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Abstract 

Economists often assume decision makers are hyper-rational agents with few 

limits to their cognitive capabilities. Sometimes labeled “Homo Economicus”, these 

decision makers learn quickly, perform complex math, have endless information 

processing capacity, and are exceptionally rational (Thaler 2000). While these 

assumptions make it easier to model decision making behavior, they are demonstrably 

false. Decision makers calculate probabilities inaccurately (Allais 1953), dislike 

ambiguity (Ellsberg 1961), change behavior to avoid negative emotion (Luce, Bettman 

and Payne 2001), and are affected by the mere presence of alternatives that should be 

irrelevant to their decision (Huber, Payne and Puto 1982). 

These violations have led to the development of other models that are better at 

predicting what consumers actually do. Rank dependent utility theory (Quiggin 1981) 

took into account imperfect probabilistic calculations. A more recent version of this 

theory (Schmeidler 1989) extended the model to ambiguous decisions. Prospect theory’s 

weighting function (Kahneman and Tversky 1979) also addressed people’s imperfect 

probabilistic calculations while the theory’s editing function accounted for some of the 

simplification strategies that decision makers use to overcome their cognitive limitations.  

Still, while better at describing certain behaviors, all of these theories share a 

common limitation. Like the model of Homo Economicus, these theories model behavior 

“as-if” humans were performing the functions prescribed by the theory. Rank dependent 

utility theory predicts probabilistic behavior “as-if” people rank ordered probabilities. 

Prospect theory’s weighting function predicts probabilistic behavior “as-if” people 

overestimate small probabilities and underestimate large probabilities. Prospect theory’s 
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editing function describes some editing processes “as-if” people perform them to simplify 

decisions, but it does not describe how they actually come to choose a specific editing 

function (Thaler 2000). Ultimately, all of these theories generate a single equation that 

predicts consumer choice “as-if” consumers calculated these values and chose the option 

with maximal value. These models so far have either focused on what consumers should 

do or have focused on predicting what consumers actually do. Decision making models 

frequently do not attempt to describe the cognitive processes that are actually used to 

make a decision. 

The research described in this dissertation investigates this rarely studied area in 

human decision making. The research does not focus on what people do. Instead, it 

focuses on the decision making process itself. Recent advancements in brain imaging 

techniques such as electroencephalography (EEG), magnetoencephalography (MEG), 

functional magnetic resonance imaging (fMRI), and positron emission tomography (PET) 

have allowed decision making researchers to examine cognitive processes that were 

previously thought impossible to observe. This research uses behavior and fMRI to study 

the decision making process as it actually occurs in human decision makers. 

The dissertation adopts a theoretical framework developed in economics 

(Camerer et al. 2005) and psychology (Liberman 2007) to understand neuroscientific 

studies of behavior. The framework is a 2x2 combination of dual process theories that 

draws a distinction between cognitive processes that are either automatic or controlled 

and that are either internally (related to internal body states) or externally (related to 

sensory states) focused. Research hypotheses are developed and tested based on this 

framework. 
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 This dissertation contributes to the study of decision making in three ways. 

Theoretically, it tests an alternative model of decision making that emphasizes the 

cognitive process underlying decision making. Methodologically, the research 

demonstrates the usefulness of neuroscientific techniques as a complement to more 

traditional methods used in marketing research.  Practically, the research contributes to a 

better understanding of decision making processes which could ultimately benefit society 

by helping consumers overcome decision biases that lead to societal problems such as 

drug use, obesity, and race bias. 
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Introduction 
 
1.1 The Problem 

Economists often assume decisions are made by rational agents with unlimited 

computational capacity (Samuelson 1938). Others suggest that humans have limits to 

their cognitive capabilities (Simon 1955) and that models of decision making should take 

these limitations into account. This dissertation investigates a particular bias in consumer 

decision making, “the attraction effect”. According to this effect, when an irrelevant 

alternative (the decoy) is added to a choice set, the choice share of the most similar 

original alternative increases. This bias has been shown to increase when trade-offs 

between the original alternatives generate negative emotions (Luce, Bettman and Payne 

2001) and following regulatory resource depleting tasks (Amir et al. 2007). 

