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Abstract 

Objective:  The study investigated the relationship between attention deficit hyperactivity 

disorder (ADHD) and polymorphism of the dopamine transporter gene (DAT1) through 

the use of performance-based measures of affective decision-making and response 

inhibition in children with and without ADHD.  The effect of diagnostic group and 

genetic group on sensitivity to reward and punishment was also explored in relation to the 

dual pathway model of ADHD. 

Method:  Performance on the Iowa Gambling (IGT) and Go/No-go Tasks was assessed in 

children aged 8-14 in four subgroups – ADHD-9/10 DAT1, ADHD-10/10 DAT1, 

Control-9/10 DAT1, and Control-10/10 DAT1 – matched in age, gender, and IQ. 

Results:  All four subgroups performed similarly on both experimental tasks; there were 

no significant differences of diagnostic group or genetic group for performance on the 

IGT and Go/No-go.  No significant differences in sensitivity to reward or punishment 

were found, nor were any subjects more or less likely to switch between decks during the 

IGT.  Mean RT and Deck Ratings also did not differ.  Performance on the two tasks was 

correlated, suggesting that a possible association between the EF and Reward pathways 

of the dual pathway model exists. 

Conclusions:  The findings suggest that children with ADHD and/or the 10/10-repeat 

allele of DAT1 do not exhibit decision-making or inhibitory response impairments.  

However, the small sample size greatly affected the significance of many expected 

trends.  Further exploration of the use of the IGT and Go/No-go in relation to ADHD and 

the DAT1 gene are necessary.
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1. Introduction 

Attention-deficit hyperactivity disorder (ADHD) is a common childhood 

cognitive and behavioral developmental disorder that affects between 3 and 5% children 

nationwide (Barkley, 1998).  Children with ADHD typically experience a number of 

social difficulties, which often continue into adolescence and even adulthood.  It is 

characterized by behavioral deficits in inattention and hyperactivity/impulsivity 

(American Psychiatric Association, 2000), and the DSM-IV ADHD-rating scale reflects 

these two measures. 

 
1.1 Current Model of ADHD: The Dual Pathway 

Despite the prevalence of ADHD, much of its cognitive underpinnings are not 

well understood.  Though there have been attempts to classify particular subtypes of 

ADHD, the wealth of research on this disorder has suggested that these categories may 

not be particularly meaningful in light of its neural and behavioral complexity.  Two 

competing lines of thought have been proposed as a way of explaining the behavioral 

symptoms exhibited by those with ADHD.  The first and dominant view defines ADHD 

by executive dysfunction, primarily centered on deficits in response inhibition (Barkley, 

1997; Sonuga-Barke, 2003; Bayliss & Roodenrys, 2000).  Supporting lines of research 

have shown that ADHD participants have impaired performance in tasks involving higher 

order processes such as attention switching, interference suppression, working memory, 

and response inhibition.  More recent experimental research, however, has identified 

motivational deficits associated with reward-related mechanisms in those with ADHD 

that are functionally and neurologically distinct from the brain circuits related to this first 

theory.  These deficits are best shown by the strong tendency for delay aversion in 
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ADHD populations, meaning that individuals with ADHD are inclined to avoid delayed 

reward and tend to act in ways that reduce the amount of time before that reward is 

received.  In this second view, the symptoms of inattention, impulsivity, and 

hyperactivity that characterize ADHD are behavioral expressions of this motivational 

dysfunction, rather than direct cognitive dysregulation (Sonuga-Barke 2003).  Evidence 

now indicates that ADHD is caused by deficits in both of these two distinct prefrontal-

subcortical neural networks, that are not completely separate but rather two independent 

coexisting pathways of a single conceptual framework (Sonuga-Barke, Dalen & 

Remington, 2003; Crone, Jennings & van der Molen, 2003).  Together, these 

conceptually similar, but functionally distinct neural networks compose the 

heterogeneous nature of ADHD (Sonuga-Barke 2003). 

 
Executive Function (EF) Pathway 

The Executive Function pathway is altered in those with ADHD and is described 

by a dysregulation of thought and action caused by impaired inhibitory control (Sonuga-

Barke, 2003).  This dysregulation, furthermore, is purely cognitive in character and has 

been labeled as “cool” cognitive control (Zelazo, Muller, Frye & Marcovitch, 2003).  

Neuroatomically, these deficits are associated with the functionally distinct meso-cortical 

branch of the dopaminergic system (Sonuga-Barke; Goldman-Rakic, 1992).  It involves 

both frontal and prefrontal regions, or more specifically, the dorsolateral prefrontal cortex 

(DL/PFC) and dorsal neostriatum (caudate) with connections from the basal ganglia and 

dorso-medial thalamus (Rubia et al., 1999; Toplak, Jain & Tannock, 2005; Sonuga-Barke 

2003).  Extremely useful and predominantly “process-pure” tests of inhibition include the 

stop signal and Go/No-go paradigms, where participants try to respond in the shortest 
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amount of time to a given stimulus unless a stop signal is displayed, in which case the 

participant must inhibit their response.   

 
Reward Pathway 

The Reward pathway deficits in those with ADHD are not thought to be cognitive 

dysfunctions in and of themselves, but rather as secondary characteristics of a 

motivational bias (Sonuga-Barke, 2002).  A number of studies have explored reward 

responsivity in individuals with ADHD, which have identified impairments in several 

reward-related mechanisms, including reinforcement learning (Kollins, Shapiro, Newland 

& Abramowitz, 1998; Tripp & Alsop, 1999, 2001), delay aversion (Douglas & Parry, 

1983; Sonuga-Barke, Taylor, Sembi & Smith, 1992; Solanto et al., 2001), and sensitivity 

to reward and punishment (Tripp & Alsop, 1999; Luman, Oosterlaan & Sergeant, 2005; 

Carlson & Tamm, 2000; Cunningham & Knights, 1978; Firestone & Douglas, 1975; 

Worland, 1976; Sagvolden, Aase, Zeiner & Berger, 1998).  These findings have led to a 

reward dysfunction theory of ADHD (Haenlein & Caul, 1987; Sagvolden, Johansen, 

Aase & Russell, 2005), with ADHD individuals having a weaker network connecting 

response to reward.  A great deal of research has focused on delay aversion, even though 

it is only one particular way in which an impaired motivational style manifests itself in 

people with ADHD. Researchers have used experiments exploring delay aversion to link 

the cognitive reward-based processing deficits of ADHD with its behavioral symptoms, 

showing how neural deficits in those with ADHD are manifested through actions. These 

links have warranted extensive research to explore this topic.  This tendency to avoid 

delay (i.e. favoring immediate reward and biasing decisions that reduce the amount of 

time before a reward is received) has been revealed in ADHD populations of varying age 
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groups.  In a choice between immediacy and delay, both children and adults choose 

immediacy (Sonuga-Barke et al., 1992; Kuntsi, Oosterlaan & Stevenson, 2001).  In this 

way, they discount the value of future events compared to controls and are therefore less 

able to incorporate the overall history of reinforcement into their decision-making. 

Evidence has indicated that these differences are the result of neurological deficits 

in the brain system mediating reward (Johansen, Aase, Meyer & Sagvolden, 2002).  This 

system involves the ventral-striatum (nucleus accumbens), with projections from the 

orbitofrontal cortex, anterior cingulate, and amygdale (Ernst et al. 2002; Elliott, Rees & 

Dolan, 1999; Rogers et al., 1999; Elliott, Friston & Dolan, 2000; Knutson, Adams, Fong 

& Hommer, 2001; Robbins & Everitt, 1992, 1996).  Like the EF pathway, the Reward 

pathway is also mediated by dopamine; the meso-limbic dopamine branch is implicated 

in such reward-related processes (Sonuga-Barke, 2003).   

Since the cognitive deficits in the executive function reduce the amount of 

effective task processing time, experimental evidence suggesting reward-related 

impairments may, in fact, appear to be another result of an abnormal EF pathway.  

However, a double-dissociation between delay aversion and impaired inhibitory control 

has been revealed (Crone, Jennings & van der Molen, 2003; Sonuga-Barke, Dalen & 

Remington, 2003), countering this suggestion and indicating that impairments in delay 

aversion occur irrespective of any deficits in inhibition.  Others, too, have distinguished 

these alterations in reward processes by calling it motivational inhibition (Nigg, 2000, 

2001) or simply “a different kind of inhibition” (Geurts, der Oord & Crone, 2006).  

Regardless of the label or distinction one makes, there is increasing support that suggests 

that the deficits in individuals with ADHD engaging in tasks involving reward and 



  Decision-making, ADHD and DAT1 

 7 

punishment are not sufficiently explained by the cognitive impairments related to 

executive dysregulation (Willcutt, Doyle, Nigg, Faraone & Pennington, 2005; Wilens, 

Biederman, Mick, Faraone & Spencer, 1997; Loge, Staton & Beatty, 1990).  Thus, 

differences in reward processing brain systems are an added impairment compounded to 

those responsible for altered response inhibition.  These differences, furthermore, are 

expressed as functional impairments, not cognitive ones; Zelazo et al. (2003) make this 

distinction by classifying these affective processing deficits (that is, those with an 

emotional component and frequently involving reward and punishment) as “hot” 

cognitive control.   

