and regulated in the brain, and how they then influenced the decision-

making process. According to the hypothesis, a neural circuitry involving emotion, 

memory and behavioral system was engaged. This neural circuitry was generally 

supported by lesion studies and neuroimaging studies.   

With event-related fMRI, it is possible to indentify distinct underlying neural 

substrates of the temporally separated task components involved in the IGT task. 

However, existing fMRI studies employing the IGT task are still relatively scarce 

and provide inconsistency results, partly due to the complexity of the task and the 

different control tasks employed by the studies. Furthermore, most fMRI studies 

only concerned the main contrast between risky and safe decks of cards but ignored 

the effect of another factor in the task design, the punishment frequency associated 

with the decks of cards, which may influenced subjects’ preference on decks of 

cards. 

This study explored the brain activation using fMRI during the performance 
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of the original design of the IGT with 2 by 2 factorial design, and aimed to uncover: 

1) the brain activation related to the long-term outcome effect, i.e. the risky versus 

safe contrast; 2) whether this contrast would be influenced by the factor of 

punishment frequency; and 3) the brain activation related to the learning process in 

IGT. 

The behavioral results showed that the subjects could gradually learn to 

choose more from the safe decks of cards and avoid the risky decks of cards during 

the task, and that they were more sensitive to the risky versus safe contrast under the 

condition with a higher punishment frequency. The neuroimaging results 

demonstrated that choices from the risky decks produced higher activation in 

anterior cingulate cortex (ACC), and this contrast was dominated by the one in 

decks of cards with a higher punishment frequency. The learning process was 

assessed by comparing brain activation during choices in the first half trials with 

those in the second half trials, which detected higher activation in insula, amygdala 

and hippocampus regions during the earlier phase of the task. 

The results generally reflected the SMH framework: behavioral performance 

was related to the cortical region for the somatic states to influence the selection 

behaviors; and the time effect was reflected in the brain regions crucial to the 

generation and the cortical representation of the somatic state. 
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CHAPTER 1 INTRODUCTION 

This chapter provides an overview of the present research study on the brain 

mechanisms underlying the Iowa Gambling Task (IGT). It begins by outlining the 

statement of purpose, followed by the background and justification of the study, and 

ends with the organization of the thesis. 

Statement of Purpose 

This study aims to investigate the mental processes related to decision-making 

involved in IGT in healthy adults. IGT is a sensitive test designed to detect and 

measure decision-making impairments in spite of intact general intellect and 

problem-solving abilities. This study employed event-related functional Magnetic 

Resonance Imaging (fMRI) to measure the physiological response of the brain 

whilst performing IGT. The purpose was to discover the brain mechanism 

underlying decision-making in ambiguous conditions, and have implications for 

impulsive behavior assessment and intervention.  Normal young male adults were 

recruited as subjects for the study. All subjects played the clinical version of the 

IGT. Blood oxygen level dependent (BOLD) responses were used to capture the 

brain activation during the decision-making processes. The brain responses were 

compared between conditions when subjects intended to make different kinds of 

choices. 
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Background and Justification 

IGT is an experimental neuropsychological task which simulates personal real-life 

decision-making. It factors uncertainty, reward and punishment and it was designed 

to detect and measure impairments in real-life decision-making in spite of intact 

general intellect and problem-solving abilities (Bechara et al. 1994). 

In the task, subjects have to choose between risky decks of cards that yield high 

immediate gain but a larger further loss, and safe decks that yield lower immediate 

gain but a smaller future loss. Normal subjects could gradually learn to sacrifice 

immediate reward for future benefit to maximize the overall gain. However, 

neurological patients with lesions in prefrontal cortex and diverse psychiatric groups 

showed deficits in performing the task (Bechara et al. 1994, 1999, 2000). 

The neural process involved in decision-making process under the situations of 

complexity and uncertainty, like the IGT task, was explained by the Somatic Maker 

Hypothesis (SMH) proposed by Damasio et al (1994), which described how the 

‘somatic marker’ signals generated from the body were represented and regulated in 

the cortex to bias the decision-making process. According to SMH, the IGT task 

involved a cortical framework including the ventromedial prefrontal cortex 

(vmPFC), amygdala, insular cortex (IN), somatosensory cortex and brainstem nuclei, 

striatum, anterior cingulate cortex (ACC) and the dorsolateral prefrontal cortex 

(dlPFC) (Bechara & Damasio, 2005). This hypothesized framework has been partly 

supported by lesion studies and neuroimaging studies. 
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With the event-related function magnetic resonance imaging technology, it is 

possible to study the cognitive processes involved in IGT and to clarify the 

contribution of different cortical regions. However, fMRI studies employed the IGT 

are still relatively scarce and revealed inconsistent results, partly due to the complex 

cognitive processes involved in the task (Li et al. 2010). In addition, current fMRI 

studies only focused on the main contrast between risky and safe decks but ignored 

the effect of another factor in the task design, the punishment frequency associated 

with the decks, which also influenced subjects’ preferences for the decks 

(Horstmann, Villringer & Neumann 2013). 

This study used the original design of the IGT with a 2 by 2 factorial design in 

event-related fMRI study to measure the physiological response during the task, to 

explore: 1) the brain activation related to the long-term outcome effect, i.e.: the 

risky versus safe contrast; 2) whether this contrast would be influence by the factor 

of punishment frequency and 3) the brain activation related to the learning process 

in IGT. 

Organization of Chapters 

The thesis consists of five chapters. Chapter 1 is the present introduction chapter. 

Chapter 2 is a literature review of the IGT task and the underlying neural 

mechanism. The research questions and the hypothesis of the current study will be 

proposed at the end of this chapter. Chapter 3 describes the design of the fMRI 

experiment task, data collection procedure and data analysis approaches. Chapter 4 

presents the findings of the study, including behavioral and fMRI results. Chapter 5 
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discusses the findings and the implications of the current findings for the knowledge 

of the neural mechanism underlying the IGT. 

 

  



 

5 
 

CHAPTER 2 LITERATURE REVIEW 

Introduction 

This chapter provides an overview on the Iowa Gambling Task (IGT) and its 

underlying neural mechanism. Firstly the original design of IGT and the behavioural 

findings are introduced. Then studies on the neurobiological basis of the IGT are 

reviewed. 

Task Design 

Bechara et al (Bechara et al. 1994) firstly proposed the IGT paradigm to detect and 

measure the defects on decision-making in patients with damage to the ventromedial 

prefrontal cortex (vmPFC), in spite of intact general intellect and problem-solving 

abilities.  This task simulates the uncertainty, reward and punishment in real-life 

decision-making. In the task, participants need to learn to sacrifice short-term profit 

in favor of long-term benefit. 

The task requires subjects to choose a card from one of the four decks, which is 

labeled as deck A, B, C, and D, for 100 trials. Each card selection is associated with 

either a financial reward or a punishment. The schedules of these rewards and 

punishments have been pre-programmed and unknown to the subjects. 

The payoff structure in each deck is shown in Table 2-1. Overall, the choices 

from deck A and B are risky, and the choices from deck C and D are safe when 

considering the long-term outcomes of the choices. Selections from deck A and B 
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bring high immediate rewards and even higher levels of delayed punishments, 

leading to a net loss of $250 per 10 trials; whereas selections from deck C and D 

offer low immediate reward but lower levels of punishment, leading to a net gain of 

$250 per 10 trials. 

The four decks also differ in the relative number of gains to losses (subsequently 

termed ‘punishment frequency’), which is high for deck A and C and low for deck B 

and D. But there is no difference in profit when choosing decks with high or low 

punishment frequency. The 2 by 2 design in the payoff structure is summarized in 

Table 2-2. 

 

 

Table 2-1: The payoff structure in the original version of IGT.  The immediate reward is 

high in deck A and B ($100) and low in deck C and D ($50). The delayed punishment is 

higher in deck A and B and lower in deck C and D. And the punishment appears in 50% 

trials of deck A and C but only 10% trials of deck B and D. The overall profit is a loss of 

&250 in deck A and B, but a win of $250 in deck C and D 

  

Deck Reward Punishment
Net Profit             

per 10 trials

A
Win $100        

(100% trials)  

Lose $150 to $350 

(50% trials)
-250

B
Win $100        

(100% trials)  

Lose $1250       

(10% trials) 
-250

C
Win $50          

(100% trials)  

Lose $25 to $75 

(50% trials) 
250

D
Win $50           

(100% trials)  

Lose $250        

(10% trials) 
250
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Table 2-2: The 2 by 2 design of the payoff structure in the four decks of cards. The payoff 

structures in each deck are determined by a combination of two factors: long-term outcome 

and punishment frequency. 