 This dissertation investigates human decision making limitations using theories 

and methods from cognitive neuroscience. The attraction effect was chosen for two 

reasons. First, the attraction effect has never previously been studied using brain imaging 

techniques. Second, while many suggest decision biases arise from emotions (Cassidy 

2006), some theories suggest the attraction effect occurs because of the use of cognitive 

shortcuts (Simonson 1989), not emotional reasons. Therefore, the attraction effect offers 

a unique setting in which to examine the interplay between cognitive and emotional 

mental systems. 

  

1.2 Research Objective 

Neuroeconomics, social neuroscience, and decision neuroscience are new fields 

of research that provide fresh insight into human decision making. These disciplines use 
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techniques from neuroscience to refine decision making theories by directly observing 

mental processes (Shiv et al. 2005). Research in this area has made strides in explaining 

decision making when manipulating such factors as risk (Damasio 1986), ambiguity 

(Smith et al. 2002) and cooperation (Sanfey 2003). Often, findings from these studies 

suggest we would act economically rationally if emotions didn’t get in the way (Cassidy 

2006). 

But the idea that irrational decisions stem from emotional processes has recently 

been criticized (Glimcher et al. 2005). Some suggest intact emotional systems are 

necessary for economically rational behavior (Bechara et al. 1999). Others suggest 

decision making is a complex interplay between multiple systems (Glimcher et al. 2005).  

Brain activation data from previously unstudied decision phenomena provide further 

evidence that decision biases may not be caused solely by emotions. An alternative 

framework of decision making is described and empirically examined. 

 

1.3 Overview of Conceptualization 

This dissertation adopts a framework described by Camerer et al. (2005) and 

extended by Liberman (2007) to understand results from brain imaging studies of 

behavior. The framework is a 2x2 combination of dual process theories that individually 

have a long history within decision making research. The first process model draws a 

distinction between cognitive processes that are either automatic or controlled (Chaiken 

and Trope 1999). Other dual process models have made similar distinctions, 

distinguishing between intuitive and reasoning systems (Kahneman and Frederick 2005) 

and System 1 and System 2 (Stanovich and West 2000). Automatic processes are 
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effortless and implicit while controlled processes are effortful and consciously monitored 

(Kahneman 2003).  

The second process model draws a distinction between internally and externally 

focused processes (Liberman 2007). Internal processes are processes related to the 

regulation or monitoring of the body’s internal state. Also called homeostasis, these 

processes include regulation of body temperature, heart beat, and regulation of blood 

sugar. External processes are processes used to monitor the external environment using 

the senses (Damasio 1994). These processes include sight, smell, hearing, taste, and 

touch. 

 

1.4 Overview of Research 

The empirical part of this dissertation examines how internally and externally 

focused processes are affected when a 2-item choice set is enriched by the addition of a 

third, normatively irrelevant option (a decoy). Further, the impact of regulatory resource 

depletion on the two processes is examined. Both manipulations test the interplay 

between internally and externally focused processes but differ in their explanations for 

the cause of the decision bias and in the temporal duration of the bias. Behavioral studies 

test initial predictions and improve the design of subsequent experiments. Functional 

magnetic resonance imaging (fMRI) are used to examine brain activation in subjects as 

they perform choice tasks while the presence of a decoy and prior performance of a 

regulatory resource depleting task are manipulated. Neural activation patterns are 

predicted and supported using existing cognitive theories. 
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Results from the first study demonstrate adding a decoy to consideration sets 

decreases activation in the amygdala and medial prefrontal cortex (MPFC) while it 

increases activation in the dorsolateral prefrontal cortex (DLPFC). This pattern of results 

is consistent with the hypothesis that subjects avoid negative emotions from trade-offs by 

using more externally focused processes to make choices when decoys are available. 

Results from the second study demonstrate decreased activation in the ACC after 

performing a task that depletes regulatory resources. This is consistent with the 

hypothesis that regulatory demanding tasks can decrease conflict monitoring processes in 

subsequent choice tasks.  

 

1.5 Significance of Research 

 The significance of this research can be broken into three categories: theoretical, 

methodological, and practical. Methodological significance is of primary interest to 

academic researchers, while theoretical and practical significance has implications for 

practitioners as well as academic researchers. 

 The potential theoretical significance of this research is in its contribution to the 

area of decision making. A cognitive neuroscientific model that can explain attraction 

effects, regulatory depletion effects, and other behaviors within decision making are 

developed and tested. 