 
1.2 Decision-making and ADHD 

Higher order cognitive abilities and reward-related networks are often called upon 

during decision-making.  One particular experimental paradigm, called the Iowa 

Gambling Task (IGT), was designed to simulate real life decision-making processes 

through a manipulation of reward, punishment, and uncertainty (Bechara, Damasio, 

Damasio & Anderson, 1994).  First studied in patients with ventromedial/orbitofrontal 

prefrontal cortex (VM/OFC) lesions because of the relationship of these regions to 

emotional and affective responsivity, this task requires the ability to continuously respond 

to an ongoing reinforcement contingency of rewards and punishments.  In the original 

task, participants are presented with four decks of cards from which they select a single 

card at a time.  When a card is chosen, the participant always wins money, but sometimes 

loses money as well.  The magnitude of the reward and the frequency and magnitude of 

the punishment are manipulated into four conditions represented by each of the decks 

(See Figure 1).  Two decks are considered advantageous in that they have small 
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immediate reward ($.50 per card) but also less overall punishment, resulting in a net gain 

of $2.50 for every block of 10 cards.  The other two decks, on the other hand, are 

disadvantageous because of the long-term loss associated with them: there is a greater 

immediate reward ($1.00 per card) but more severe penalties ($2.50 net loss for every 

block of 10 selections) as well.  One deck in each of these two pairs contains a high 

frequency of punishment (1 penalty per 10-card block), while the other is associated with 

a low frequency of punishment (5 penalties per 10-card black).  Participants are 

instructed to maximize their gains, and do not know the number of cards they will select 

during the entirety of the task.  An individual engaged in this task, then, must have the 

ability to incorporate previous feedback reinforcement into their decision-making.  This 

process is done implicitly and generally without the knowledge of the participant; 

Bechara has divided levels of awareness into four separate groups – guess, prehunch, 

hunch, and conceptual – with most VM/OFC patients never reaching this final stage.     

Both VM/OFC lesioned participants and comparison controls initially biased the 

greater immediate rewards of the two disadvantageous decks, however, over time 

controls more than VM/OFC patients tended to gradually favor the advantageous decks 

(Bechara, Tranel, Damasio & Damasio, 1996).  These findings have been replicated 

extensively in a number of other populations, including both psychological disorders and 

pathological drug abusers (Bechara et al., 2001; Blair, Colledge & Mitchell, 2001; Grant, 

Contoreggi & London, 2000; Mazas, Finn & Steinmetz, 2000; Petry, Bickel & Arnett, 

1998). 

The exact causes of these observed deficits in performance are unclear because of 

the complexity of the task and the number of brain functions and processes that are 
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utilized.  Impaired performance on the task, too, may be the result of different underlying 

cognitive and behavioral alterations for each of the populations that has been studied.  In 

both VM/OFC lesioned patients (Bechara, Damasio, Tranel & Anderson, 1998) and 

individuals with ADHD (Toplak et al., 2005), a double dissociation between performance 

and working memory has been isolated, indicating that this particular executive function 

is not responsible for these populations’ impaired performance on the task.  Specifically, 

both of these studies showed that there was no relationship between performance on the 

IGT with performance-based measures of working memory.  Ernst et al. (2003a) also 

reported that performance on the IGT did not correlate with performance on the 

Wisconsin Card Sorting Task, a measure of choice and executive function (Heaton, 

Chelune, Talley, Kay & Curtiss, 1993) mediated by the DL/PFC (Berman et al., 1995).  

The role of IQ on IGT performance is less clear, as studies have argued both for (Ernst et 

al.) and against (Toplak, Rucklidge, Hetherington, John & Tannock, 2003; Bechara et al., 

1994) its involvement.   

Ultimately, a consideration of the decision-making and IGT research studied in 

populations with ADHD is the most relevant, but the number of similarities between 

VM/OFC lesioned patients and individuals with ADHD (sensitivity to reward: Frick, 

1998; Tripp & Alsop, 2001; and reversal learning: Fellows & Farah, 2003; Hornak et al., 

2004) suggests that studies involving this group may have meaningful application to 

ADHD populations.  Additionally, this argument is supported by evidence indicating that 

cognitive deficits in VM/OFC brain circuits are related to ADHD, and by neuroimaging 

studies that have linked this brain region with the motivational bias indicated by IGT 

performance. 
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Previous studies have explored the effect that ADHD has on performance in the 

Iowa Gambling Task for these reasons, but this research is also relevant because of the 

behavioral observation that individuals with ADHD have a tendency to engage in 

impulsive or risky decision-making.  This has focused attention towards the dual pathway 

model of ADHD, which has argued that executive dysfunction and reward-related deficits 

are functionally separate.  Parsing higher order processes from reward responsivity within 

the IGT allows for the study of motivational bias in individuals with ADHD that is 

functionally independent from any direct executive function impairments. 

ADHD and the Iowa Gambling Task have had increasing interaction in recent 

years.  The IGT has been used previously in adolescents with and without ADHD to 

compare task performance for these two groups, and to determine whether or not the IGT 

could even be used in this younger population (Ernst et al., 2003a).  Although the IGT 

was used successfully in adolescents, differences in performance between the two 

diagnostic groups were not seen during the participants’ first encounter with the task 

(significant differences manifested themselves only after participants were retested one 

week later, when those with ADHD showed significantly worse performance on the task 

than controls).  Ernst et al. (2003b) have also explored its use in adults with ADHD via 

an imaging study designed to evaluate both behavioral and neurological differences in 

reward-related mechanisms.  This group found no significant behavioral differences in 

task performance, consistent with their previous study.  However, ADHD and 

comparison controls engaged in different brain circuitry during the task, suggesting that 

these two groups utilize different neurological strategies for making affective decisions. 

In particular, those with ADHD engaged a less extended network of brain structures than 
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comparison controls, failing to activate areas like the hippocampus and the anterior 

cingulate (structures associated with complex emotion-related processes) as would be 

expected. The IGT was also investigated in younger populations of children with ADHD 

(Garon & Moore, 2006).  Differences were found to be significant between the ADHD 

and control participants, though it is important to note that the experiment used a 

simplified adaptation of the original (instead of numbers, pictures of animals were used to 

denote rewards and punishments.  These pictures corresponded to the gain and loss of 

“tokens” which could be redeemed for stickers, candy, and toys at the end of the task).  In 

another study of the use of IGT in children (aged 8-12), no differences in performance 

were found despite predictions of such (Geurts et al., 2006).  Other evidence contradicts 

these findings in a slightly older population (Toplak et al., 2005), again revealing 

impaired performance by individuals with ADHD compared to controls.  The 

inconsistency of previous research on the use of the IGT in children with ADHD makes it 

unclear how they will perform in the present study. 

 Although participants with ADHD do not exhibit consistent impairments in 

performance on the task, Bechara, Tranel & Damasio (2000) have suggested three 

underlying causes of why an individual might perform poorly.  Of the three – 

hypersensitivity to reward, insensitivity to punishment, and insensitivity to future 

consequences – this group found that the decreased performance revealed in VM/OFC 

patients is likely due to an insensitivity to future consequences, meaning that these 

individuals’ decisions are guided primarily by the immediate rewards or punishments 

they receive.  Geurts et al. (2006) tested these findings in ADHD and comparison 

controls but found that both groups were able to successfully anticipate the future 
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consequences of their decisions; findings from a similar study by Crone et al. (2003) 

suggest that ADHD individuals, unlike VM/OFC patients, do not exhibit this sensitivity 

to future consequences.  The nature of reward-related sensitivity in the IGT thus has yet 

to be resolved in ADHD populations. 

 Another concern with performance on the IGT may be related to one’s ability to 

switch between decks during the task.  Although impairments in task-switching have 

been shown in individuals with ADHD (Pennington & Ozonorf, 1996; Sergeant, Geurts 

& Oosterlaan, 2002; Cepeda, Cepeda & Kramer, 2000), these deficits do not necessarily 

extend to switching within the IGT.  Geurts et al. (2006) have confirmed that ADHD 

individuals’ switching during the IGT does not differ significantly from controls.  

However, in light of inconsistent findings related to this task, more investigation 

regarding deck switching would be useful. 

 
1.3 Individual Genetic Differences 

Currently, what is lacking in this review is a consideration of individual genetic 

differences.  Sagvolden et al. (2005) have proposed a dynamic developmental model of 

ADHD which argues that hypofunctioning dopamine branches in ADHD individuals 

contribute to their behavioral symptoms of inattention, hyperactivity, and impulsivity.  

Sonuga-Barke (2003) argues that this model overemphasizes the one-to-one links 

between neurological processes and behavioral expressions of cognitive impairments.  

The importance of dopamine in the dual pathway model has been discussed previously as 

a key player in both the Executive Function pathway and the pathway mediating reward, 

and Sonuga-Barke (2002, 2003) argues that deficits in these two dopamine branches 

underlies the functional impairments of the two pathways. 
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Perhaps the strongest evidence for the significant role of dopamine in ADHD 

deficits is the use and function of methylphenidate (MPH) as the drug most often 

prescribed in its treatment (Swanson, Lerner & Williams, 1995).  MPH changes the levels 

of dopamine in the brain by blocking the dopamine transporter (DAT; Volkow et al., 

1998; Ding et al., 1995), which removes extracellular dopamine through its reuptake 

from the synaptic gap (Giros, Jaber, Jones, Wightman & Caron, 1996).  MPH works well 

in individuals with ADHD because it increases the level of extracellular dopamine 

(Volkow et al., 2001) helping to counteract the increased level of DAT found in ADHD 

participants compared to controls (Dougherty et al., 1999; Krause, Dresel, Krause, Kung 

& Tatsch, 2000; van Dyck et al., 2002).  Greater DAT availability is confirmed by the 

more effective binding of MPH in the striatum of those with ADHD compared to controls 

(Cheon et al., 2003; Dougherty et al.; Dresel et al., 2000; Krause, Dresel, Krause, 

LaFougere & Ackenheil, 2003; Spencer et al., 2005). 

With converging evidence implicating dopamine as an important component of 

ADHD dysfunction, researchers have begun to investigate connections between ADHD 

and dopamine-mediating genes (Kirley et al., 2002).  One line of research has explored 

the relationship between the polymorphism of the dopamine transporter gene (DAT1) and 

DAT, with contradicting evidence both supporting (Heinz et al., 2000) and disconfirming 

(Jacobsen et al., 2000) the assertion that those with the 10/10-repeat variety of DAT1 

corresponds to an increase in the density of DAT.  In other words, there have been 

inconclusive findings in identifying which alleles of DAT1 relate to higher or lower 

densities of DAT in the brain.  DAT1 has been associated with both hyperactivity 

(Waldman et al., 1998; Mill et al., 2005) and impulsivity (Cornish et al., 2005; Loo et al., 
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2003), and specific polymorphisms of the gene have been linked to ADHD; the 10/10-

repeat variety of DAT1 has been reported to exist in ADHD individuals at a higher 

proportion than other variations (Barr et al., 2001; Chen et al., 2003; Waldman et al.) but 

not consistently (Holmes et al., 2000; Palmer et al., 1999; Roman et al., 2001).  The 

ambiguity of these results demands further research on the relationship between DAT1 

and ADHD. 