The only successful strategy in the IGT is to select more cards from the safe 

decks (decks C and D) and avoid selecting cards from the risky decks (decks A and 

B). Thus, since the first study on the IGT (Bechara et al. 1994), the task 

performance in IGT is assessed by the number of cards picked from the safe decks 

minus the number of cards picked from the risky decks in a block of every 20 trials. 

It has been widely demonstrated that normal subjects could learn over time to 

choose more cards from the safe decks and less from the risky decks so they showed 

a learning effect when performing the task (Bechara et al. 1994, Bechara et al. 

1996). Meanwhile, patients with normal intellectual but decision-making deficits in 

real life showed poor performance during the whole course of the task (Bechara et al. 
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1994, Bechara et al. 1999, Bechara et al. 1997), which proved that patients’ deficits 

in performance were due to insensitivity to future consequences other than 

insensitivity to reward or punishment, since their performance didn't improve in 

spite of increasing adverse future consequences. 

At the beginning, the four decks of cards were presented manually. Later, 

Bechara et al (2000)  developed a computerized version of the original task in which 

the decks were displayed on the computer screen and the inter-trial interval (ITI) 

between two consecutive card selections could be fixed by the experimenter, so that 

it allowed more convenient collections of behavioral and physiological data during 

the task. Compared with the manual version, there was a progressive change in the 

frequency or magnitude of punishment relative to reward. As a result, the negative 

consequences in the risky decks and positive consequences in the safe decks were 

both amplified, while the two factors payoff structure was kept. 

The computerized version has been widely used in clinical studies and academic 

studies to test decision-making ability under initially uncertain conditions. Poor task 

performances have been demonstrated in various psychopathological groups, such 

as patients with anorexia nervosa (Cavedini et al. 2004) or obesity (Davis et al. 

2004), psychopathic  individuals (Mitchell et al. 2002; van Honk et al. 2002), 

substance-dependent individuals (Grant, Contoreggi & London 2000; Bechara & 

Damasio 2002), suicide attempters (Jollant et al. 2005), and patients with 

schizophrenia (Sevy et al. 2007), obsessive-compulsive disorder (Cavedini et al. 

2002) or impulsive aggressive disorders (Best, Williams & Coccaro 2002). 
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In this study, the computerized original version of task was employed, following 

the schedule of rewards and punishments published in the IGT professional manual 

(Bechara 2007). 

The neural substrates underlying the Iowa Gambling Task 

The objective of this study is to find out the brain mechanism underlying the IGT, in 

order to improve our understanding in the decision-making process and the 

neurobiological sources of the decision-making impairments in neurological and 

psychiatric patients. 

In this session, previous studies would be reviewed from both theoretical and 

empirical perceptivities.  First, the Somatic Marker Hypothesis (SMH) proposed by 

Damasio (1994) is elaborated to provide a theoretical explanation of the IGT. Then 

the neural circuitry involved in the IGT proposed by the hypothesis is introduced 

(for an overview, see Bechara & Damasio 2005). Finally the proposed neural 

substrates are evaluated with evidences from neuroimaging studies. 

An overview of the Somatic Marker Hypothesis (SMH) 

The SMH grew from the study on famous case of Phineas Gage (for an overview, 

see Harlow 1869) and Elliot (EVR, Damasio, Tranel & Damasio 1991), both of 

them suffered from severe everyday decision-making deficits caused by the 

damages to the frontal lobes. The case of Gage linked the frontal lobe with the 

function of decision-making, judgment and personality. The fact that EVR became 
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unable to make decisions after a bilateral ablation of the vmPFC caused by a brain 

tumor highlighted the function of this area in decision-making. 

Later, several patients with bilateral lesions of the vmPFC, similar to EVR, were 

studied in the Iowa laboratory to clarify the cause of the disability related to this 

region. All of them suffered from real-life decision-making impairments. They often 

made decisions against their best interests and were unable to learn from previous 

mistakes, and they also have difficulties in planning for the future. Contrast to their 

decision-making impairments, they showed normal intellect and intact problem-

solving abilities in several neuropsychological tests in laboratory settings (Bechara 

et al. 1998). However, other studies found that they had difficulties in expressing 

emotion and feelings in appropriate situations (Saver & Damasio 1991; Bechara et 

al. 1998). These observations highlighted the linkage between the disability in 

decision-making following vmPFC damage and abnormalities in emotions and 

feelings, leading to Damasio’s Somatic Marker Hypothesis (Damasio 1994, 1996). 

The hypothesis suggested that the decision-making process was influenced by the 

emotional biasing signals generated from the body (named as ‘somatic marker 

signals’) when facing different options.  Failure to use such emotion-based signals 

to bias the decision-making process would cause decision making deficits, 

especially in complex and uncertain situations. 

This hypothesis was strongly supported by the study from the Iowa laboratory, in 

which behavioral performances of normal subjects and vmPFC patients were 

examined with synchronized skin conductance responses (SCRs) recordings and 

assessments to their awareness level of the successful strategy (Bechara et al. 1996). 



 

11 
 

The SCRs reflected the arousal level of the autonomic nervous system thus they 

were used as the measurement of emotional and sympathetic responses (Carlson 

2010). 

Bechara et al (1997b) found that there were several stages in the learning process 

according to participants’ awareness level of the task strategy (see Figure 2-1, 

Bechara et al. 1997b, p. 1294). In these four stages, participants demonstrated that 

SCRs other than conceptual knowledges contributed to advantageous behavioral 

performances. 

As shown in Figure 2-1a, after sampling all four decks and before engaging any 

losses, normal subjects seemed to prefer the risky decks associated with higher 

immediate gains (decks A and B) (The light yellow column, Stage I, ‘Pre-

punishment’). After engaging losses in each deck, they began to generate higher 

skin conductance responses (SCRs) when intending to select from the risky decks 

(decks A and B) compared with when intending to select from the safe decks (deck 

C and D) (The dark yellow column, Stage II, ‘Pre-hunch’), but they didn’t report 

preferences on any of the decks in this stage. Gradually they would formulated 

a ’hunch’ that in the long run the risky decks (decks A and B) with a high 

immediate gain were ‘bad’ choices and the safe decks (decks C and D) with a low 

immediate gain were ‘good’ choices, and they would begin to select more from the 

safe decks and avoid the risky decks without conceptually realizing the reason (The 

pink column, Stage III, ‘Hunch’). In the last stage, some of the subjects might 

conceptually realize that the risky decks were associated with a high immediate gain 

but a long-term overall loss and the safe decks were associated with a low 

http://en.wikipedia.org/wiki/Arousal
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immediate gain but a long-term overall gain (The red column, Stage 

IV, ’Conceptual’). 

Unlike the control group, patients failed to avoid the risky decks even after 

conceptually realizing that these decks were ‘bad’ in the long run (see Figure 2-1b). 

And patients never showed different SCRs before intending to choose from risky 

decks or safe decks. 
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Figure 2-1a: Presentation of the four stages in IGT performance in normal controls 

according to performance and the SCRs associated with the same cards (Source: Bechara et 

al. 1997b). Note: copyright permission has been granted. 
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Figure 2-1b: Presentation of the three stages in IGT performance in vmPFC patients 

according to performance and the SCRs associated with the same cards. (Source: Bechara et 

al. 1997b). Note: copyright permission has been granted. 
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These observations on the relationship between the generation of SCRs when 

facing response options, advantageous behavioral performance and conceptual 

knowledge of the task strategy questioned the sufficiency of conceptual knowledge 

alone on beneficial decision-making and demonstrated the importance of emotional 

response in complex and initially ambiguity decision-making process, like the IGT. 

As summarized by Bechara and  Damasio (Bechara & Damasio 2005), an 

emotion was  

…a collection of changes in body and brain states triggered by a dedicated 

brain system that responds to specific contents of one’s perceptions, actual or 

recalled, relative to a particular object to event (page 339). 

The changes in the body involved both internal changes in milieu and viscera and 

external changes in musculoskeletal system. These body related changes which 

hallmark an emotion were named as ‘somatic states’. 

The somatic states could be triggered by primary inducers and secondary 

inducers. Primary inducers were innate or learned stimuli that would automatically 

and obligatorily elicit somatic states when presented in the environment; and 

secondary inducers were the ‘thought’ or ‘memory’ of primary inducers which 

would induce the somatic states belonging to the specific primacy inducer when 

presented in working memory. Thus the developments of secondary inducers highly 

depended on the developments of the primary inducers until the secondary ones had 

been acquired normally. 