 Methodologically, the use of neuroscientific techniques in this dissertation 

demonstrates how observations of brain activity can complement other methods that are 

more commonly used in marketing. Functional magnetic resonance imaging (fMRI) and 
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other neuroscientific techniques can be used to find evidence in support of or against 

theories that have been difficult to study with other methods. Further, these results can be 

used to draw connections between marketing phenomenon and the expanding brain 

imaging findings in related fields such as psychology, social psychology, political 

science, economics, and neuroscience. 

 Finally, the practical implications of this dissertation draw from an improved 

understanding of how decoys and regulatory resource depletion affect decision 

processing. These behaviors have been studied for over two decades, but no single model 

has been provided to explain them. As all non-trivial decisions require some sort of trade-

off between attributes, understanding how people evaluate relative subjective values is 

important to most decision making theories. The availability of irrelevant alternatives 

affects all kinds of decisions ranging from relatively unimportant decisions such as 

toothpaste selection, to very important decisions such as choice of political candidates or 

health care alternatives. Policy makers could provide regulations to mitigate the effect of 

decoys if they knew when and why these biases occur. Impairments to self-control have 

been linked to serious societal issues as inadequate retirement savings, drug use 

(Baumeister and Vohs 2004), obesity (Vohs and Heatherton 2000), and race bias 

(Amodio et al. 2004). In many of these cases, consumers themselves are driven to 

improve their decision making so that their long-term well-being will improve, but they 

are unaware of the bias or how to avoid it. A modest improvement in our understanding 

of the exercise of self-control could have significant societal benefit either through 

consumer education or through policies designed to lessen the effects of regulatory 

depletion. 
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1.6 Overview of Forthcoming Chapters 

 Chapter 1 discusses established models of consumer choice including expected 

utility theory and prospect theory. Violations of these theories are discussed. These 

violations include the Allais Paradox, Ellsberg Paradox, and Endowment Effect. 

Alternative theories of consumer choice and limitations to these theories are discussed. 

This chapter ends with a discussion of the limitations inherent in using introspective 

methods. 

 Chapter 2 discusses neuroscientific findings in the area of decision making. 

Benefits of combining neuroscientific techniques with traditional decision making 

methods are discussed. Papers in key areas of decision neuroscience are reviewed 

including studies of risk, ambiguity, trust, and framing. The chapter concludes with a 

critique of current decision neuroscience research. This critique demonstrates the need for 

a new model to interpret neuroscientific findings related to decision making. 

 Chapter 3 will introduce a cognitive neuroscientific framework that can be used to 

predict and interpret findings in decision neuroscience research. The history of this 

framework is discussed and examples of each process are provided. 

 Chapter 4 introduces the conceptual argument for the research. Literature 

describing the attraction effect and regulatory depletion are reviewed. A conceptual link 

between the attraction effect, regulatory depletion, and the cognitive neuroscientific 

framework are developed. 

 Chapter 5 describes two studies investigating how the introduction of a decoy 

changes preferences and how performance of a regulatory resource depleting task affects 

subsequent choices. The first study is an fMRI study of the attraction effect. The second 
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study is an fMRI investigation of how the attraction effect is changed by regulatory 

depletion.  

 Chapter 6 summarizes the theoretical arguments and empirical findings for the 

studies. It continues with a discussion of the theoretical, practical, and methodological 

contributions of the dissertation. Finally, issues with the current studies and potential 

future studies will be discussed. 
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1. Consumer Decision Making 

Economists have studied economic behavior for hundreds of years, so any study 

of consumer choice must start with economic theory. Early papers focused on a debate 

about measurement of wealth (Quesnay 1758), which is outwardly observable, versus 

pleasure (Jevons 1871), which was not directly observable. Quesnay claimed that land 

was the only source of wealth, and sought to describe how this wealth would be 

distributed among the members of a nation (1758). Adam Smith’s Wealth of Nations 

(1776) was paramount in changing economic focus away from land distribution. His 

work discussed the interaction of labor and land to create wealth. Later work by Ricardo 

(1817) and others extended these principles by including scarcity in the valuation of a 

good, and describing how specialization could be advantageous for producers of goods. 

While different in descriptive content, all of these economists focused on studying 

efficient allocation of goods in an economy. 