   
1.4 Present Study 

The present study seeks to explore the relationship between ADHD and the DAT1 

genotype through performance-based measures of affective decision-making (IGT) and 

response inhibition (Go/No-go).  In addition, this research will add further evidence to 

the contradictory findings in a number of areas related to the use of the Iowa Gambling 

Task in individuals with ADHD.  The above review has led to several specific research 

questions: For the Iowa Gambling Task, (1) Are there diagnostic or genetic group 

differences in sensitivity to reward?; (2) Are there diagnostic or genetic group differences 

in sensitivity to punishment?; (3) Are there diagnostic or genetic group differences in 

how fast card selections were made?; (4) Are there diagnostic or genetic group 

differences in the ability to switch from one deck to another?; (5) Are there diagnostic or 

genetic group differences in which decks were perceived to be the best?; for the Go/No-

go Task, (6) Are there diagnostic or genetic group differences in response inhibition?; (7) 

Are there diagnostic or genetic group differences in sustained attention to the task?; (8) 

Are there diagnostic or genetic group differences in how fast responses were made?; and 

for both (9) Is there a relationship between performance on the two paradigms?  
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Although previous research has proved inconclusive in determining the nature of 

any potential deficits in the Iowa Gambling Task, we predict results to corroborate the 

motivational dysfunction illustrated by Sonuga-Barke et al. (2003).  For this reason, our 

expectation is that ADHD individuals will be more susceptible to selecting 

disadvantageously, and will therefore perform more poorly on the task than comparison 

controls.  Furthermore, in line with findings from Geurts et al. (2006), no differences in 

deck switching are predicted.  Performance on the Go/No-go Task should be consistent 

with Schultz et al. (2004), who found impaired performance in an ADHD group 

compared to controls.  Finally, we expect to support the dual pathway model by finding 

no correlation between task performance on these two paradigms.  As indicated 

previously, ADHD has been associated with the 10/10-repeat allele of the DAT1 gene, 

and we therefore predict to find dissimilar trends in measures of performance and 

sensitivity on the two tasks for 10/10 DAT1 participants compared to 9/10 DAT1 

participants, with impaired performance by those with the 10/10 variety.  The 10/10-

ADHD subgroup is therefore expected to perform worst on both tasks.  

 
2. Method 

2.1 Participants 

Twenty-seven children were recruited for this study (17 male, 10 female, mean 

age = 12.2, range 8-14) from a database of children and young adolescents who had 

participated in previous studies through the Developmental Cognitive Neuroscience 

Laboratory at Georgetown University.   

Children were classified by two independent measures: diagnostic group (ADHD 

and control) and genetic group (9/10 DAT1 and 10/10 DAT1).  Four subgroups of 
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children therefore participated: ADHD-9/10 (n=6), ADHD-10/10 (n=7), Control-9/10 

(n=7), and Control-10/10 (n=7).  Participant characteristics are included in Table 1.   

Oneway ANOVAS of Age and IQ showed no significant differences across the four 

subgroups (Age, p=.74; IQ, p=.82).  A Chi-Square test revealed no group differences of 

Gender as well (p=.458).  Thus IQ, Age, and Gender did not enter as covariates in this 

study.  Participants in the two ADHD subgroups were well matched for the ADHD rating 

scale [no differences found for both inattention (p=.95) and hyperactivity (p=.65) 

subscores] and the number of hours before testing that participants with ADHD withheld 

medication (p=.20).  All participating children were native English speakers and no one 

tested was excluded.  Written informed consent to participate was obtained from a parent 

or guardian of each child before testing, and all participants gave assent to take part in 

this research.  All ADHD participants were on methylphenidates (Ritalin or Concerta), 

which were withheld at least 24 hours prior to administration of the tasks. 

Participants were compensated $10 for each hour that they participated in the 

study. They were also told that they had the chance to win an additional gift certificate, 

which provided incentive for good performance on the administered Iowa Gambling Task 

(IGT).  All participants received this promised $10 gift certificate regardless of their final 

net score. 

 
2.2 Experimental Tasks and Procedure 

Participants were first asked to complete an assent to participate form approved 

by the Georgetown Institutional Review Board.  Since all participants were minors under 

the age of 18, a parent or guardian of each participant was asked to give informed consent 

for their child to participate in the study.  This parent or guardian then completed a 
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demographic background questionnaire.  The ADHD-rating scale, IQ evaluation, and 

genetic testing were all administered previously. 

 
Iowa Gambling Task (IGT) 

Affective decision-making task.  This task is a computerized adaptation created using E-

prime and based on the original gambling task developed by Bechara et al. (1994) to 

simulate real life decision-making in the context of reward, punishment, and uncertainty.  

Four decks positioned side by side on the screen were labeled  A-B-C-D on the top of 

each, from which the participant could select by pressing v-b-n-m on the keyboard 

respectively (see Figure 1).  The participants chose cards one at a time from any pile, and 

could switch at will from deck to deck as they wished.  The computer tracked the selected 

cards and the amount of time it took to make each selection.  After a card was selected, 

the face of the card turned black or red and the participant was notified by a message 

positioned above the four decks that indicated how much money they won or lost.  If the 

card was selected before 2000 ms, the face of the card was not shown until the full 2000 

ms had elapsed.  If the selection was made after 2000 ms, the face of the card was shown 

immediately.  This was done to prevent participants from making excessively rapid 

selections.  After the message flashed for 1000 ms, the face of the card disappeared and 

the participant could select another card.  Throughout the duration of the task, their total 

amount of play money was displayed. 

The task continued until 100 cards had been chosen, although the participant was 

not aware of how many trials he or she was required to complete.  After 100 card 

selections had been made, the task ended and the participant was shown a high score 

table pre-programmed to display their score at the top (this was done in order to justify 
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awarding the $10 gift certificate to every participating child).  To determine a 

participant’s performance, we added the number of selections from decks C and D and 

separately added the number of selections made from decks A and B, subtracting the 

second value from the first.  Each deck was pre-programmed to contain 40 cards.  If a 

participant reached this number in any given deck, he or she received a message 

instructing them that the deck no longer contained any cards and that they should 

therefore select from one of the other remaining decks.  In practice, this rarely occurred. 

To simulate a real deck of cards, the backs of each card matched the same design.  

The reward schema of wins and losses was the same for each participant and pre-

programmed in advance to match that of the original 1994 Bechara et al. study, however, 

exact values were of base .10 instead of base 10 (e.g. rewards for decks A and B were 

$1.00 per selection instead of $1000 as in the original.  The relative sizes of all rewards 

and punishments were, however, consistent with the original).  The decision to switch 

from pile to pile in this task was greatly influenced by the reward/punishment schedules 

that were set in such a way so that two decks of cards (A and B) yielded high immediate 

gains but larger future losses, i.e. long term gain, while the other two decks (C and D) 

yielded lower immediate gains but smaller future loss, i.e. long term gain.  For deck A, 

every 10 cards resulted in a net loss of $2.50 with $10.00 in gains and $12.50 in losses, 

spread across five randomized punishments ranging from $1.50 to $3.50.  For deck B, 

every 10 cards resulted in a net loss of $2.50 with $10.00 in gains and $12.50 in losses as 

a result of one unpredictable punishment.  For deck C, every 10 cards resulted in a net 

gain of $2.50 with $5.00 in gains and $2.50 in losses, spread across five randomized 

punishments ranging from $.25 to $.75.  For Deck D, every 10 cards resulted in a net gain 
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of $2.50 with $5.00 in gains and $2.50 in losses as a result of one unpredictable 

punishment.  Decks A and B, then, had larger immediate rewards associated with each 

card ($1.00 per selection) compared to decks C and D ($.50 per selection).  Furthermore, 

decks A and B were equivalent in net losses and decks C and D were equivalent in net 

gains. 

The frequency of punishments, however, was what distinguished A from B and C 

from D.  Decks A and C had a higher frequency of punishments (5 for every 10 trials; 

“High frequency”) compared to decks B and D (1 for every 10 trials; “Low frequency”).  

This resulted in four different conditions for each of the decks, varied by their long-term 

value and punishment frequency.  The long run losses of decks A and B made them 

“disadvantageous”; the long run gains of decks C and D make them “advantageous”.  In 

this way, participants favoring decks A and B were thought to be engaging in risky 

decision-making, while those favoring decks C and D, on the other hand, were believed 

to be non-risky decision-makers in this task. 

Each time a participant selected a card, then, he or she would win $1.00 if a card 

was chosen from deck A or B and $.50 if a card was chosen from deck C or D.  If the 

participant won money, a message “You won X dollars” was displayed; if a participant 

lost money, a message “You won X dollars, but lost Y dollars” was displayed (See Figure 

1).  Though the participant was informed in advance that the colors of the cards were 

meaningless, selected cards turned black if the participant only won money, and turned 

red sometimes when the participant incurred losses and sometimes when the participant 

won money.  The exact pattern was determined by the order of values listed in Table 2.  

If the square in the table has a “0” or a negative value, the face of the card was red; all 
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blank squares corresponded to a black-faced card.  On some of the cards, therefore, 

participants would win money and lose money simultaneously, and on others participants 

would only win money.  Over time, selections from decks A and B netted a loss 

(disadvantageous decks) and selections from decks C and D netted a gain (advantageous 

decks).  These characteristics model Bechara et al.’s original design (1994) as well as 

Bechara, Damasio, Damasio & Lee’s computerized analogue (1999). 

To prepare participants for this task, each was presented with the same set of 

instructions, which were administered both visually (on the screen in front of them) and 

orally.  An understanding of these instructions was ensured before continuing with the 

task. 

 
- In front of you on the screen are four decks of cards A, B, C and D. 