The somatic state induced by every response option served as an indicator of the 

‘emotional’ values of that response and influenced the decision-making process 
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either explicitly or implicitly. In complex and uncertain situations when reasoned 

cost-benefit analysis is impossible, these somatic states which signal the prospective 

consequences of options assisted in selecting more advantageous responses. 

Neural substrate underlying the IGT proposed by SMH 

The SMH theory also provides a theoretical framework on which neural regions will 

be engaged during the performance of the IGT. According to the SMH, several 

neural substrates serve as key components in the process of biasing the decision-

making by the somatic signals (Figure 2-, Garcia et al 2009, p. 51). Although the 

SMH has been criticized by other researchers (Dunn, Dalgleish & Lawrence 2006) 

on the role of peripheral processes in decision-making, the involvement of the brain 

regions proposed by SMH were confirmed. 

As mentioned above, the somatic state could be elicited by either primary 

inducers or secondary inducers. Amygdala is a critical area for triggering somatic 

state by primary inducer and it couples the features of the primary inducers with the 

somatic states associated (Figure 2-2a), while vmPFC is the triggering structure for 

secondary inducers and it couples the knowledge of the secondary inducers with its 

somatic states pattern in a given situation (Figure 2-2 b). But it is hard to separate 

the processing of primary or secondary inducers in a normal brain since they could 

be elicited by the same stimuli at the same time. 

The generation of the somatic signals is a complex process and relies on several 

sets of system: 1) the features of the inducers are processed subliminally via the 

thalamus or explicitly via the sensory cortex; 2) the somatic states are evoked via 
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effector structures like the hypothalamus and the autonomic brainstem nuclei which 

produce internal changes and other effectors structures like the ventral striatum, the 

periacqueductal gray (PAG), and other brainstem nuclei which produce external 

changes; 3) the afferent inputs from the active somatic states are sent to the cortical 

structures to represent the feelings of the somatic states non-consciously in the 

parabrachial nucleus (PBN) or consciously  in the insula, the somatosensory cortex 

and the posterior cingulate gyrus); 4) particular representations of the somatic states 

are strengthened or weakened in the working memory system (the dlPFC) during the 

deliberation of a decision. This process is achieved by reinforcing or deleting the 

‘thought’ brought into working memory depending on the strength of the somatic 

state triggered by it. Some options are endorsed and others are rejected before any 

of them are translated into actions. 

Then the somatic signals act on the striatum (non-consciously) and the anterior 

cingulate cortex (ACC) or the supplementary motor area (SMA) (consciously) to 

bias behavioral responses (Figure 2-2 c). 

In summary, according to the SMH, the cortical areas involved in the IGT task 

include the following neural regions: 

1) The vmPFC and the amygdala for the triggering of somatic states; 

2) The somatosensory cortices, the insula and the posterior cingulate gyrus 

for cortical representations of somatic states; 

3) The dlPFC for working memory representations of somatic states; 
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4) The striatum, the anterior cingulate cortex (ACC) and the supplementary 

motor area (SMA) for implementing motor responses and behavioral 

actions. 

 

The involvement of these brain structures was generally supported by lesion 

studies. Poor IGT performance and failure to generate SCR during risky selections 

were observed in a number of studies recruiting patients with damage to the 

ventromedial prefrontal / mesial orbitofrontal cortex (vmPFC/mOFC) (for example, 

see Bechara 1994, 1997, 1999, 2004); and also in patient group with the amygdale 

lesions (Bechara et al. 1999, 2004). Compared with patients with vmPFC lesion, the 

amygdala groups were unable to generate SCRs during the feedback of win and 

loss. Tranel et al (Tranel, Bechara & Denburg 2002) suggested a more specific role 

of the right OFC/vmPFC in IGT performance, but this study was limited by the 

small sample size. Some other studies suggested that other prefrontal areas were 

also crucial for IGT performance, like the dlPFC (Bechara 2004, Tranel, Bechara & 

Denburg 2002, Fellows & Farah 2005, Clark, Cools & Robbins 2004, Manes et al. 

2002), and the dorsomedial prefrontal (Manes et al. 2002). A preliminary study with 

patients with right-sided or left-sided lesions to the somatosensory/insula cortex 

(Bechara et al. 1997a) found that only the right-sided lesion group showed deficit 

performance compared with the control group. Bechara et al (2004) proved that the  

ACC, especially the right-sided part, was also important for IGT performance. 
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The lesion studies provided important evidences on the neural substrate proposed 

by SMH. But the lesion studies were limited in the fact that lesions in the patients 

were not limited; they were rarely confined to clearly defined brain areas. Lesions in 

most patients with the vmPFC damages often extended into other part of the frontal 

loves and basal forebrain (Clark & Manes 2004).
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Figure 2-2: The illustration of all the brain regions involved in IGT performance according 

to the SMH (Source: Garcia et al 2009). a) The amygdala is the triggering structure for 

primary inducers. It couples the feature of the inducers with its somatic states. The features 

of the inducers were processed via sensory cortex. The somatic states were evoked via 

effectors structures in brainstem and ventral striatum (V.S.). (b) The vmPFC is the 

triggering structure for secondary inducers. It couples the memories or thoughts of the 

primary inducers with previous feelings represented in the cortical regions including insula, 

posterior cingulate gyrus (PCC). (c) The overall somatic states act on the striatum and the 

anterior cingulate cortex (ACC) / supplementary motor area (SMA) to influence the 

behavioral responses. Note: copyright permission has been granted 
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Neuroimaging studies on the neural substrates of IGT 

Functional neuroimaging also provides evidence to evaluate the neural substrates 

proposed in SMH. Several studies investigated the neural activations when 

participants performed the IGT, using the technique of Positron Emission 

Tomography (PET) or functional Magnetic Resonance Imaging (fMRI). 

PET studies 

Ernst et al. (2002) explored the neural network when healthy participants performed 

a modified version of the IGT using PET. They used a control task in which 

participants were asked to pick cards from the four decks in a specified order other 

than to make a choice, in order to isolate the decision-making process involved in 

IGT. The contrast between the control task and the IGT task revealed a 

predominantly right sided network of prefrontal and posterior cortical regions, 

including the  OFC/vmPFC, the anterior cingulate cortex (ACC), the dorsolateral 

prefrontal cortex (dlPFC) and the inferior parietal lolube (IPL). Ernst et al. (2002) ‘s 

findings confirmed the activation of the vmPFC in the IGT, and also revealed the 

involvement of the working memory and visual attention related networks. The 

significant correlations between task performance and regional cerebral blood flow 

were found in the right ventrolateral PFC and the right anterior insula. Activations in 

the subcortical areas were also found in the contrast, including the basal ganglia, the 

thalamus and the left cerebellum. 

Ernest et al (2003) investigated the brain activation while performing the IGT in 

http://en.wikipedia.org/wiki/Positron_emission_tomography
http://en.wikipedia.org/wiki/Positron_emission_tomography
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adults with attention deficit hyperactivity disorder (ADHD) and healthy controls. 

Task related activations were detected in the insula, the ventral and dorsal PFC in 

both groups. The activation was less extensive in the ADHD group compared with 

the control, without the ACC and the hippocampus, although there was no group 

difference in performance. 

In a subsequent study using a similar protocol, increased activations in the right 

OFC and decreased activation in the right dorsolateral OFC were indentified in the 

cocaine users who were impaired in the IGT performance, compared with the 

controls (Bolla et al. 2003). The task performance was correlated with the activation 

of right OFC in both groups. 

Adinoff et al (2003) studied the relationship between resting state regional blood 

flow measured by PET and the task performance in the IGT in healthy control and 

abstinent cocaine users. Unlike the above findings, no relationship was detected 

between task performance and resting state activity in the OFC in either group. The 

relationship was detected only in the ACC and the left dlPFC. 

Another repeated study with cocaine users in a more acute phase of abstinence 

(Tucker et al. 2004) found negative correlation between the IGT performance and 

the activity in the ACC, the medial frontal gyrus and the superior frontal gyrus. The 

ACC could be labeled as part of the mOFC/vmPFC regions, and all of other regions 

are parts of the dlPFC region. 

A similar study by Bolla et al ( 2005) compared the brain activation in the 

abstinent marijuana users and the control group with no drug use history when they 

performed the IGT. The marijuana users showed lower activation in the right lateral 
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OFC and the right dlPFC, and higher activation in the left cerebellum. 

There is one PFT study which tried to further reveal sex differences in activation 

when performing the task (Bolla et al. 2004). Regional task related activations were 

found in different brain regions in men and women. Men showed greater activation 

in the right lateral OFC than women, and women activated the left dlPFC, the left 

medial frontal gyrus and the temporal lobe more than men. 