Economists in the late 1800s began to question this system of economic 

measurement. Jeremy Bentham and John Stuart Mill championed the philosophy of 

utilitarianism, a philosophy that examines individuals’ pursuit of personal happiness as an 

economic entity. Bentham’s definition of utility in Introduction to the Principles of 

Morals and Legislation (1823/1988) states, “By utility is meant that property in any 

object, whereby it tends to produce benefit, advantage, pleasure, good or happiness” (pg. 

2). Jevons (1871/1970) went further, “But it is surely obvious that Economics does rest 

upon the laws of human enjoyment; and that, if those laws are developed by no other 

science, they must be developed by economists” (pg. 102). These early economists felt 

the goal of economics was to understand the inner drives of people, not just predict the 
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choices they made. The focus of economics began to move away from the efficient 

allocation of goods to a measurement of human happiness or utility. 

 

1.1 Expected Utility Theory 

 However, economists of the time worried that measuring utility was not possible. 

Even while Jevons claimed economics needed to study human enjoyment, he pointed out 

that preferences could not be measured directly. Like psychologists of the time (Watson 

1913, Skinner 1938), economists soon began to skirt the need to study unobservable inner 

processes like utility or happiness.  The measurement debate was largely ended in 1938 

by Paul Samuelson.  

In his influential paper “A Note on the Pure Theory of Consumer’s Behavior” 

(1938) Samuelson rang the death knell for the study of inner processes. He showed that 

with a few assumptions (transitivity, completeness and utility maximization)1, revealed 

preference was all that was necessary to model economic behavior. Acceptance of these 

assumptions meant there was no need to directly measure utility or any other inner 

processes. The majority of future works in neoclassical economics (as well as other 

decision sciences) would eventually be based on revealed preferences. 

Economics became a normative science2 when revealed preference (and the 

associated assumptions) became the dominant logic for the discipline. Economists could 

                                                 
1 Transitivity is the assumption that for all x, y, and z: if x is preferred to y and y is preferred to z, then x is 
preferred to z.  
Completeness is the assumption that for all x and y: either x is preferred to y or y is preferred to x, or one 
is indifferent between them.   
Utility maximization is the assumption that people will choose the option that gives them the most 
pleasure, or least pain. 
2 Normative theories in decision making describe how people should behave.  In contrast, descriptive 
theories in decision making describe how they actually behave. 
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say what people should do to maximize utility if they adhered to certain basic 

assumptions. Future research would cast doubt on the assumption of transitivity and other 

assumptions (Allais 1953, Kahneman and Tversky 1979, Thaler 1980), but economics 

would still be valued for determining how resources should be allocated if individuals 

behave in a utility maximizing way. 

Unlike their colleagues in psychology, who began to incorporate cognitive 

theorizing in their research (Miller 1956, Simon 1955), economists in the 1940s and 

1950s removed themselves even further from cognitive explanations for economic 

decisions. Theorizing by von Neumann and Morgenstern (1944) and Friedman and 

Savage (1952) continued the use of revealed preferences to extend utility theory into 

choices that had a series of probabilistic outcomes (also called lotteries). Their model, 

expected utility theory (EUT), modeled behavior using the following equation: 

 (1) U(p) = Σ
n

i=1 π(xi)u(xi) 

Where:  

xi = an event in a lottery, 

n = the number of events in the lottery, 

U(p) = the utility derived from a lottery,  

u(xi) = utility of outcome “xi”, and 

π(xi) = probability of an outcome “xi”, 

 
It is assumed that consumers choose the option with the greatest utility3, U(p). This 

extension of utility theory was important in defining human decision making since many 

                                                 
3 For instance, an individual might have the choice between 1) a certain outcome of winning $10, or 2) a 
risky outcome with a 50% probability of winning $25 and a 50% probability of winning $0.  The certain 
outcome would be described as U(certain) = 1*u($10) = u($10) whereas the risky outcome would be 
described as U(risky) = .5*u($25) + .5*u($0). The preference for the two outcomes will depend on the 
individual’s subjective utility for $25, $10, and $0.   
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decisions in market economies have probabilistic outcomes. Expected utility theory has 

been used to describe behaviors in areas such as health care spending (Adams et al. 