- I want you to select one card at a time, by pressing v, b, n, or m. 

- Each time you select a card from a deck, the color of the card turns red or black 

and the computer will tell you that you won some play money.  I won't tell you 

how much play money you will win.  You will find out as you go along. 

- Every so often, however, when you choose a card, the computer tells you that 

you won some play money, but then it says that you also lost some play money.  I 

won't tell you when you will lose or how much you will lose.  You will find out 

along the way. 

- You are absolutely free to switch from one deck to another any time you wish. 

The goal of the game is to get the high score by winning the most money. I won't 

tell you how long the game will continue. You must keep playing until the 

computer stops. 
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Participants were then allowed to practice briefly, making five card selections that 

would not affect their performance or net score in the main experimental task itself.  This 

practice round was distinguished from the main task by not giving the participant any 

initial play money to start, by having a reward contingency that operated on base 10, and 

by having decks with different colored backs.  After the five cards had been picked, the 

following instructions were displayed: 

 
- You will start the game with $20.00.  At the end, we will see how much you 

won or lost. 

- It is important to know that the colors of the cards mean nothing in this game. 

- The computer does not make you lose play money at random.  However, there is 

no way to figure out when the computer will make you lose. 

- All I can say is that you may find yourself losing play money on all of the decks, 

but some decks will make you lose more than others.  You can win if you stay 

away from the bad decks. 

 
The $20.00 loan of play money was given to all participants to begin the main 

task, and everyone was encouraged to maximize their gains.  Participants were also 

reminded that a $10 gift certificate would be awarded for good performance on this task, 

in order to provide an added incentive for them to do as well as they could. 

After completing the task, all participants filled out a debriefing questionnaire 

which asked them to rate each deck on a scale of 1 (dislike) to 10 (like) and to give a 

brief description of why they scored each deck the way that they did.  This was done in 
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order to assess participants’ perceived sensitivity to the reward/punishment contingencies 

associated with each of the decks. 

 
Go/No-go 

Behavioral inhibition task.  The computerized Go/No-go paradigm is a behavioral 

measure of response inhibition in which participants must respond in the shortest amount 

of time to target stimuli (Go trial) while inhibiting a response to certain other stimuli (No-

go trial).  The computer recorded all responses and the time it took for participants to 

make them.  Go and No-go trials were presented in 16 alternating blocks of eight target 

stimuli until a total of 128 stimuli had been displayed, however, participants were 

unaware of this structure.  Each No-go block of stimuli contained exactly two No-go 

trials (25% trials in block) that were pseudorandomized in order to prevent two No-go 

trials from occurring in succession.  No-go trials were completely absent within the 

alternating Go block.  Overall, the task was composed of 112 Go trials (87.5%) and 16 

No-go trials (12.5%).  The stimulus used for No-go trials was always an “X”, while Go 

trials were represented by any letter other than “X.”  The order of the stimuli was 

randomized in the same pattern for all participants.    All participants were instructed to 

respond as quickly as possible to any non-“X” stimuli, and to withhold a response for all 

“X”s. 

 
3. Results 

The dependent measure for the Go/No-go paradigm included the number of errors 

of commission (responding to an “X” stimulus), the number of errors of omission (not 

responding to a non-“X” stimulus), and the reaction times of all responses; the dependent 
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measures of the Iowa Gambling Task were the total number of cards selected from each 

of the four decks, the number of switches a participant made between decks, and the 

reaction times for cards selected from each deck. 

 
3.1 Task Performance and Sensitivity on the IGT 

 
Net Score and Long-Term Value 

Are there diagnostic or genetic group differences in sensitivity to reward? 

[Disadvantageous (A and B) vs. Advantageous (C and D)] 

The mean and standard deviations of all card selections from Disadvantageous 

and Advantageous decks are listed in Table 3.  Consistent with previous research using 

this task, a Net Score was calculated as a measure of performance by calculating the 

difference between the number of cards chosen from advantageous decks (C and D) and 

the number of selections from disadvantageous decks (A and B).  The total number of 

selections from each pair of decks corresponds to its Long-Term Value (Disadvantageous 

or Advantageous), and the Net Score is equal to the total number of Advantageous 

selections minus the total number of Disadvantageous selections.  If this number is 

greater than 0, participants selected advantageously overall; if this number is less than 0, 

participants selected disadvantageously.  Since the number of selections from 

disadvantageous decks determines the number of selections from advantageous decks 

(and which together, in turn, determine the Net Score), these values are also indications 

of performance on the task.  This method of evaluating task performance is appropriate 

because deciding optimally on the IGT involves balancing immediate and long-term 
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rewards, favoring those decks that will result in overall gain rather than being tempted by 

those that provide greater immediate reward. 

For Net Scores, data was analyzed using a factorial 2 (Diagnostic group: ADHD 

vs. Control) x 2 (Genetic group: 9/10 DAT1 vs. 10/10 DAT1) analysis of variance 

(ANOVA, See Figure 2).  No significant differences in Net Score for Diagnostic group 

(p=.39) or Genetic group (p=.50) were found, and an interaction of these two between 

subject variables was also shown to be non-significant (p=.46).  This indicates that no 

groups performed any better than the others on this task as a whole, and that a 

participant’s Diagnostic group and Genetic group did not factor into whether or not they 

decided disadvantageously.   

A mixed 2 (Diagnostic group: ADHD vs. Control) x 2 (Long-Term Value: 

Disadvantageous vs. Advantageous) x 2 (Genetic group: 9/10 DAT1 vs. 10/10 DAT1) 

ANOVA confirmed that overall, there were no main effects of diagnostic group (p=.38) 

or genetic group (p=.47) for both Disadvantageous and Advantageous decks.  This 

analysis also revealed no main effect of Long-Term Value; that is, there was no 

significant difference in the number of cards selected from the Disadvantageous decks 

compared to Advantageous decks (p=.19).  Furthermore, no significant interactions 

between Long-Term Value and Diagnostic group (p=.31) or Long-Term Value and 

Genetic group (p=.44) were found, and a three-way interaction of these variables was 

also shown to be non-significant (p=.49).   This indicates that no groups selected 

significantly more or less from Disadvantageous decks compared to Advantageous decks 

than the others, and that a participant’s Diagnostic group and Genetic group did not factor 

into their sensitivity to reward.  There was no correlation between task performance (as 
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measured by Net Score) and Age (p=.59), however, a significant correlation did exist 

between Net Score and IQ [r(23)=.70, p<.01].  This correlation suggests that performance 

on the IGT gets better as participant IQ increases. 

 
Frequency 

Are there diagnostic or genetic group differences in sensitivity to punishment? [High 

frequency decks (A and C) vs. Low frequency decks (B and D)] 

The mean and standard deviations of all card selections from High frequency and 

Low frequency decks are listed in Table 3.  The two ‘High frequency’ decks (A and C) 

had a higher frequency of punishments (5 for every 10 trials) compared to the ‘Low 

frequency’ decks (B and D) which had only a single punishment for every 10 trials.  If 

participants selected more often from Low frequency decks, this would suggest that they 

were sensitive to the frequency of punishment, since they would be attempting to avoid 

decks involving a high occurrence of penalties.  If, on the other hand, participants 

selected more often from High frequency decks, this would suggest that they were 

sensitive to the magnitude of punishment, since they would be selectively avoiding decks 

with the potential for a large penalty in a single card. 

Data was analyzed using a mixed 2 (Diagnostic group: ADHD vs. Control) x 2 

(Frequency: High frequency vs. Low frequency) x 2 (Genetic group: 9/10 DAT1 vs. 

10/10 DAT1) ANOVA.  No significant interactions between Frequency and Diagnostic 

group (p=.17) or Frequency and Genetic group (p=.48) were found, and a three-way 

interaction of these variables was also shown to be non-significant (p=.75).  This 

indicates that no groups selected any more or less from High frequency decks compared 

to Low frequency decks than the others, and that a participant’s Diagnostic group and 
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Genetic group did not factor into their sensitivity to punishment.  Overall, there was a 

significant difference in the number of cards selected from the Low frequency decks 

compared to High frequency decks [F(1, 26) =7.18, p<.05], indicating a main effect of 

Frequency.  Significantly more cards in the Low frequency condition were chosen, 

indicating that participants may be sensitive to the frequency of punishment rather than 

its magnitude. There were no main effects of diagnostic group (p=.14) or genetic group 

(p=.27) for both High Frequency and Low Frequency decks.   

 
Mean RT 

Are there diagnostic or genetic group differences in how fast card selections were made? 

(Overall, A vs. B vs. C vs. D) 

The mean and standard deviations of Mean RT overall and individually for each 

of the four decks are listed in Table 3.  For individual deck reaction times, data was 

analyzed using a mixed 2 (Diagnostic group: ADHD vs. Control) x 4 (Deck Selections: A 

vs. B vs. C vs. D) x 2 (Genetic group: 9/10 DAT1 vs. 10/10 DAT1) ANOVA.  No 

significant interactions between Mean RT and Diagnostic group (p=.09) or Mean RT and 

Genetic group (p=.22) were found, and a three-way interaction of these variables was 

also shown to be non-significant (p=.06).  The Mean RT across the four decks did differ 

significantly [F(3,26)=3.67, p<.05], indicating that on an individual basis, participants did 

not react at the same speed to the four unique deck conditions.  Decks B (M=924.6 ms, 

SD=292.6 ms) and D (M=995.3 ms, SD=354.9 ms) were the fastest, compared to decks A 

(M=1132.1 ms, SD=425.2 ms) and C (M=1028.4 ms, SD=306.1 ms).  As noted above, 

the decks from which cards were chosen faster (B and D) were also more likely to be 

selected. 
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Switching 

Are there diagnostic or genetic group differences in the ability to switch from one deck to 

another? (Overall, Switch after punishment vs. Switch after reward) 

The mean and standard deviations of switching overall and witching in response 

to rewards or punishments are listed in Table 3.  In response to a reward or punishment 

during the IGT, participants could react by deciding to stay (select another card from that 

deck) or switch (select a card from one of the other decks).  Switching was therefore used 

as a measure of participants’ response to their reward sensitivity and punishment 

sensitivity.  The percentage of overall switches was calculated by dividing the number of 

switches by the number of trials in which the participant either lost or gained money (on 

some trials, which were not included in this total, the participant’s Net Score remained 

unchanged).  Percentage switching was also calculated independently in cases after 

reward (‘Switch after rewards’) and after punishment (‘Switch after punishments’).  For 

switching in response to reward or punishment, data was analyzed using a mixed 2 

(Diagnostic group: ADHD vs. Control) x 2 (Switching: Switch after rewards vs. Switch 

after punishments) x 2 (Genetic group: 9/10 DAT1 vs. 10/10 DAT1) ANOVA.  No 

significant interactions between Switching and Diagnostic group (p=.71) or Switching 

and Genetic group (p=.34) were found, and a three-way interaction of these variables was 

also shown to be non-significant (p=.58).  Overall, there was no significant difference in 

the percentage of switches after rewards compared to the percentage of switches after 

punishments (p=.19), indicating that participants did not switch any more or less if they 

gained money on a trial compared to when they lost money. 
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Deck Ratings 

Are there diagnostic or genetic group differences in which decks were perceived to be the 

best? (A vs. B vs. C vs. D) 

The mean and standard deviations of all ratings for each of the four decks are 

listed in Table 3.  Data was analyzed using a mixed 2 (Diagnostic group: ADHD vs. 