Brain regions related to the IGT task according to the PET studies were 

summarized in Table 2-3. These studies revealed a generally consistent network 

including the OFC/vmPFC, the ACC and the dlPFC, which partly supported the 

neural substrates proposed by the SMH. The prominent right side activation of this 

network was detected in most studies, while the prominent left side activation of 

cerebellum was revealed in two studies. 

The limitation of the PET studies lied in its limited temporal resolution, which 

made it impossible to indentify distinct underlying neural substrates of the 

temporally separated task components , which are basically the activation resulted 

from the decision phase and the activation from the feedback phase. 
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FMRI studies 

Existing fMRI studies with the IGT were still relatively scarce and increasing 

recently. Although a range of fMRI studies used similar but simpler gambling tasks 

to detect the neural mechanism of decision-making under risky conditions (for a 

review, see Krain et al. 2006). However, information for decision making was 

provided explicitly in these tasks and thus these studies failed to involve the 

strategic learning process in task design which was important in the IGT (Li et al. 

2010). 

Compared to PET, fMRI technique has a better temporal and spatial resolution, 

permitting the investigation on distinct neural substrates for different task 

components in the IGT. The flaw of fMRI data is that it was known to have a signal 

dropout in several brain areas due to distortion artifacts (Cusack et al. 2005), 

including one of the crucial brain regions in the IGT, the OFC/vmPFC region. 

Here, considering the purpose of this study, only fMRI studies employed the 

original or slightly modified IGT task were reviewed and only activation maps in 

healthy controls related to the decision-making phase were concerned. Exiting fMRI 

results could be separated into two categories according to the contrast used in the 

studies: one is the contrast between the IGT task and self-designed control task, 

another is the contrast between the factors involved in the ITG task design, i.e.: the 

contrast between risky and safe decision-making. 

Tanabe et al (2007) used a modified IGT task to compare brain activations in 18 

healthy participants, 14 substance-dependent individuals (SD), and 16 SD with 
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gambling problems (SDPG). In the modified IGT task, the subjects only chose to 

‘play or pass’ trials after the computer selected the cards in the decision condition, 

and they were explicitly told to ‘play or pass’ in the no decision condition. The 

contrast between active and passive decision-making across all groups revealed 

activation in the right orbitofrontal (BA 10), the right ventral lateral frontal/insula 

(BA 47), the bilateral anterior cigulate (BA 32/24) and the nucleus accumbens. 

Comparisons in controls and the two clinical groups showed reduced activations in 

both patients groups in the ventral medial frontal (BA 25/11), the superior frontal 

cortex regions (BA 9/10) and the right frontopolar (BA 10). 

Frangou et al ( 2008) studied brain activations of patients with bipolar disorder 

and healthy controls when they performed the original IGT. They used the control 

task in which subjects were required to select cards as in the IGT task but were 

informed that no reward or punishment were associated with the decks in this 

condition. In normal group, subtraction between the IGT task and the control task 

revealed the bilateral ventral prefrontal cortex (BA11, 47), the dorsolateral 

prefrontal cortex (BA6, 8, 9, 46, 10), predominantly on the right side, the right 

parietal cortex (BA7), the thalamus and the cerebellum bilaterally. In patient group, 

activation in these regions was attenuated but increased in the superior and middle 

temporal gyrus. 

Li et al (2010) combined the original version of the IGT and three variant version 

of the IGT in their study to increase the number of trials during the fMRI session .To 

control the recording duration, there was a 4-s interval limitation for each trial. In 

the control task, subjects were instructed to select a certain deck. Contrast between 
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the IGT and the control task revealed an activation patter which was generally 

consistent with the neural circuitry hypothesized in the SMH, but it didn’t reveal  

significant activation in the amygdala and the hippocampus region. 

Recently, the same protocol was used to investigate the neural correlates of the 

IGT in adolescent binge drinkers and age-matched adolescents who had never 

consumed alcohol (Lin et al., 2013). The brain regions activated during the IGT 

averaged across the two groups were similar to Li’s study (2010). Binge drinkers, 

compared to non-drinkers, showed worse performances on the task and higher 

activity in the left amygdala and the bilateral insula. 

The above studies adopted block design so that they were limited to the 

investigation to whether the detected contrast was mainly resulted from the 

decision-making phase or the feedback phase. In order to examine the brain regions 

related to different cognitive components involved in the task, event-related fMRI 

were used in some other studies. 

Fukui et al (2005) firstly studied the brain activation in fifteen healthy subjects 

using event-related fMRI. They compared the neural activity during selections from 

the risky decks versus the one during selections from the safe decks. The contrast 

revealed activations in the superior part of the anterior cingulate cortex (ACC) and 

the adjacent medial frontal gyrus. The detected activation was relatively superior to 

the vmPFC/mOPF while still being involved in the SMH neural framework, and it 

was significantly correlated with the task performance. The absence of the 

orbitfrontal region in the contrast was attributed to the signal dropout by the author. 

In a later study, Lawrence et al (2009) developed a modified version of IGT 
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adapted for event-related fMRI recording to study the distinct role of prefrontal 

regions in IGT. First, the variable ITIs were imposed and adjusted for the subjects’ 

reaction time to fix the duration of the task, and the ITIs also served as the baseline 

in fMRI analysis; Second, the time windows for subject to make the choices and 

receive the feedback were separated; Last, the original payoff structure of the decks 

was altered by adjusting the punishment frequency in all the four decks to be 50%. 

Thus, the number of trials in each condition (i.e. choices from the risky and the safe 

decks, choices resulting in wins and losses) were increased so as to optimize the 

statistical power in fMRI analysis. In the control task, subjects were instructed to 

select a specific deck. By comparing brain activation during this modified version of 

the IGT task and the control task, Lawrence et al found that decision-making 

produced higher activation in the anterior cingulate cortex / medial OFC (BA 

24,32,11), and the precentral gyrus (BA 6/4). By comparing brain activation 

between choices from the risky versus safe decks, they found higher activations in 

the middle/superior occipital cortex (BA 19), the anterior cingulate gyrus (BA 32), 

the superior medial frontal cortex (BA 10/9), the inferior OFC/insula (BA 47) and 

the inferior frontal operculum (BA 47). More specifically, correlations between 

brain activations and task scores were detected in the superior medial frontal gyrus 

(BA 10), the pre-SMA (BA 6/8) and the inferior OFC/insula (BA 47). 

The same protocol was used in a subsequent study (Jollant et al. 2010) to explore 

the neural basis of poor decision-making in suicide attempters. Compared to 

controls, suicide attempters showed poor task performances and decreased 

activations during risky choices relative to safe choices in the left lateral 
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orbitofrontal (BA 47) and the occipital cortices (BA 19) accordingly in a regions-of-

interest (ROIs) analysis. The ROIs used were independently defined in 15 male 

healthy controls referred to Lawrence’s study (2009). 

Lawrence’s version of IGT enabled examination of the neural basis associated 

with different aspects of the task by separating the decision-making phase and 

feedback phase. However, the alteration in the punishment frequency of decks 

changed the 2 by 2 factorial design in the original task. Thus, the effect of 

punishment frequency was ignored in this version of IGT in fMRI study. Also, the 

validity of this version has not been studied in clinical population, which made it 

difficult to compare with the amount of clinical studies using the IGT as a 

measurement of decision-making ability in patients. 

As summarized in Table 2-4, studies that investigated the contrast between IGT 

task and control task revealed consistent results in the orbitofrontal region (BA10, 

11 and 12), supporting the framework of SMH. The SMH proposed that decision-

making process in the IGT required the orbitofrontal region to integrate the 

knowledge and information in the memory system with the emotional processing of 

the stimuli to evaluate the affective value of the stimuli. Meanwhile, these studies 

generally supported the role of some other brain regions proposed by the SMH, like 

the dlPFC, ACC and SMA, although the whole activation maps varied across 

studies. The inconsistency might be due to the different design of the control tasks 

in these studies. 

On the other hand, the two studies (Fukui et al. 2005; Lawrence et al. 2009) that 

looked into the contrast involved in the design of the task, i.e.: the contrast between 
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the risky and safe decisions, repeatedly detected higher ACC activation when 

subjects were pondering to select from the risky decks. Lawrence et al (2009) also 

detected significant activation in other frontal regions like the dlPFC (BA 9, 10) and 

the inferior OFC (BA47). 
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Research Question and Hypothesis 

Except for the factor of the risky versus safe desk, the design of the IGT task also 

includes another factor, punishment frequency. The factor of punishment frequency 

is unrelated to the profit; therefore it is neglected by most IGT studies, in which they 

typically accessed the task performance by subtracting the number of cards selected 

from the safe decks with that from the risky decks and making the number of 

selected cards from each deck invisible. As a matter of fact, these studies assumed 

that the punishment frequency is irrelevant to the basic assumption of the IGT on 

how normal subjects generated somatic signals and shifted their preference to 

particular decks. However, over the past years, in contrast to the basis assumption of 

the IGT, an increasing number of studies have pointed out that the punishment 

frequency also influenced the choice behavior of the normal subjects ( Lin et al. 