2003), public goods (Smith 1979), auto purchases (Akerlof 1970), and even addiction 

(Becker and Murphy 1988).  

 

1.1.1 Violations of Utility Theory 

 While mainstream economics has continued to follow Samuelson’s theorizing of 

revealed preferences, some notable exceptions exist. At the same time that Chomsky 

(1959) was debating behaviorists in psychology, Herbert Simon (1955) was questioning 

the revealed preference assumptions of utility theory. Simon had a unique understanding 

of the area. Besides being an influential economist, Simon was an early pioneer in 

artificial intelligence. His research in artificial intelligence had an influence on how he 

viewed economic decision making. 

 Simon’s study of artificial intelligence led him to consider the computational 

limitations of the cognitive machinery that was supposed to be making economic 

decisions. He concluded that the human brain could not perform the complex calculations 

that were necessary to achieve economically optimal outcomes. This line of inquiry led to 

two of Simon’s greatest contributions to economics, the related concepts of “bounded 

rationality” and “satisficers”. Bounded rationality is the notion that humans have limited 

cognitive capabilities and limited information. Therefore, they can not act as 

economically rational agents. Instead, they use heuristics - or mental shortcuts - to select 

options that are “good enough”, given cognitive and time limitations. Since people pick 

good enough instead of utility maximizing options, Simon referred to them as 
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“satisficers”. This work led others to investigate violations of economic theories. Later, it 

would lead to new theories for describing human behavior. 

Other researchers in economics began to question the normative assumptions of 

Neoclassical Economics (Allais 1953, Ellsberg 1961, Thaler 1980). While many did not 

specifically model the cognitive limitations described by Simon (1955), they did 

document violations of economic assumptions that suggest these limitations exist. The 

Allais Paradox, Ellsberg Paradox and the Endowment Effect are all examples of 

systematic violations of expected utility theory’s predictions. Furthermore, as we will see, 

some can be explained by a rival explanation of economic behavior, prospect theory. 

 

1.1.2 Allais Paradox 

In a series of studies, Allais (1953) showed that people systematically and 

consistently violated expected utility theory. For instance, consider a choice between two 

lotteries (Allais 1953): 

Lottery 1: $100 with certainty 

Lottery 2: $0 – 1% chance, $100 – 89% chance, $500 – 10% chance 

In this case, most people choose lottery 1. We can compute the expected utility for the 

outcomes using equation 1 from page 14 as follows:   

Assuming4:  u(100) = y 
u(0) = 0 
u(500) = z 
U(p) = Σ π (x)u(x) 
   

                                                 
4 Since u(100) = y, it is tempting to say u(500) = 5y.  However, that would be assuming a linear utility 
function.  In fact, most would assume diminishing returns so that u(500) < 5y.  In this example, I will use 
“z” so that no functional form (diminishing, linear, or increasing) needs to be assumed.  “Z” may be more, 
less, or equal to “5y”. 
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If people prefer lottery 1, then:    
 

U(Lottery 1) > U(Lottery 2) 

=>   (1) · u(100)   > (0.01) · u(0) + (.89) · u(100) + (.1) · u(500) 

=>   (1) · y        > (0.01) · 0 + (.89) · y + (.1) · z 

=>           y            > .89y + .1z 
 
So:                 .11y > .1z 

Subsequently, the same subjects are asked to make a choice between the 

following lotteries (Allais 1953): 

 Lottery 1: $0 – 89% chance, $100 – 11% chance 

 Lottery 2: $0 – 90% chance, $500 – 10% chance. 

 

In this case, most people choose lottery 2.  Using utility theory, we can compute the 

expected utility for the outcomes as follows: 

Assuming:  u(100) = y 
u(0) = 0 
u(500) = z 
U(p) = Σ π (x)u(x)  
  

If people prefer lottery 2, then: 

                       U(Lottery 1) < U(Lottery 2) 

=>  (.89) · u(0) + (.11) · u(100) <  (.90) · u(0) + (.1) · u(500) 

=>                      (.89) · 0+ (.11) · y < (.90) · 0+ (.1) · z 

So:                                     .11y < .1z  
 

Thus, a preference reversal is observed depending on how the gambles are 

framed. These outcomes contradict the predictions from expected utility theory. While 

subjects’ risk preferences might change their preference towards lottery 1 or 2 depending 
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on whether they are risk seeking or risk averse, they ought not to switch their preference 

if the form of the lotteries is changed. Subjects cannot both prefer .11x over .1y and 

prefer .1y over .11x. In a quote from his Nobel Prize lecture, Allais said his results 

demonstrate, “that, for every subject, there was no index, the maximization of whose 

mathematical expectation could explain the observed behaviour.” 