Control) x 4 (Deck Ratings: A vs. B vs. C vs. D) x 2 (Genetic group: 9/10 DAT1 vs. 

10/10 DAT1) ANOVA.  No significant interactions between Deck Ratings and 

Diagnostic group (p=.14) or Deck Ratings and Genetic group (p=.52) were found, and a 

three-way interaction of these variables was also shown to be non-significant (p=.30).  

The ratings across the four decks did differ significantly [F(3,25)=3.38, p<.05], indicating 

that on an individual basis, participants were not equally sensitive to each of the four 

conditions represented by the decks.  Ratings for the advantageous deck D (M=7.40, 

SD=1.96) were highest, with the other advantageous deck C (M=5.57, SD=1.99) 

receiving ratings only slightly better than the two disadvantageous decks A (M=4.96, 

SD=2.65) and B (M=4.86, SD=2.56). 

 
3.2 Task Performance on Go/No-go 

 
Errors of Commission 

Are there diagnostic or genetic group differences in response inhibition?  

The mean and standard deviations of % Errors of commission are listed in Table 

4.  Consistent with previous research using this task, the % Errors of commission are 

used as a measure of performance, because this measures the participant’s ability to 

inhibit his or her reaction in response to a No-go trial.  The % Errors of commission was 
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calculated by dividing the number of False Alarms (incorrectly responding to a No-go 

trial) by the total number of No-go trials. 

For % Errors of commission, data was analyzed using a factorial 2 (Diagnostic 

group: ADHD vs. Control) x 2 (Genetic group: 9/10 DAT1 vs. 10/10 DAT1) ANOVA 

(See Figure 3).  No significant differences in % Errors of commission for Diagnostic 

group (p=.23) or Genetic group (p=.65) were found, and an interaction of these two 

between subject variables was also shown to be non-significant (p=.36).  This indicates 

that no groups performed any better than the others on this task as a whole, and that a 

participant’s Diagnostic group and Genetic group did not factor into their response 

inhibition.  There was no correlation between task performance and IQ (p=.07), however, 

a significant correlation did exist between % Errors of commission and Age [r(25)=-.60, 

p=.001]. 

 
Errors of Omission 

Are there diagnostic or genetic group differences in sustained attention to the task? 

The mean and standard deviations of % Errors of omission are listed in Table 4.  

The % Errors of omission measures the participant’s ability to maintain sustained 

attention to the task.  The % Errors of omission was calculated by dividing the number of 

Misses (incorrectly failing to respond to a Go trial) by the total number of Go trials. 

For % Errors of omission, data was analyzed using a factorial 2 (Diagnostic 

group: ADHD vs. Control) x 2 (Genetic group: 9/10 DAT1 vs. 10/10 DAT1) ANOVA.  

No significant differences in % Errors of omission for Diagnostic group (p=.08) or 

Genetic group (p=.13) were found, and an interaction of these two between subject 

variables was also shown to be non-significant (p=.79).  This indicates that no groups 
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maintained sustained attention any better than the others on this task as a whole, and that 

a participant’s Diagnostic group and Genetic group did not factor into this measure.  

There was no correlation with IQ (p=.32), however, a significant correlation did exist 

between % Errors of omission and Age [r(25)=-.44, p<.05]. 

 
Mean RT 

Are there diagnostic or genetic group differences in how fast responses were made? 

The mean and standard deviations of Mean RT are listed in Table 4.  For overall 

Mean RT, data was analyzed using a factorial 2 (Diagnostic group: ADHD vs. Control) x 

2 (Genetic group: 9/10 DAT1 vs. 10/10 DAT1) ANOVA.  No significant differences in 

overall Mean RT for Diagnostic group (p=.30) or Genetic group (p=.19) were found, and 

an interaction of these two between subject variables was also shown to be non-

significant (p=.60).  This indicates that there were no group differences in the speed at 

which a participant responded to stimuli during the Go/No-go task. 

 
Correlations with the ADHD-Rating Scale 

Of note, there were some significant correlations with the ADHD-rating scale.  

Specifically, there was a correlation between % Errors of commission (but not % Errors 

of omission; p=.11) for 10/10 DAT1 participants and their Hyperactivity subscores 

[r(24)=.61, p<.05] as well as a correlation between % Errors of omission (but not % 

Errors of commission; p=.20) for 10/10 DAT1 participants and their Inattentive subscores 

[r(24)=.58, p<.05].  This same pattern is not shown in the 9/10 DAT1 Genetic group.  

These correlations show that 10/10 DAT participants exhibit greater errors of 

commission (a measure of response inhibition) if they score higher on a rating of their 
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hyperactivity (associated with impulsivity), and greater errors of omission (suggesting 

that they were not paying attention to the task) if they score higher on a rating of their 

inattentiveness. 

 
3.3 Correlational Analysis Between Experimental Tasks 

 
Is there a relationship between performance on the two paradigms (IGT and Go/No-go)? 

Performances on the IGT (as measured by Net Score) and Go/No-go (as measured 

by % Errors of commission) were shown (See Figure 4) to be significantly correlated 

[r(25)=-.50, p<.01].  This finding indicates a relationship between behavioral inhibition 

and affective decision-making; as response inhibition increases, so does the ability to 

decide advantageously. 

 
4. Discussion 

The principal objective in the study was to explore the link between ADHD and 

the DAT 1 through performance-based measures of affective decision-making and 

response inhibition.  Previous findings have suggested connections between the two on 

the basis of hyperactivity (Waldman et al., 1998; Mill et al., 2005) and impulsivity 

(Cornish et al., 2005; Loo et al., 2003).  Additionally, the dual pathway model of ADHD 

provides a conceptual framework for predicting that performance on these two 

experimental paradigms will not be correlated (Sonuga-Barke, 2002, 2003).  The key 

findings from the present study are that (1) Measures of performance and sensitivity on 

the Iowa Gambling Task did not differ for diagnostic group or genetic group, (2) 

Performance on the Go/No-go Task showed no significant differences of diagnostic or 

genetic group, and (3) Performance on the two tasks were, contrary to our expectations, 
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significantly correlated.  Although these results appear to contradict the existence of two 

functionally independent pathways mediating executive function and reward, further 

exploration is necessary.  Many of our initial predictions were not supported with 

significance, however, a number of interesting comparisons can be made that would 

suggest that an increase in sample size would help make the results significant and in line 

with previous research and expectations. 

 
4.1 Performance and Sensitivity on the IGT 

Contrary to our hypothesis, we found no significant differences between 

diagnostic (ADHD vs. Control) and genetic (9/10 DAT1 vs. 10/10 DAT1) crossed 

subgroups in decision-making performance.  This lack of a decision-making impairment 

in ADHD individuals is consistent with some (Ernst et al., 2003b; Geurts et al., 2006), 

but not all (Garon & Moore, 2006) previous research.  All groups had similar results for 

measures of reward sensitivity (Long-Term Value), punishment sensitivity (Frequency), 

response to sensitivity (Switching), and perceived deck sensitivity (Deck Ratings).  

Reaction time during this task also did not differ across subgroups.  These findings would 

support the conclusion that ADHD and Controls utilize similar overall decision-making 

strategies, and that the DAT1 gene does not play a role in how children engage in 

decisions involving reward and punishment.  A number of interesting comparisons can be 

made that suggest additional testing is necessary. 

Performance on the IGT as indicated by Net Score showed no statistically 

significant differences between the four subgroups, suggesting a similar reward 

sensitivity for all participants.  This is contrary to our predictions of decreased 

performance by both ADHD individuals (compared to controls) and 10/10 DAT1 
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participants (compared to 9/10 DAT1), and with predictions of greatest impairment 

exhibited by the ADHD-10/10 DAT1 subgroup.  Interestingly, however, these trends 

were observed without significance.  ADHD individuals (M=-9.38) performed worse than 

controls (M=-.86) and those with 10/10 DAT1 (M=-7.71) did worse than 9/10 DAT1s (-

2.00).  Furthermore, the subgroup with the most disadvantageous decision-making was 

indeed the ADHD-10/10 DAT1 group (M=-14.57). Although high standard deviations 

prevented these findings from achieving statistical significance, additional testing would 

be necessary to determine if these trends hold with an increased sample size. 

Selections from the High frequency- and Low frequency-condition decks did not 

differ across subgroups, however, overall participants’ choices significantly favored the 

Low frequency decks.  All groups, then, responded to punishment in the same way, 

favoring larger, infrequent punishments over smaller, frequent ones.  Switching was also 

consistent for each subgroup, and participants were no more likely to switch decks after 

receiving a punishment than if they had received a reward.  Post-test ratings of decks 

revealed no findings of interest, as all group differences again failed to reach the 

threshold of significance.  These findings again indicate similar decision-making 

strategies employed by all subgroups.   