2007, Chiu, Lin 2007, Caroselli et al. 2006, Caroselli et al. 2006, Martino et al. 2007, 

Fernie & Tunney 2006). The “prominent deck B phenomenon” was repeated 

detected, which refers to the finding that normal subjects prefer the risky deck B, 

which yields low punishment frequency but has a negative long-term outcome.  

Some of these studies even suggested that the primary variable affecting subjects’ 

choices was punishment frequency rather than the long-term outcome in both 

normal (Horstmann, Villringer & Neumann 2013) and clinical groups, thus they 

questioned the basic assumption of the IGT task and also the validity of this task.  

In a recent study by Lin et al (2013), they recruited subjects to play a three runs of 

the IGT task and analyzed subjects’ preference to each of the four decks in each run.  
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They found that the two factors dominated choice behavior of the subjects in 

different stages: in the first run of the task, the punishment frequency dominated the 

choice behavior, in the second run, both of the two factors influenced the choice 

behavior, and in the third run, subjects seemed to be able to avoid the deck B and 

only favor the two decks with positive long term outcome. The finding of Lin’s 

study implies that during the IGT task the influence of punishment frequency is 

‘immediate’ and that of the long term outcome is ‘learnt’ and relatively ‘later’. 

There seems an interaction between these two factors over time. Lin’s study showed 

the interaction trend but he didn’t explore into it. Also, currently there is no fMRI 

studies discussed how the interaction effect of these factors influence brain 

activation during performing the IGT. 

In this study, the original design of the IGT with 2 by 2 factorial design was 

employed in an event-related fMRI study, to clarify the effect of the three factors, 

which were time, the long outcome and punishment frequency, on both subjects’ 

behavioral performance and brain activation maps. The following two questions 

would be answered: 1) How these three factors would influence subjects’ behavioral 

choices? Especially what is the interaction effect? And 2) how the interaction effect 

in these three factors would affect subjects’ brain activations?   

It is hypothesized that: behaviorally, 1) subjects would learn to select more from 

the safe decks and avoid the risky decks across the task, i.e.: the effect of the long-

term outcome will increase over time; 2) it is easier for subjects to learn to avoid the 

risky deck A than the risky deck B , i.e.: the effect of the long-term outcome to 

subjects’ behavioral choices is weaker in the condition with low punishment 
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frequency; 3) subjects preference to the decks with different punishment frequency 

would not change over time, i.e.,; the effect of punishment frequency is consistent 

over time. Accordingly, we expected to find in the related brain activation maps: 1) 

there would be higher activation in the medial prefrontal cortex areas when subjects 

pondering to select from the risky decks than the safe decks, and activation in these 

areas may be correlated with performance and additional involved in task learning; 

2) besides, this activation difference would be prominent in the condition with high 

punishment frequency. 

In additional analysis, we also wish to access the brain regions related to the 

learning process, we predict there would be higher activation in the brain area 

related to the generation of the somatic states (i.e.: Amygdala) in the earlier stage of 

the task, and higher activation in the brain area related to the voluntary behavioral 

choice (i.e.: ACC) in the later stage of the task.   
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CHAPTER 3 METHOD 

Introduction 

This chapter describes the method and set-up of the experiment conducted to 

investigate the neural processes associated with the IGT. It covers the sampling 

methods, task design, instruments and measurements used in the experiment. The 

procedures for fMRI data collection and analysis will also be elaborated. 

Subjects 

In view of the reported sex and age differences in task performance and brain 

activity during performing IGT, only male, young adults were recruited for the 

current study. The inclusion criteria are male right-handedness subjects with the age 

range of 18 to 30, and subjects with any neurological or psychiatric disorder history 

were excluded. A total of 24 subjects were recruited from Hangzhou Normal 

University. They were recruited by posting recruitment notices in the campus and 

screened based on the selection criteria mentioned above.  

Table 3-1 shows their demographic information. This study was approved by the 

Human Subjects Ethics Sub-committee of both Hong Kong Polytechnic University 

and Hangzhou Normal University (see Appendix I). 

Before the experiment, the purpose of the experiment and the right as a subject in 

the study was explained. After reading the Inform Sheet for the experiment 
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(Appendix II), all participants gave written informed consent in accordance with the 

principles expressed in the Declaration of Helsinki (see Appendix III). All 

participants received a small sum of cash as compensator for the cost of 

transportation for attending the experiment and an extra cash reward based on their 

performance in the experimental task. 

Experimental Task Design 

The clinical version of the IGT was used in the study with several technical changes 

to suit the fMRI scanning. 

Table 3-1 illustrates the payoff structure in the design of the decks. The IGT 

program used in this study was written in Erpime 2.0 software (Psychology 

Software Tools, Pittsburgh, PA). 
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Table 3-1: The payoff structure of the decks follows a 2 by 2 factorial design. The schedule 

of rewards and punishments in each deck is determined by a combination of two factors: 

long-term outcome and punishment frequency 
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Subjects were presented with four decks of cards and required to choose a card 

from any of them in each trial. Every time subjects made their selections, there 

would be the following message displayed: ‘‘You Win $ X!’’ or ‘‘You Win $ X! But 

lose $ Y.’ (X, Y denote a specific amount of money). The instructions used in the 

study were translated from a previously published study (Bechara, Tranel & 

Damasio 2000), and the details can be found in Appendix IV.  

…It is important to know that the computer does not make you lose money 

at random. However, there is no way for you to figure out when or why you 

lose money. You may find yourself losing money on all of the decks, but 

some decks will make you lose more than others. Even if you lost a lot of 

money, you can still win if you stay away from the worst decks (p2194). 

The subjects were also instructed that they must try to win as much money as 

possible, since they would play the game using real money (Renminbin, RMB) and 

be paid with their final gain (divided by 100).  

Several changes were implanted in the experiment in order to suit the fMRI 

data collection. First, the duration for each selection was limited to 3.5s. If subjects 

failed to make their choice after 3.5s, they would miss this trial and wouldn’t win or 

lose any money. This duration has been proved to be long enough for subjects to 

make a selection (Cella et al. 2007; Li et al. 2010). Second, there was a 2s feedback 

phase after the selection, and an inter-trial interval of 0.5-6s with only a fixation 

cross in the center of the black screen. Each trial lasted 6-8 seconds. Third, subjects 

used two MRI-compatible response boxes with both hands to select a deck. 

Reversed card-display arrangement (ABCD and DCBA) were used for half of the 
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subjects to counterbalance the card position effect. For each subject, they would 

perform 100 trials of the IGT task. A typical trial in IGT is demonstrated in Figure 

3-1.  

 

Figure 3-1: A typical trial in Iowa Gambling Task. Each trial lasted 6-8s. In each trial, the 

duration for selection was limited to 3.5s, followed by a 2s feedback phase and 0.5-6s inter-

trial interval. Brain activation during the decision–phase, i.e., onset from the presentation of 

decks was analyzed in this study. 
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Experimental Procedures 

All the data collection procedures were conducted in the MRI lab in the Center for 

Cognition and Brain Disorders (CCBD) of Hangzhou Normal University. 

Before the IGT task, subjects were asked to complete the demographic 

questionnaire (Appendix V), the handedness questionnaire for Chinese (Appendix 

VI) (Li, 1983) and the Barratt Impulsiveness Scale (BIS-11) for Chinese population 

(Li et al., 2011). The BIS-11 questionnaire (Patton & Stanford, 1995) assesses the 

personality and behavioral construct of impulsiveness. The BIS-11 has been widely 

used to assess impulsiveness and its relationship to other clinical phenomena 

(Stanford et al. 2009). The BIS-11 for Chinese population was translated from the 

original English version and adapted for use in the Chinese context, and the 

reliability and validity were tested among Chinese citizens and university students. 

The original English version of the BIS-11 is shown is Appendix VII, the Chinese 

version of the BIS-11 is shown in Appendix VIII, and the permission letter for use 

of the BIS-11 is shown in Appendix IX. The BIS questionnaire was used to exclude 

subjects with abnormal level of impulsiveness. 

Then subjects completed the fMRI scanning safety checklist and entered the 

scanning room following the instruction of the professional MRI scanning 

technician in CCBD. 