 Paul Samuelson somewhat humorously expressed concern when he said, “I 

sometimes feel that Savage and I are the only ones in the world who will give a 

consistent Bernoulli answer to the questionnaires of the type that Professor Allais has 

been circulating-but I am often not too sure about my own consistency” (Samuelson 

1952, pg. 678). In other words, subjects regularly violated the predictions of expected 

utility theory that Samuelson relied on in his revealed preference paper (Samuelson 

1938). Allais demonstrated intransitivity in preferences for relatively simple choices 

between lotteries. While other economists may have shared Samuleson’s concern, the 

neoclassical economic paradigm continued without changing the assumptions of the 

theory. 

 The Allais paradox shows people violate the assumptions of EUT in a choice 

situation that involves probabilistic decisions. Ellsberg extended this line of research to 

included lotteries with ambiguous outcomes (outcomes with unknown probabilities). 

 

1.1.3 Ellsberg Paradox 

 The Ellsberg Paradox (1961) demonstrates that people evaluate ambiguous 

gambles, or gambles with unknown probabilities, differently than they evaluate gambles 
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with known probabilities. In a typical question, subjects are told that an urn contains three 

different colored balls. In one example, the urn contains 30 red balls, and 60 balls that are 

either black or yellow. The subject initially makes a choice between two gambles: 

 Gamble 1: Win $100 if you draw a red ball 

 Gamble 2: Win $100 if you draw a black ball 

Subjects tend to choose gamble 1, which has a certain, unambiguous probability attached 

to it. Using utility theory, we can compute the expected utility for the outcomes as 

follows:  

    U(p) = Σ π (x)u(x) 

  => P(Red) · U($100) > P(Black) · U($100) 

Since P(Red) = 1/3, we see the equation simplifies to: 

=>                    1/3 > P(Black) 

In a subsequent gamble choice using the same urns, subjects choose between: 

 Gamble 1: Win $100 if you draw a red or yellow ball 

 Gamble 2: Win $100 if you draw a black or yellow ball 

In this round, subjects tend to prefer gamble 2. Using utility theory, we can compute the 

expected utility for the outcomes as follows:  

P(Black) · U($100) + P(Yellow) · U($100) > P(Red) · U($100) + P(Yellow) · U($100) 

             =>         P(Black) · U($100) > P(Red) · U($100) 

 Again, we know P(Red) = 1/3 and the utility of $100 cancels from each side.  

This means: 
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=>  P(Black) > 1/3 

 However, this means subjects subjective evaluation of black being drawn is 

greater than 1/3 and less than 1/3, depending on how the question is framed. Again, like 

the Allais paradox, these preferences cannot be explained by risk preferences (risk 

seeking or risk aversion) since the equations simplify to the same inequality. 

 We can see that subjects who prefer gamble 1 in the first situation should also 

prefer gamble 1 in the second condition if their subjective evaluation of probabilities 

remains constant between these conditions. Likewise, subjects who prefer gamble 2 in the 

first situation should also prefer gamble 2 in the second situation. However, Ellsberg 

demonstrates that subjects tend to choose gamble 1 in the first situation and gamble 2 in 

the second situation. Ellsberg used these results to show people are averse to ambiguity, 

but ambiguity aversion is not explained by EUT. 

 The Allais Paradox and Ellsberg Paradox are just two illustrations that 

demonstrate that people violate the predictions of EUT in choice situations that have 

outcomes that are either probabilistic or are ambiguous in probabilities. This leaves the 

possibility that the violation occurs because of an imperfect calculation of probabilities. 