 
4.2 Performance on the Go/No-go Task 

The results of the Go/No-go task contradict our initial hypothesis, since ADHD 

and 10/10 DAT1 individuals performed no worse than Controls or 9/10 DAT1 groups, 

respectively.  These findings suggest no group differences in inhibitory control; this is not 

consistent with other studies (Schultz et al., 2004) that revealed significantly poorer 

outcomes on the task in those with ADHD compared to controls.  This lack of 
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significance was found not only for % Errors of commission in this task, but also for % 

Errors of omission and Mean RT.  It is noteworthy, however, that trends in these 

measures of performance, inhibition, and attention do provide hope that an increased 

sample size may cause the results to reach significance.  Compared to controls, ADHD 

individuals did have higher % Errors of commission (M=60.10; Controls, M=37.95) and 

% Errors of omission (M=4.60; Controls, M=1.47), and had slower Mean RT (M=448.29; 

Controls, M=414.77).  The failure to achieve significance was a result of high variation 

between individuals within the subgroups.  Additional research may counteract these 

effects. 

 
4.3 Associations between the Experimental Tasks 

Sonuga-Barke’s dual pathway model (2002, 2003) argues that the heterogeneity 

of ADHD is the result of two conceptually similar, but functionally separate brain circuits 

that coexist within a single framework.  Deficits in executive function and reward-related 

mechanisms underlie these two pathways, but are thought to be unrelated to each other.  

In other words, executive dysfunction is dissociated from motivational dysfunction, and 

research has supported this concept (Sonuga-Barke, Dalen & Remington, 2003; Crone, 

Jennings & van der Molen, 2003).  In the present study, the two experimental paradigms 

administered were thought to represent these two pathways independently.  The Iowa 

Gambling Task involves affective decision-making and reward-based brain mechanisms 

that research has shown to be doubly-dissociated from certain executive functions 

(Bechara et al., 1998; Toplak et al., 2005).  Thus, performance on the task should be 

impaired in individuals with deficits in the Reward pathway.  The Go/No-go task, 
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alternatively, was thought to be matched exclusively with the EF pathway in the way it 

measures response inhibition, a core impairment in ADHD populations (Barkley, 1997). 

The present study, contrary to these expectations, did reveal a statistically 

significant correlation between Net Score on the IGT and % Errors of commission on 

Go/No-go.  Initially, these findings propose a contradiction to the dual pathway model.  

Alternatively, the IGT and Go/No-go task may not be completely “process-pure” 

paradigms, as was thought.  The IGT is a task that implicates a number of neural 

networks, as indicated by the activation revealed in Ernst et al’s investigation of the task 

in adults with and without ADHD (2001).  It makes sense, furthermore, that response 

inhibition would play a role in the decision-making necessitated by this task.  Individuals 

must constantly update their knowledge of the reward and punishment schemes of each 

of the four decks, and may need to inhibit their initial impulse to select cards from those 

decks that award immediate gains in favor of the decks that are more advantageous in the 

long run.  This may account for the association between task performance on the IGT and 

Go/No-go.   

Due to this complexity and the inconclusive results the IGT has revealed in a 

number of different measures described previously, it is likely that performance on this 

task cannot be matched one-to-one with the Reward pathway of Sonuga-Barke’s model.  

Indeed, double dissociations between the IGT and executive function have been neither 

consistent nor all-inclusive.  Instead of contradicting the dual pathway model, then, we 

have argued that the statistical correlation between the IGT and the Go/No-go task does 

not correspond to a correlation between the EF and Reward pathways.  This extrapolation 

would be inappropriate if, as we suggest, the IGT involves both pathways. 
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4.4 Limitations/future directions 

This study’s most obvious limitation is the small sample size of participants.  A 

number of interesting and expected trends, as indicated above, may achieve significance 

if additional participants were tested to counteract the high level of variability pervasive 

throughout nearly all results of the study.  Since individuals in the four subgroups did not 

differ in the applied tasks, a correlation between ADHD and the 10/10-DAT1 genotype 

could not be identified.  Future research should therefore select a more “process-pure” 

measure of the motivational bias indicative of ADHD, in place of the more complex Iowa 

Gambling Task that may involve both executive function and reward-related 

mechanisms.  The present research provides justification for a continued investigation 

into the relationship between ADHD and possible genetic connections, by positing 

sample size as its most influential limitation.  

 

 

 

 

 

 

 

 

 

 

 



  Decision-making, ADHD and DAT1 

 37 

References 

American Psychiatric Association (2000). Diagnostic and statistical manual of mental 

disorders, Text Revision (DSM-IV-TR) 4th edition. Washington, DC: American 

Psychiatric Association. 

Barkley, R. (1997). Behavioral inhibition, sustained attention, and executive functions: 

Constructing a unifying theory of ADHD. Psychological Bulletin, 121, 65-94. 

Barkley, R. (1998). Attention-deficit hyperactivity disorder: A handbook for diagnosis 

and treatment 2nd edition. New York: Guilford. 

Barr, C.L., Xu, C., Kroft, J., Feng, Y., Wigg, K., Zai, G., Tannock, R., Schachar, R., 

Malone, M., Roberts, W., Nöthen, M.M., Grünhage, F., Vandenbergh, D.J., Uhi, 

G., Sunohara, G., King, N., & Kennedy, J.L. (2001). Haplotype study of three 

polymorphisms at the dopamine transporter locus confirm linkage to attention-

deficit/hyperactivity disorder. Biological Psychiatry, 49(4), 333-339. 

Bayliss, D.M., & Roodenrys, S. (2000). Executive processing and attention deficit 

hyperactivity disorder: an application of the supervisory attentional system. 

Developmental Neuropsychology, 17, 161–80. 

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

consequences following damage to human prefrontal cortex. Cognition, 50, 7-15. 

Bechara, A., Tranel, D., Damasio, H., & Damasio, A.R. (1996). Failure to respond 

autonomically to anticipated future outcomes following damage to prefrontal 

cortex. Cerebral Cortex, 6, 215-25. 



  Decision-making, ADHD and DAT1 

 38 

Bechara, A., Damasio, H., Tranel, D.,& Anderson, S. (1998). Dissociation of working 

memory from decision making within the human prefrontal cortex. Journal of 

Neuroscience, 18(1), 428-437. 

Bechara, A., Damasio, H., Damasio, A.R., & Lee, G.P. (1999). Different contributions of 

the human amygdala and ventromedial prefrontal cortex to decision-making. 

Journal of Neuroscience, 19, 5473-81. 

Bechara, A.,Tranel, D.,& Damasio, H. (2000). Characterization of the decision-making 

deficit of patients with ventromedial prefrontal cortex lesions. Brain, 123, 2189-

2202. 

Bechara, A., Dolan, S., Denburg, N., Hindes, A., Anderson, S., & Nathan, P. (2001). 

Decision-making deficits, linked to a dysfunctional ventromedial prefrontal 

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

Berman, K.F., Ostrem, J.L., Randolph, C., Gold, J., Goldberg, T.E., Coppola, R., Carson, 

R.E., Herscovitch, P., & Weinberger, D.R. (1995). Physiological activation of a 

cortical network during performance of the Wisconsin Card Sorting Test: a 

positron emission tomography study. Neuropsychologia, 33, 1027–1046. 

Blair, R.J.R., Colledge, E., & Mitchell, D.G.V. (2001). Somatic markers and response 

reversal: Is there orbitofrontal cortex dysfunction in boys with psychopathic 

tendencies? Journal of Abnormal Child Psychology, 29, 499–511. 

Carlson,C.L., & Tamm, L. (2000). Responsiveness of children with attention deficit-

hyperactivity disorder to reward and response cost: differential impact on 

performance and motivation. Journal of Consulting and Clinical Psychology, 68, 

73–83. 



  Decision-making, ADHD and DAT1 

 39 

Cepeda, N.J., Cepeda, M.L., & Kramer, A.F. (2000). Task switching and attention deficit 

hyperactivity disorder. Journal of Abnormal Child Psychology, 28, 213–226. 

Chen, C. K., Chen, S.L., Mill, J., Huang, Y.S., Lin, S.K., Curran, S., Purcell, S., Sham, 

P., & Asherson, P. (2003). The dopamine transporter gene is associated with 

attention deficit hyperactivity disorder in a Taiwanese sample. Molecular 

Psychiatry, 8(4), 393-396. 

Cheon, K.A., Ryu, Y.H., Kim, Y.K., Namkoong, K., Kim, C.H., & Lee, J.D. (2003). 

Dopamine transporter density in the basal ganglia assessed with [123I]IPT SPET 

in children with attention deficit hyperactivity disorder. European Journal of 

Nuclear Medicine and Molecular Imaging, 30(2), 306-311. 

Cornish, K.M., Manly, T., Savage, R., Swanson, J., Morisano, D., Butler, N., Grant, C., 

Cross, G., Bentley, L., & Hollis, C.P. (2005). Association of the dopamine 

transporter (DAT1) 10/10-repeat genotype with ADHD symptoms and response 

inhibition in a general population sample. Molecular Psychiatry, 10(7), 686-698. 

Crone, E.A., Jennings, R., & van der Molen, M.W. (2003). Sensitivity to interference and 

response contingencies in Attention-Deficit/Hyperactivity Disorder. Jorunal of 

Child Psychology and Psychiatry, 44(2), 214-226. 

Cunningham, S.J., & Knights, R.M. (1978). The performance of hyperactive and normal 

boys under differing reward and punishment schedules. Journal of Pediatric 

Psychology , 3, 195–201. 

Ding, Y.S., Fowler, J.S., Volkow, N.D., Logan, J., Gatley, S.J., & Sugano, Y. (1995). 

Carbon-11-d-threo-methylphenidate binding to dopamine transporter in baboon 

brain. Journal of Nuclear Medicine, 36(12), 2298-2305. 