Prior to the IGT task, 8 minutes resting fMRI data were collected. These resting 

data were collected for another study which was not related to this study. After the 

resting scanning, subjects were given the instruction of the IGT task. And they were 

given a chance to practice four trials on a dummy version to become familiar with 

http://en.wikipedia.org/wiki/Barratt_Impulsiveness_Scale


 

41 
 

the task procedure, the screen display and the response box. The dummy version is 

similar to the actual experimental task, except that subjects were instructed to select 

each of the four decks, one by one from left to right, instead of making their 

decisions. Then another 11.7 minutes of fMRI data were collected while subjects 

were performing the IGT task, followed by 5 minutes structural MRI data 

collection. Only the fMRI data collected during the IGT task and the MRI data were 

used in this study. 

After the scanning, subjects were asked to complete the awareness test from a 

former similar study (Lawrence et al. 2009, Appendix X), to test whether they had 

developed explicit awareness of the rules for winning the task. They were asked to 

describe the strategy they had used, and answer two additional questions: (1) 

whether they had picked more cards from any particular deck(s) or avoided any 

particular deck(s), and (2) why they had done so. They would be marked as learners 

if they discovered that cards from risky decks resulted in a long-term loss, whereas 

cards from safe decks produced a long-term gain. Otherwise, they would be marked 

as non-learners. 

Statistical Analysis on Behavioral Data 

All statistical analyses on the behavioral data were computed by SPSS 16.0. The 

significant level was set as p ≤ 0.05. For all within-subject effects in the repeated 

measure Analysis of Variance (ANOVA), Greenhouse-Geisser was reported to 

correct the significance to compensate for the violation of sphericity. Bonferroni 
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adjustments with p ≤ 0.01 were applied to the significance levels of all post-hoc 

comparison. 

Data Acquisition 

The fMRI data were acquired on a GE (General Electric) Signa 3T system. During 

the scanning, subjects lay on the scanner beds and viewed visual stimuli back-

projected onto a screen through a mirror, with one two-button response box in each 

hand. Foam pads were used to help to minimized head motion. 

For each subject, 351 T2*-weighted whole-brain volumes depicting BOLD 

contrast (Ogawa et al. 1990) were acquired over 11.7 min with 3 mm thickness 

(repetition time (TR) = 2 s, flip angle (FA) = 90°, field of view (FOV) = 24cm, in-

plane resolution = 64*64 pixels). 

High resolution T1 anatomical images were also acquired to assist the 

normalization of functional images. 180 sagittal slices were acquired with an 

isotropic 1 mm thickness (FOV = 250*250mm, repetition time (TR) = 8100, echo 

time (TE) =3.1ms, flip angle (FA) = 8 deg, voxel size = 1*1*1, TI (prepare time) = 

450, bandwidth = 31.25 kHz). 

Data Procession 

Data were analyzed by SPM8 (http://www.fil.ion.ucl.ac.uk/spm/; Wellcome Trust 

Center for Neuroimaging, London, UK) implemented in Matlab 7 (Mathworks, Inc, 

Natick, MA) using an event-related model (Josephs et al. 1997).  
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First, quality assurance was conducted by viewing the data in MRIcron 

(http://www.mccauslandcenter.sc.edu/mricro/mricron/) and applying the artifact 

detection software ART developed by the Gabrieli Lab in MIT 

(http://web.mit.edu/swg/software.htm). The ART software can effectively detect and 

mark scans with artifacts, and then these scans were excluded by using them as 

covariates in subsequent analysis. 

The raw data were then converted into NIFTI format, and the data pre-procession 

contained four steps: 

1) Slice timing correction was applied to correct the time differences between 

slices in each 3D volume. 

2) Head motion correction was performed by realigning the EPI images to the 

first one of each run. In this step, head motion curve in 6 directions would be 

generated for each subject, and those with severe head motion (more than 3 mm in 

any direction) would be excluded. 

3) In the normalization step, the EPI Images were firstly co-registered to the 

anatomical MRI images of the same subjects, then transformation parameters were 

estimated by mapping the MRI images to the Montreal Neurological Institute (MNI) 

template, and finally the normalization parameters obtained from the transformation 

were applied to the EPI images, to generate the normalized EPI images. 

4) Finally, these EPI images were smoothed with a 6 mm FWHM kernel. 

To obtain the effect of interest in individual-level analysis, the preprocessed EPI 

images were analyzed by General Linear Model (GLM). The GLM were built with 

the trials where subjects selected cards from deck A, B, C and D as the regressors, 

http://www.mccauslandcenter.sc.edu/mricro/mricron/
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and the head movement curve in 6 directions and the outlier images as covariates. 

Specifically, the regressors were generated by convolving the onset times of each 

kind of event with a canonical hemodynamic response functions (HRF). When no 

selection was made, these trials were excluded from the analysis. The data were 

high-pass filtered with a cut-off period of 128 s to remove slow drift. 

Finally, contrast images were generated for each subject to examine the main 

hypotheses, including: 

1) Choices from risky (A+B) versus safe (C+D) decks, choice from risky versus 

safe decks with a high punishment condition, i.e.: choices from deck A versus deck 

C, and choice from risky versus safe decks with a low punishment condition, i.e.: 

choices from deck B versus deck D. The three contrasts accesses the effect of the 

key factor in IGT design, i.e.: the long-term outcome, and whether its effect would 

be influenced by another factor, punishment frequency, which was also involved in 

the task design. 

2) Choices in the first half versus second half trials: this contrast assesses the 

learning effect. 

The contrast images were then entered into one-sample t tests to generate the 

group statistical results.  The t-test maps were threshold at a voxel-wise p value of 

0.001(uncorrected) and a cluster level p value of 0.05 (FWE corrected; FWE: family 

wise error). Activations were reported corresponding to the standardized MNI 

coordinate space. The activation coordinates were also converted into Talairach and 

Tournoux atlas (Talairach, Tournoux 1988) using Brett’s mni2tal toolbox 
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(http://imaging.mrc-cbu.cam.ac.uk/imaging/mniTalairach ) to label the number of 

Brodmann Areas (BAs). 

  

http://imaging.mrc-cbu.cam.ac.uk/imaging/mniTalairach
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CHAPTER 4 RESULTS 

Introduction 

This chapter is divided into two parts. The first part presents the demographic 

characteristics of the subjects and behavioral results on the experimental task.  The 

second part presents the brain activation maps during the decision phase, including 

the following three contrasts: the brain activation maps during choice in the first 

half versus the second half trials; the brain activation maps during choice from risky 

versus safe decks; and brain activation during choice from high versus low 

punishment frequency decks. 

Demographic Characteristics of Subjects 

Twenty-four male college students were recruited from the Hangzhou Normal 

University in mainland China. As shown in Table 4-1, their age range is from 19.3 

to 25.8 (Mean age = 21.7, SD (standard error) = 1.8) and they have received 

between 13 to 18 years of education (Mean year = 14.9, SD = 1.6). All of them were 

right handed with no history of neurological or psychiatric disorders. All subjects 

completed the Barratt Impulsivity Scale (BIS), and their scores are shown in Figure 

4-1 in the possible range of 0 to 100. 
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Subject 
Age 

(year) 

Year of 

Education 

(year) 

Handedness 

1 20.2 13.0 R 

2 22.4 15.0 R 

3 20.4 14.0 R 

4 20.3 14.0 R 

5 19.3 13.0 R 

6 21.4 14.0 R 

7 25.0 18.0 R 

8 25.8 18.0 R 

9 22.3 16.0 R 

10 22.3 16.0 R 

11 23.4 16.0 R 

12 22.2 16.0 R 

13 23.8 17.0 R 

14 19.8 14.0 R 

15 20.9 14.0 R 

16 23.2 17.0 R 

17 24.3 16.0 R 

18 20.5 14.0 R 

19 20.0 13.0 R 

20 19.8 13.0 R 

21 20.8 14.0 R 

22 19.7 13.0 R 

23 21.0 14.0 R 

24 22.7 15.0 R 

Mean 21.7 14.9 
 

Std 1.8 1.6 
 

Max 25.8 18.0 
 

Min 19.3 13.0 
 

Table 4-1: Demographic information of the participants. 
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Figure 4-1: The BIS profile of the subjects. The possible range in from 0 to 100 

Behavioral Performance on Iowa Gambling Task 

IGT Score 

In the total of 2400 trials, subjects made 1225 (47%) risky choices (deck A and 

deck B), 1169 (45%) safe choices (deck C or D), and missed 6 of them (0.23%). 

Their individual performance on the IGT task varied with total net scores ranging 

from -54 to 74 (mean -2.33 ± [SD] 31.27) out of a total possible range of –100 to 

+100. 