While there is evidence that people are in fact imperfect at calculating probability, Thaler 

(1980) suggests these violations are not restricted to probabilistic choice. The next 

section will review a phenomenon called the endowment effect (Thaler 1980) which 

describes choice behavior that systematically violates the assumptions of EUT in 

decisions with non-probabilistic outcomes. 
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1.1.4 Endowment Effect 

 The endowment effect is a phenomenon according to which people value an 

object more after they possess it than before they possess it. In a typical endowment 

effect study, a subject might first fill out a questionnaire, then receive a coffee mug as 

compensation (Thaler 1980). A separate group of subjects would fill out the same 

questionnaire, but would be given a chocolate bar, not a coffee mug. Then, each group of 

subjects would be asked how much they would be willing to pay for the chocolate bar 

and for the coffee mug. The group “endowed” with the coffee mug reports a higher 

average valuation for the coffee mug than the group endowed with the chocolate bar. 

Likewise, the group endowed with the chocolate bar reports a higher average valuation 

for the chocolate bar than the group endowed with the coffee mug. Endowing the subject 

with an option results in increasing the amount they would require to part with the object 

compared with the amount they would require for the object with which they were not 

endowed. Expected utility theory’s measure of value is independent of contextual factors 

such as whether or not one is endowed with an object. Because of this independence, 

EUT would predict valuations for the chocolate bar and coffee mug to be identical in the 

endowed and not-endowed groups. Thaler’s demonstration of endowment elicited 

valuation reversals in his subjects, an outcome that cannot be explained using EUT.   

 

1.1.5. EUT Violation Summary 

 The Allais Paradox, Ellsberg Paradox, and Thaler’s endowment effect 

demonstrate three conditions where EUT cannot predict behavior. While useful in 
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demonstrating boundary conditions for the application of EUT, these experiments do not 

propose an alternative way to model behavior. The next section will review alternative 

models of choice that can account for some of these behaviors. 
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1.2 Choice Models 

The above violations of EUT have led researchers to create new theories that are 

more consistent with and thus better at describing individual decision making behavior. 

Not surprisingly, some of the drive to include cognitive limitations in economic 

assumptions came from psychology. Following the work started by Herbert Simon, 

models of choice began to take into account cognitive limitations of decision makers. 

Papers by Luce (1959), Tversky (1972), and Quiggin (1981) proposed models that could 

account for some of the known biases. Eventually, these theories helped inform the major 

alternative to expected utility theory, Kahneman and Tversky’s prospect theory (1979). 

 

1.2.1 Luce 

 Luce (1959) developed one of the first models that explicitly took into account all 

of the alternatives in the choice set to predict the likelihood of selecting an alternative. 

His model provided a probability of selecting an alternative based on the value of the 

alternative divided by the summed values of the other alternatives. The model can be 

represented with the following equation (Luce 1959): 

 (2)  PT(x) = v(x) / ∑
y∈Τ

v(y) 

 

Where: PT(x) is the probability that alternative “x” from set “T” will be chosen 

v(x) is a value for alternative “x”  

∑
y∈Τ

v(y) is the summed value of all other alternatives “y” in set “T”  
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McFadden (1974) applied this model of choice behavior to economic models when he 

created the multinomial logit model. This model has been used to describe many 

economic behaviors including choices of transportation mode, automobile purchases, and 

marriage decisions (McFadden 2003). 

 One problem with the multinomial logit model is that the relative odds of 

selecting two options remain the same when an additional option is added or removed. 

For instance, if we start with two options that have a 50/50 share of choices, then adding 

a third option that takes 20% of the share should leave the other two with 40% each. The 

third option takes an equal share from the original options and cannot change the relative 

preferences of the original options. This restriction is called independence from irrelevant 

alternatives (IIA).  

The IIA restriction is seen by many as too restrictive. McFadden (1980) himself 

described problems with this restriction with the example of a choice set containing a red 

bus and a car. Imagine a blue bus is added to the choice set. The IIA restriction assumes 

the blue bus takes equal shares from the red bus and the car, but this clearly would not be 

the case. Instead, we would expect the most similar option (the red bus) to lose a larger 

share. This expectation is commonly referred to as the similarity substitution hypothesis 

(Tversky 1972). 

 

1.2.2 Tversky 

Amos Tversky observed subject choice behavior and suggested that people 

sometimes evaluate options by looking at one aspect (or attribute) at a time and eliminate 
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options based on these evaluations. He called this behavior “elimination by aspects”. This 

process continues until only one option remains. 

Tversky’s model has the advantage that it doesn’t require the IIA assumption. 