  Decision-making, ADHD and DAT1 

 40 

Dougherty, D.D., Bonab, A.A., Spencer, T.J., Rauch, S.L., Madras, B.K., & Fischman, 

A.J., (1999). Dopamine transporter density in patients with attention deficit 

hyperactivity disorder. Lancet, 354(9196), 2132-2133. 

Douglas, V.I., & Parry, P.A. (1983). Effects of reward on delayed reaction time task 

performance of hyperactive children. Journal of Abnormal Child Psychology, 11, 

313–326. 

Dresel, S., Krause, K.H., LaFougere, C., Brinkbaumer, K., Kung, H.F., Hahn, K., & 

Tatsch, K. (2000). Attention deficit hyperactivity disorder: binding of 

[99mTc]TRODAT-1 to the dopamine transporter before and after 

methylphenidate treatment. European  Journal of Nuclear Medicine, 27(10), 

1518-1524. 

Elliott, R., Rees, G., & Dolan, R.J. (1999). Ventromedial prefrontal cortex mediates 

guessing. Neuropsychologia , 37, 403–411. 

Elliott, R., Friston, K.J., & Dolan, R.J. (2000). Dissociable neural responses in human 

reward systems. Journal of Neuroscience , 20, 6159–6165. 

Ernst, M., Bolla, K., Mouratidis, M., Contoreggi, C., Matochik, J.A., Kurian, V., Cadet, 

J.L., Kimes, A.S., & London, E.D. (2002). Decision-making in a risk-taking task: 

a PET study. Neuropsychopharmacology, 26, 682–691. 

Ernst, M., Grant, S.J., London, E.D., Contoreggi, C., Kimes, A.S., & Spurgeon, L. 

(2003a). Decision making in adolescents with behaviour disorders and adults with 

substance abuse. American Journal of Psychiatry, 160 (1), 33–40. 



  Decision-making, ADHD and DAT1 

 41 

Ernst, M., Kimes, A.S., London, E.D., Matochik, J.A., Eldreth, D., & Tata, S. (2003b). 

Neural substrates of decision making in adults with Attentional Deficit 

Hyperactivity Disorder. American Journal of Psychiatry, 160 (6), 1061–1070. 

Fellows, L., & Farah, M. (2003).Ventromedial frontal cortex mediates affective shifting 

in humans: Evidence from a reversal learning paradigm. Brain, 126, 1830-1837. 

Firestone, P., & Douglas, V. (1975). The effects of reward and punishment on reaction 

times and autonomic activity in hyperactive and normal children. Journal of 

Abnormal Child Psychology , 3, 201–216. 

Frick, P. (1998). Callous-unemotional traits and conduct problems: Applying the two-

factor model of psychopathy to children. In Psychopathy: Theory, research and 

implications for society, 161-187. 

Garon, N., Moore, C., & Waschbusch, D.A. (2006). Decision-making in children with 

ADHD only, ADHD-anxious/depressed, and control children using a child 

version of the Iowa Gambling Task. Journal of Attention Disorders, 9, 607– 619. 

Geurts, H., der Oord, S., & Crone, E. (2006). Hot and cool aspects of cognitive control in 

children with ADHD: Decision-making and inhibition. Journal of Abnormal 

Child Psychology, 34 (6) 811-822. 

Giros, B., Jaber, M., Jones, S.R., Wightman, R.M., & Caron, M.G. (1996). 

Hyperlocomotion and indifference to cocaine and amphetamine in mice lacking 

the dopamine transporter. Nature,  379, 606–612. 

Goldman-Rakic, P.S. (1992). Dopamine mediated mechanisms in the pre-frontal cortex. 

Seminars in Neuroscience, 4, 149–60. 



  Decision-making, ADHD and DAT1 

 42 

Grant, S., Contoreggi, C., & London, E.D. (2000). Drug abusers show impaired 

performance in a laboratory test of decision making. Neuropsychologia, 38, 

1180–1187. 

Haenlein, M., & Caul, W. (1987). Attention deficit disorder with hyperactivity: a specific 

hypothesis of reward dysfunction. Journal of the American Academy of Child and 

Adolescent Psychiatry, 26, 356–62. 

Heaton, R., Chelune, G., Talley, J., Kay, G., & Curtiss, G. (1993). Wisconsin Card 

Sorting Test Manual Psychological Assessment Resources (PAR) 

Heinz, A., Goldman, D., Jones, D.W., Palmour, R., Hommer, D., Gorey, J.G., Lee, K.S., 

Linnoila, M., & Weinberger, D.R. (2000). Genotype influences in vivo dopamine 

transporter availability in human striatum. Neuropsychopharmacology, 22(2), 

133-139. 

Holmes, J., Payton, A., Barrett, J.H., Hever, T., Fitzpatrick, H., Trumper, A.L., 

Harrington, R., McGuffin, P., Owen, M., Ollier, W., Worthington, J., & Thapar, 

A. (2000). A family-based and case-control association study of the dopamine D4 

receptor gene and dopamine transporter gene in attention deficit hyperactivity 

disorder. Molecular Psychiatry, 5(5), 523-530. 

Hornak, J., O’Doherty, J., Bramham, J., Rolls, E.T., Morris, R.G., Bullock, P.R., & 

Polkey, C.E. (2004). Reward-related reversal learning after surgical excisions in 

orbito-frontal or dorsolateral prefrontal cortex in humans. Journal of Cognitive 

Neuroscience, 16, 463-478. 

Jacobsen, L.K., Staley, J.K., Zoghbi, S.S., Seibyl, J.P., Kosten, T.R., Innis, R.B., & 

Gelernter, J. (2000). Prediction of dopamine transporter binding availability by 



  Decision-making, ADHD and DAT1 

 43 

genotype: a preliminary report. American Journal of Psychiatry, 157(10), 1700-

1703. 

Johansen, E.B., Aase, H., Meyer, A., & Sagvolden, T. (2002). Attention-

deficit/hyperactivity disorder (ADHD) behaviour explained by dysfunctioning 

reinforcement and extinction processes. Behavioral Brain Science, 130, 37-45. 

Kirley, A., Hawi, Z., Daly, G., McCarron, M., Mullins, C., Millar, N., Waldman, I., 

Fitzgerald, M., & Gill, M. (2002). Dopaminergic system genes in ADHD: toward 

a biological hypothesis. Neuropsychopharmacology, 27, 607–19. 

Knutson, B., Adams, C.M., Fong, G.W., & Hommer, D. (2001). Anticipation of 

increasing monetary reward selectively recruits nucleus accumbens. Journal of 

Neuroscience , 21, 159. 

Kollins, S.H., Shapiro, S.K., Newland, M.C., & Abramowitz, A (1998). Discriminative 

and participant-rated effects of methylphenidate in children diagnosed with 

attention deficit hyperactivity disorder (ADHD). Experimental and Clinical 

Psychopharmacology, 6, 375–389. 

Krause, K.H., Dresel, S.H., Krause, J., Kung, H.F., & Tatsch, K. (2000). Increased 

striatal dopamine transporter in adult patients with attention deficit hyperactivity 

disorder: effects of methylphenidate as measured by single photon emission 

computed tomography. Neuroscience Letters, 285, 107–110. 

Krause, K.H., Dresel, S.H., Krause, J., LaFougere, C., & Ackenheil, M. (2003). The 

dopamine transporter and neuroimaging in attention deficit hyperactivity disorder. 

Neuroscience and Biobehavioral Review, 27(7), 605-613. 



  Decision-making, ADHD and DAT1 

 44 

Kuntsi, J., Oosterlaan, J., & Stevenson, J. (2001). Psychological mechanisms in 

hyperactivity: I Response inhibition deficit, working memory impairment, delay 

aversion, or something else? Journal of Child Psychology and Psychiatry, 42, 

199–210. 

Loge D.V., Staton, D.V., & Beatty, W.W. (1990). Performance of children with ADHD 

on tests sensitive to frontal lobe dysfunction. Journal of American Academy of 

Child Adolescent Psychiatry, 29, 540-545. 

Loo, S.K., Specter, E., Smolen, A., Hopfer, C., Teale, P.D., & Reite, M.L. (2003). 

Functional effects of the DAT1 polymorphism on EEG measures in ADHD. 

Journal of American Academy of Child Adolescent Psychiatry, 42(8), 986-993. 

Luman, M., Oosterlaan, J., & Sergeant, J.A. (2005). The impact of reinforcement 

contingencies on AD/HD: A review and theoretical approach. Clinical 

Psychology and Review, 25, 183–213. 

Mazas, C.A., Finn, P.R., & Steinmetz, J.E. (2000). Decision-making biases, antisocial 

personality, and early-onset alcoholism. Alcoholism: Clinical and Experimental 

Research, 24, 1036–1040. 

Mill, J., Xu, X., Ronald, A., Curran, S., Price, T., Knight, J., Craig, I., Sham, P., Plomin, 

R., & Asherson, P. (2005). Quantitative trait locus analysis of candidate gene 

alleles associated with attention deficit hyperactivity disorder (ADHD) in five 

genes: DRD4, DAT1, DRD5, SNAP-25, and 5HT1B. American Journal of 

Medical Genetetics Part B (Neuropsychiatric Genetics), 133(1), 68-73. 



  Decision-making, ADHD and DAT1 

 45 

Nigg, J.T. (2000). On inhibition/Disinhibition in developmental psychopathology: Views 

from cognitive and personality psychology and a working inhibition taxonomy. 

Psychological Bulletin, 126, 220–246. 

Nigg, J.T. (2001). Is ADHD a disinhibitory disorder? Psychological Bulletin, 127, 571–

598. 

Palmer, C.G., Bailey, J.N., Ramsey, C., Cantwell, D., Sinsheimer, J.S., Del’Homme, M., 

McGough, J., Woodward, J.A., Asarnow, R., Asarnow, J., Nelson, S., & Smalley, 

S.L. (1999). No evidence of linkage or linkage disequilibrium between DAT1 and 

attention deficit hyperactivity disorder in a large sample. Psychiatric Genetics, 

9(3), 157-160. 

Pennington, B.F., & Ozonoff, S. (1996). Executive functions and developmental 

psychopathology. Journal of Child Psychology and Psychiatry, 37, 51-87. 