Reaction Time (RT) 

The average reaction time (RT) for all the trials was 675.17 ± [SD] 309.62 ms. 

There was no relationship between-subjects’ IGT scores and their mean RTs (r = 



 

49 
 

0.215, p = 0.314). The average RT for the 1225 choices from risky decks was 

653.65 ± [SD] 426.96 ms, while the one for the 1169 choices from safe choice was 

683.22 ± [SD] 444.04 ms.  There was no difference between the RTs for choices 

from risky decks versus safe decks (t = -1.661, p = 0.097), hence RT will not be 

discussed in the following analysis. 

Learning Effect 

Figure 4-2 shows subjects’ IGT score across the course of the experiment in every 

20 trials (one block equals 20 trials). Subjects selected more cards from the risky 

decks in the first half of the trials and learned to select more cards from safe decks 

in the second half of the trials. With their performance in the 5 blocks of per 20 

trials as the repeated factor, repeated-measure ANOVA was used to assess the 

learning effect. Mauchly’s test shows that the assumption of sphericity had been 

violated, χ
2
(9) = 26.036, p=0.002, therefore the degree of freedom was corrected 

using Greenhouse-Geisser estimates of sphericity. The results indicated that there 

was a significant learning effect on IGT score, F (2.426) = 3.746, P =0.023, 

suggesting that overall subjects’ performance improved over time, as expected. 
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Figure 4-2: IGT scores (mean and standard error (SE)) across the course of the experiment 

in every 20 trials as a block. 

Deck Effect 

Although scores increased over the course of the experiment, showing that 

subjects were shifting their preference for decks with a higher long-term outcome, 

there were only on average 2.62 more cards selected from the safe than from risky 

decks in the last block of the experiment. A separate analysis of subjects’ choices 

from each of the four decks was conducted to reveal their preference for cards in the 

4 decks over 5 blocks. Table 4-2 and Figure 4-3 show the number of cards selected 

from each deck in each block. The number of cards selected from deck A decreased 

from the beginning of the experiment; preference for deck B lasted over the whole 

course of the experiment; and the number of cards selected from deck C and D 

increased over the experiment and became comparable to deck B in the last block. 



 

51 
 

A two-factor repeated measures analysis of variance revealed that there was a 

significant main effect of deck (F = 3.428, p=0.04) and interaction effect of deck * 

block (F= 2.870, p = 0.012) on the preference of cards, but no significant main 

effect of block (F= 2.043, p=0.095) on the preference. Pairwise comparisons on 

decks with the Bonferroni Adjustment suggested a significant difference in a 

preference for deck A and deck B (p=0.008). 

 

Deck 

Block 

1 2 3 4 5 

A 5.46 4.83 4.08 3.08 2.17 

B 6.21 5.88 6.25 6.58 6.50 

C 4.08 4.54 4.63 5.54 5.75 

D 4.04 4.75 5.04 4.79 5.54 

 

Table 4-2:  Mean number of cards selected from each deck over the five blocks (20 trials in 

each block). 
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Figure 4-3: Mean number of cards selected from each deck in the Iowa Gambling Task over 

the five blocks (20 trials in each block). (Red lines indicate decks indentified as risky in the 

original publication of the task. Dotted lines indicate decks with higher punishment 

frequency. Bars represent SE.) 

A two factor model: effect of long-term outcome and punishment frequency 

A three-factor repeated measures ANOVA was carried out to test the effect of 

long-term outcome, punishment frequency and block on the preference of cards. 

The main effect of outcome (F = 0.314, p = 0.718) and block (F= 2.043, p = 0.095) 

are not significant, but the main effect of frequency (F = 5.745, p=0.025) is 

significant. There is also a significant interaction effect of between outcome* 

frequency (F = 7.643, p = 0.011), outcome*block (F = 3.746, p = 0.023) and 
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outcome*frequency*block (F = 3.755, p = 0.016), but no significant interaction 

effect of frequency* block (F = 1.353, p = 0.265).   

fMRI maps related to Iowa Gambling Task 

Brain Activation during Choices from Risky versus Safe Decks 

A comparison of brain activity during choices from risky versus safe decks was 

conducted to reflect the brain maps related to the factor of long-term outcome, 

which revealed the Anterior Cingulate Cortex (ACC) (BA 32/24), especially the 

right-side, showed significant greater activation when making risky choices (Table 

4-3, Figure 4-4). 

 

 

Table 4-3: Brain regions showing significantly higher activation during choices from risky 

(deck A and B) versus safe (deck C and D) decks (peak level p < 0.001 uncorrected, cluster 

level p < 0.05 FWE corrected). Note: L = left, R = right. Coordinates refer to the cluster 

peak voxel in mm (MNI) and coordinates in italics refer to 2 local maxima more than 8 mm 

apart. BA estimated from mni2tal conversion with positive = right (x), anterior (y), and 

superior (z). 

 

Regional activations Side BA Volume Voxel

(voxels) (Z-value)

Anterior Cingulate Cortex R 24/32 117 12 39 24 4.211

0 45 12 4.036

6 36 18 3.866

Coordinate

(x, y, z)
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Figure 4-4: Significant brain activity during choices from risky (deck A and B) minus safe 

decks (deck C and D) (peak level p < 0.001 uncorrected, cluster level p< 0.05 FWE 

corrected). Activations are displayed on axial sections starting at z = 18 in neurological 

orientation (left is left). 

To explore the interaction effect between long-term outcome and punishment 

frequency, brain activity during choices from risky versus safe decks were 

compared in the condition of high punishment frequency (i.e., deck A versus deck C) 

or low punishment frequency (i.e., deck B versus deck D). The deck A versus deck 

C contrast revealed similar but more focal activation map to the original contrast 

(Table 4-4), while the deck B versus deck D contrast detected no significant results 

under the threshold of uncorrected p < 0.001 in the peak level and corrected p < 0.0 

5 in the cluster level. 

To examine whether the significant neural activity in the above contrasts was 

related to task performance, the area showed significant activation in the main 

contract was defined as region-of-interest (ROI) and the activity of this ROI in the 

above contrasts were extracted and correlated with the total IGT score.  Only the 
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ROI activity in the (deck A > deck C) contrast is significantly correlated with the 

IGT score (r= 0.4245, p=0.0387), but not the one in the (deck B > deck D) contrast 

or in the main contrast. 

The interaction effect between long-term outcome and block (time) was also 

accessed by comparing the brain activity before the risky versus safe selections in 

the first half trials and the second half trials separately, but no interaction effect was 

found in the related brain maps. 

 

 

Table 4-4: Brain regions showing significantly higher activation during choices from risky 

(deck A) versus safe (deck C) decks under the condition of a high punishment frequency 

(peak level p < 0.001 uncorrected, cluster level p < 0.05 FWE corrected). Note: L = left, R 

= right. Coordinates refer to the cluster peak voxel in mm (MNI) and coordinates in italics 

refer to two local maxima more than 8 mm apart. BA estimated from mni2tal conversion 

with positive = right (x), anterior (y), and superior (z). 

 

Brain Activation during Choices in the First Half versus the Second Half Trials 

Contrast of choices in the first half minus the second half trials revealed that 

there was greater brain activity in the hippocampus, parahippocampus, amygdala 

and insula during choices in the first half trials (Figure 4-5, Table 4-5). In this 

contrast, a stringent threshold was used to obtain result maps with clearly defined 

Regional activations Side BA Volume Voxel

(voxels) (Z-value)

Anterior Cingulate Cortex R 32 36 9 42 9 4.495

0 45 9 3.904

Coordinate

(x, y, z)
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clusters, which was uncorrected p < 0.0001 in the peak level and corrected p< 0.05 

in the cluster level. The reversed contrast failed to detect significant activation under 

the threshold of uncorrected p < 0.001 in the peak level and corrected p < 0.05 in the 

cluster level. 

 

  



 

57 
 

 

Table 4-5:  Brain regions showing significantly higher activation during choices in the first 

half trials versus the second half trials (peak level p < 0.0001 uncorrected, cluster level p < 

0.05 FWE corrected). Note: L = left, R = right. Coordinates refer to the cluster peak voxel 

in mm (MNI) and coordinates in italics refer to 2 local maxima more than 8 mm apart. BA 

estimated from mni2tal conversion with positive = right (x), anterior (y), and superior (z). 

 

 

Figure 4-5: Significant brain activity during choices in the first half trials minus the second 

half trials (peak level p < 0.0001 uncorrected, cluster level p < 0.05 FWE corrected). 