Petry, N.M., Bickel, W.K., & Arnett, M. (1998). Shortened time horizons and 

insensitivity to future consequences in heroin addicts. Addiction, 93(5), 729-738. 

Robbins, T.W., & Everitt, B.J. (1992). Functions of dopamine in the dorsal and ventral 

striatum. Seminars in Neuroscience, 4, 119–28. 

Robbins, T.W., & Everitt, B.J. (1996) Neurobehavioural mechanisms of reward and 

motivation. Current Opinion in Neurobiology, 6, 228–36. 

Rogers, R.D., Everitt, B.J., Baldacchino, A., Blackshawc, A.J., Swainsona, R., Bakera, 

N.B., Huntera, J., Carthya, T., Bookera, E., London, M., Deakin, J.F.W., 

Sahakian, B.J., & Robbins, T.W. (1999). Dissociable deficits in the decision-

making cognition of chronic amphetamine abusers, opiate abusers, patients with 

focal damage to prefrontal cortex, and tryptophan-depleted normal volunteers: 



  Decision-making, ADHD and DAT1 

 46 

evidence for monoaminergic mechanisms. Neuropsychopharmacology, 20, 322–

339. 

Roman, T., Schmitz, M., Polanczyk, G., Eizirik, M., Rohde, L.A., & Hutz, M.H. (2001). 

Attention-deficit hyperactivity disorder: a study of association with both the 

dopamine transporter gene and the dopamine D4 receptor gene. American Journal 

of Medical Genetics, 105(5), 471-478. 

Rubia, K., Overmeyer, S., Taylor, E., Brammer, M., Williams, S.C.R., Simmons, A., & 

Bullmore, E.T. (1999). Hypofrontality in attention deficit hyperactivity disorder 

during higher-order motor control: A study with functional MRI. American 

Journal of Psychiatry, 156, 891–896. 

Sagvolden, T., Aase, H., Zeiner, P., & Berger, D. (1998). Altered reinforcement 

mechanisms in attention-deficit/hyperactivity disorder. Behavioural Brain 

Research, 94, 61-71. 

Sagvolden, T., Johansen, E.B., Aase, H., & Russell, V.A. (2005). A dynamic 

developmental theory of Attention-Deficit/Hyperactivity Disorder (ADHD) 

predominantly hyperactive/impulsive and combined subtypes. Behavioral and 

Brain Sciences, 28, 397-468. 

Schulz, K.P., Fan, J., Tang, C.Y., Newcorn, J.H., Buchsbaum, M.S., Cheung, A.M., & 

Halperin, J.M. (2004). Response inhibition in adolescents diagnosed with 

attention deficit hyperactivity disorder during childhood: an event-related fMRI 

study. American Journal of Psychiatry, 161, 1650–1657. 



  Decision-making, ADHD and DAT1 

 47 

Sergeant, J., Geurts, H.,& Oosterlaan, J. (2002). How specific is a deficit of executive 

functioning for attention-deficit/hyperactivity disorder? Behavioural Brain 

Research, 130, 3-28. 

Solanto, M., Abikoff, H., Sonuga-Barke, E.J.S., Schachar, R., Logan, G., Wigal, T., 

Hechtman, L., Hinshaw, S., & Turkel, E. (2001). The ecological validity of delay 

aversion and response inhibition as measures of impulsivity in AD/HD: A 

supplement to the NIMH multimodal treatment study of AD/HD. Journal of 

Abnormal Child Psychology, 29, 215-228. 

Sonuga-Barke, E.J.S., Taylor, E., Sembi, S., & Smith, J. (1992). Hyperactivity and delay 

aversion: I. The effect of delay on choices. Journal of Child Psychology and 

Psychiatry, 33, 387-398. 

Sonuga-Barke, E.J.S. (2002). Psychological heterogeneity in AD/HDFa dual pathway 

model of behaviour and cognition. Behavioral Brain Research, 130, 29–36. 

Sonuga-Barke, E.J. (2003). The dual pathway model of AD/HD: an elaboration of neuro-

developmental characteristics. Neuroscience and Biobehavioral Reviews, 27, 

593–604. 

Sonuga-Barke, E. J, Dalen L, & Remington, B. (2003). Do executive deficits and delay 

aversion make independent contributions to preschool attention 

deficit/hyperactivity disorder symptoms? Journal of the American Academy of 

Child and Adolescent Psychiatry 42, 1335-1342. 

Spencer, T.J., Biederman, J., Madras, B.K., Faraone, S.V., Dougherty, D.D., Bonab, 

A.A., & Fischman, A.J. (2005). In vivo neuroreceptor imaging in attention-



  Decision-making, ADHD and DAT1 

 48 

deficit/hyperactivity disorder: a focus on the dopamine transporter. Biological 

Psychiatry, 57(11), 1293-1300. 

Swanson, J.M., Lerner, M., & Williams, L. (1995). More frequent diagnosis of attention 

deficit-hyperactivity disorder. The New England Journal of Medicine, 333, 944. 

Toplak, M.E., Rucklidge, J.J., Hetherington, R., John, S.C.F., & Tannock, R. (2003). 

Time perception deficits in Attention-Deficit/Hyperactivity Disorder and 

Comorbid Reading Difficulties in child and adolescent samples. Journal of Child 

Psychology and Psychiatry, 44(1), 888-903. 

Toplak, M.E., Jain, U., & Tannock, R. (2005). Executive and motivational processes in 

adolescents with Attention-Deficit-Hyperactivity Disorder (ADHD). Behavioral 

and Brain Functions, 1, 8. 

Tripp, G., & Alsop, B. (1999). Sensitivity to reward frequency in boys with attention 

deficit hyperactivity disorder. Journal of Clinical Child Psychology, 28, 366-375. 

Tripp, G., & Alsop, B. (2001). Sensitivity to reward delay in children with attention 

deficit hyperactivity disorder (ADHD). Journal of Child Psychiatry, 42, 691-698. 

van Dyck, C.H., Quinlan, D.M., Cretella, L.M., Staley, J.K., Malison, R.T., Baldwin, 

R.M., Seibyland, J.P., & Innis, R.B. (2002). Unaltered dopamine transporter 

availability in adult attention deficit hyperactivity disorder. American Journal of 

Psychiatry, 159(2), 309-312. 

Volkow, N.D., Wang, G.J., Fowler, J.S., Gatley, S.J., Logan, J., Ding, Y.S., Hitzemann, 

R., & Pappas, N. (1998). Dopamine transporter occupancies in the human brain 

induced by therapeutic doses of oral methylphenidate. American Journal of 

Psychiatry, 155(10), 1325-1331. 



  Decision-making, ADHD and DAT1 

 49 

Volkow, N.D., Wang, G.J., Fowler, J.S., Logan, J., Gerasimov, M., Maynard, L., Ding, 

Y., Gatley, S.J., Gifford, A., & Franceschi D. (2001). Therpeutic doses of oral 

methylphenidate significantly increase extracellular dopamine in the human brain. 

Journal of Neuroscience, 21(2), 121. 

Waldman, I.D., Rowe, D.C., Abramowitz, A., Kozel, S.T., Mohr, J.H., Sherman, S.L., 

Cleveland, H.H., Sanders, M.L., Card, J.H.C., & Stever, C. (1998). Association 

and linkage of the dopamine transporter gene and attention-deficit hyperactivity 

disorder in children: heterogeneity owing to diagnostic subtype and severity. 

American Journal of Human Genetics, 63, 1767–76. 

Worland, J. (1976). Effects of positive and negative feedback on behavior control in 

hyperactive and normal boys. Journal of Abnormal Child Psychology , 4, 315–

326. 

Willcutt, E. G., Doyle, A., Nigg, J., Faraone, S. & Pennington, B. F. (2005). Validity of 

the executive function theory of attention-deficit/hyperactivity disorder: A meta-

analytic review. Biological Psychiatry, 57(11), 1336–46. 

Wilens, T.E., Biederman, J., Mick, E., Faraone, S.V., & Spencer, T. (1997). Attention 

deficit hyperactivity disorder (ADHD) is associated with early onset substance 

use disorders. Journal of Nervous and Mental Disease, 185, 475–482. 

Zelazo, P.D., Muller, U., Frye, D., & Marcovitch, S. (2003). The development of 

executive function. Monographs of the Society for Research in Child 

Development, 68(3), 11–27. 

 

 



  Decision-making, ADHD and DAT1 

 50 

Acknowledgements 

I would like to thank Dr. Chandan Vaidya for all of her help throughout the 

process of conceiving, implementing, and reporting this research.  She has been 

instrumental in advancing my knowledge and appreciation of the field of Psychology and 

I am forever grateful for the support and guidance she has offered me over the past three 

years of knowing and working with her.  This study would not have been possible 

without her or the rest of the Developmental Cognitive Neuroscience Laboratory, and I 

appreciate their direction and assistance as both mentors and friends.  Special thanks to 

Devon Shook, who made significant contributions to this research by both testing 

participants and assisting with data analysis. 

 

 

 

 

 

 

 

 

 

 

 



  Decision-making, ADHD and DAT1 

 51 

 



  Decision-making, ADHD and DAT1 

 52 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  Decision-making, ADHD and DAT1 

 53 

 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 



  Decision-making, ADHD and DAT1 

 54 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  Decision-making, ADHD and DAT1 

 55 

Figure Captions. 

 

Figure 1. Computer screenshots and descriptions of each of the four decks in the Iowa 

Gambling Task.  Decks A & B are disadvantageous because of the associated long-term 

losses, while decks C & D are advantageous because of the associated long-term gains.  

Note above that participants may win and lose money during the same trial (the two 

screenshots are not consecutive). 

Figure 2. Mean overall net score on the Iowa Gambling Task as a function of group and 

genotype.  

Figure 3.  Mean % Errors of commission on the Go/No-go task as a function of group and 

genotype. 

Figure 4. Correlation between performance on the Iowa Gambling Task with performance on the 

Go/No-go task. 
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Figure1. 
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Figure 3. 
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Figure 4. 

 
 