Activations are displayed on the coronal sections in neurological orientation (left is left). 
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CHAPTER 5 DISCUSSION  

This study investigated the brain mechanism involved in the Iowa Gambling 

Task in normal young adults, using event-related functional magnetic resonance 

imaging. It explored how participants’ behavioral performances were influenced by 

the factors that existed in the IGT task design, and how these factors were processed. 

Behaviorally, this study showed that normal subjects’ performances gradually 

improved across the course of the task, which meant that, consistent with the 

general assumption on the IGT performance (Bechara et al. 1994, 1996), subjects 

learnt over time to choose more cards from decks with an advantageous long-term 

outcome. This study also replicated the results of recent behavioral studies 

(Horstmann, Villringer & Neumann 2013, Lin et al. 2007) which found that subjects’ 

preferences in the IGT were influenced by not only the long-term outcome, but also 

the punishment frequency associated with the decks.  There was also a significant 

interaction effect between the two factors. Subjects were more sensitive to the effect 

of the long-term outcome under the condition with a high punishment frequency. 

Further analysis found that the preference for decks specifically induced by the 

factor of the long-term outcome would change across the course of the task, but the 

preference specifically induced by the punishment frequency would be consistent. 

In the task, subjects consistently preferred decks with low punishment frequency 

and tried to avoid decks with a high punishment frequency from the beginning of 

the task, while they needed to gradually learn to prefer the safe decks and avoid the 

risky decks. This finding suggests that the learning process in the IGT was only 

induced by the effect of the long-term outcome, and thus provided a response to the 
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critiques on the general assumption of the IGT made by some recent behavioral 

studies, which questioned the way the original task was designed to assess the 

performance of IGT by calculating the difference between safe and risky decks 

which only took into account the long-term outcome. 

 

The comparison of the brain activation during the risky versus the safe choices 

revealed higher activations in a cluster of the medial frontal gyrus, the right-sided 

anterior cingulate cortex (BA 32/24). This finding generally matched the results in 

previous fMRI studies (Lawrence et al. 2009, Fukui et al. 2005), although Lawrence 

et al.’s (2009) study detected more widely distributed activation in the 

middle/superior occipital cortex and other frontal regions such as the dlPFC (BA9, 

46) and the inferior OFC (BA 47). One possible explanation was the age differences 

in the subjects in these studies. Subjects aged from 22 to 57 years old with a mean 

age of 32.7 were recruited in Lawrence et al.’s (2009) study, when younger 

populations aged around 20 years-old were studied in  both Fukui et al (2005) and 

this study. Most importantly, the IGT task in Lawrence et al.’s study was slightly 

different from the original design. Lawrence et al. adjust the punishment frequency 

in all the four decks to be the same, thus they optimized statistical comparison 

between the risky and the safe decks and allowed more sensitive detection on this 

contrast. On the other hand, their results were limited without considering the effect 

of the punishment frequency. 

According to the SMH, the ACC played a role in the biasing function at a 

conscious level, which was guided by knowledge and awareness (Bechara & 
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Damasio 2005).  Evidence from other studies also supported this view of the ACC’s 

function in voluntary or willful decision making. Several studies have implicated the 

function of ACC as an interface between motivation, cognition and action (Hadland 

et al. 2003, Paus 2001, Matsumoto, Suzuki & Tanaka 2003). By conducting the 

ACC lesion study in rhesus monkeys, Kennerley et al. (2006) further proved that in 

such a process, the ACC’s role was guiding voluntary choices from the learnt value 

of selection actions, instead of neither detecting nor correcting errors. The 

comparison between the risky and safe decks did not reveal any specific finding in 

the vmPFC, suggesting that these contrast conditions were matched in terms of the 

demands on the function of the vmPFC, which is emotion-memory integration in the 

SMH framework. 

In the current study, one of the most important questions is how the two factors 

of long-term outcome and punishment frequency interacted to influence subjects’ 

performance on the decks. Consistent with the behavioral finding that subject are 

more likely to learn to prefer decks with positive long-term outcome under the 

condition with a higher punishment frequency, it was found the higher activation in 

ACC before risky choices was dominated in the condition with a high punishment 

frequency. In the context of high punishment frequency (deck A and deck C), 

subjects shift their preference to the safe deck as predicted by the SMH.  However, 

in the context of very low punishment frequency (decks B and deck D), both decks 

seems safe with only occasionally punishment that people fail to distinguish their 

difference on long-term outcome. The recent study by Lin et al. (2013) with three 

runs of the IGT task revealed that subjects could only learn to avoid risky decks 
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with a high punishment frequency in the first two runs of the task and they could 

learn to avoid risky decks with a low punishment frequency in the third run of the 

task. Crone et al. (2005) explained this phenomenon in the way that the infrequent 

punishment was discount as its consequences were forgotten too quickly. Subjects 

need to avoid the risky decks over longer time than the assumption made by the 

original design in the condition with a low punishment frequency. In the SMH 

framework, those negative somatic markers were assumed to be represented in the 

insula and then be translated into response shifting.   

The interaction effect between the long-term outcome and time was examined 

by comparing the main contrast in first half trials and in second half trials separately. 

No significant activity was detected partly due to the inter-subjects variance on the 

learning process.  

 

This study explored the brain areas related to the learning process in IGT by 

comparing brain activation during the first and the second half of the experiment. 

Learning in a crucial aspect in IGT but it has rarely been examined in former studies 

partly due to the averaged block design of most previous fMRI studies. Memory and 

emotion systems including the hippocampus, the parahippocampus, the amygdala 

and the insula cortex were activated higher in the early stage of the task, showing 

that there was a learning process guided by somatic states mainly at the early stage 

of the task.  

The amygdala was the crucial structure for the triggering of the somatic state by 

the primary inducer, which coupled the feature of the primary inducers with the 
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associated somatic states. This function of the amygdala was supported by several 

animal and human studies (Bechara, Damasio & Damasio 2003).  As described 

earlier, once the somatic states were induced, signals from its activation would be 

relayed back to the subcortical and cortical structures and then influence activity in 

several regions. One region was the memory system, so that particular 

representation of response options was reinforced or eliminated in the memory, to 

help bias the options and plans. This process of affectively influenced memory 

happening in the amygdale-parahippocampus-hippocampus circuitry was supported 

by other studies (McGaugh, Cahill & Roozendaal 1996; Richter-Levin 2004).  

 The enacted somatic states also acted on cortical regions such as the insula, 

which help to generate conscious feelings of the somatic states.  Unlike the 

amygdale-parahippocampus-hippocampus circuitry, the function of insula in SMH 

framework is more like a cortical representation of the generated somatic state. 

Existing findings and theories supported the role of the insula in playing a crucial 

role in emotional awareness (Bechara & Damasio 2005). Neuroimaging studies 

discovered  that the activation of the insula were consistently associated with pain 

(Wager et al. 2004), touch (Lindgren et al. 2012), disgust (Calder et al. 2007), 

empathy (Lamm, Decety & Singer 2011, Ebisch et al. 2011), risk and uncertainty 

(Bossaerts 2010) . The activation of insula was also associated with subsequent 

behavior shifting (Paulus et al. 2003; Wrase et al. 2007). Particular in a recent study 

by Wrener et al. (2013), they found that the activation within insula was associated 

with IGT task performance only in individuals who had a high level of interceptive 
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awareness, which indicated that the insula represented the somatic markers more 

strongly with increased interceptive awareness.   

 

There is no higher brain activation in the second half trials when comparing to 

the first half trial. This rough definition of  the task stage by separating it into half 

by half only allowed the exploration on the activity in the earlier stage of the task, 

but not the later stage of the task, as there is notably inter subject variance in terms 

of learning stage. In order to obtain the learning stage of the subjects, there need to 

be physiological measurements during the IGT performance, which can directly 

reflecting the activity level of the somatic marker, and it need to be synchronized 

with the fMRI recording.   

 

As stated in the literature review, there were 3 stages of processes in the 

framework of SMH including generation of the somatic states, cortical 

representation of the somatic stated and biasing behavioral choices by the somatic 

signals. In the SMH framework, conflicting somatic states might sometimes be 

triggered by primary or secondary inducers simultaneously, and signals from their 

activations would then be relayed back to cortical structures such as the insula to 

cause conscious feelings. This would also occur in the memory system, in which the 

stronger or fittest somatic states, would be reinforced while others would be 

eliminated. As a result, an overall positive or negative somatic state would be 

generated and signals to bias the selection responses would be provided. Current 

results mostly reflected the SMH framework: The regions found to reflect 
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behavioral performance (i.e. ACC) is the cortical region for the somatic states to 

influence the selection behaviors; the detected regions reflecting the time effect 

were crucial to the generation and the cortical representation of the somatic state. 
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