Consider the previous example of the red bus and a car. When the blue bus is added, 

elimination by aspects would allow a disproportionate share of the choices for the blue 

bus to come from the red bus if an aspect of the red bus is seen as substandard. The IIA 

restriction does not apply to Tversky’s model since the addition of a blue bus can change 

the relative preferences for the original options (red bus and car). Unfortunately, 

elimination by aspects still suffers from a weaker restriction5: regularity. Regularity states 

that the probability of choosing an option from a set A should be at least as great as from 

set B, if A is a subset of B. In other words, if people can choose between options I, II, and 

III, then removing I shouldn’t decrease the number of people who choose II. While less 

restrictive than the IIA assumption, regularity has still been shown to be violated in some 

choice situations6.  

 

1.2.3 Rank Dependent Utility 

 Rank dependent utility models such as the ones proposed by Quiggin (1981) and 

Schmeidler (1989) address violations of expected utility in probabilistic choice. Quiggin 

models decisions with known probabilistic outcomes while Schmeidler extended the 

                                                 
5 Regularity is a weaker restriction as all models that require the IIA assumption also have the assumption 
of regularity, but regularity does not necessarily imply IIA. 
6 One example of this is the decoy effect (Huber, Payne and Puto 1982).  This paper demonstrated that 
adding a normatively irrelevant alternative often leads to an increase in the choice share of one of the 
original alternatives.  This literature is discussed later in the paper. 
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model to decisions where outcome probabilities are ambiguous. In these models, the rank 

dependent utility (RDU) of a lottery is given by the following function: 

 (3)  RDU = ∑ πj U(xj)    

Where: U(xj) is the utility of outcome xj 

xj = an outcome 

πj = a subjective decision weight  

 
At first glance, this looks very similar to EUT. However, decision weights in this model 

are not probabilities. Instead, decision weights are subjective evaluations of probability. 

Weighting can be done several ways, but all rank dependent theories assume decisions 

weights are nonnegative and sum to 1. One example of this decision weighting would be 

to rank order options from bad to good. The bad options could then be over-weighted, 

while good options are under-weighted7, as compared to objective probabilities.  

 Rank dependent models are useful for describing normative violations in risky 

decisions, but do not address riskless violations such as the endowment effect. In fact, 

rank dependent models share most characteristics with expected utility. As Diecidue and 

Wakker (2001) point out, expected utility is just a special case where the weight (πj ) 

agrees with probability (pj) for every outcome.  

 

                                                 
7 Consider the choice of a lottery with 3 monetary outcomes (-$5, 0 and $10) with respective probabilities 
(1/6, 4/6, 1/6).  EUT would say the expected payout of this lottery is about $0.83.  RDU replaces the 
original probabilities with a weighting function.  One possibility is to overweight the bad option yielding 
(2/6, 3/6, 1/6).  The RDU of this lottery is now $0. 



 23

1.3 Prospect Theory 

While the models discussed above (Luce 1959, Tversky 1972, Quiggin 1981) 

were able to describe some of the normative violations that had been observed, none took 

the place of EUT as the dominant model of choice behavior. In addition, while some 

assumptions are relaxed in each, all still retain the assumption of regularity. Following 

Simon (1955), Kahneman and Tversky (1979) created a new theory of choice that was 

less concerned with optimal allocation of goods. Instead, they examined how cognitive 

limitations and perceptual biases affect choice. Kahneman and Tversky’s prospect theory 

(1979) was the first major challenger to EUT, and focuses on describing actual behavior 

instead of prescribing normative behavior. 

 

1.3.1 Overview of Prospect Theory 

Prospect theory differs from utility theory in several ways. First, Kahneman and 

Tversky model choice as a two stage process. The first stage is an editing phase. This 

phase simplifies how options are represented. One editing function of note proposes that 

options are coded as gains and losses relative to a reference point. Other editing functions 

combine and separate outcomes to make them easier to compare. An implication of this 

editing stage is that preference can change if contextual factors change. For instance, if a 

subject first combines outcomes (to simplify), then codes them as gains and losses, they 

might have a different order of preferences than if they first code outcomes as gains and 

losses, then combine them for simplification. A contextual factor such as presentation 

order could change the sequence in which editing occurs. 
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The second phase is similar to EUT. In this phase, the edited options are 

compared and a preferred option is selected. Prospect theory models this phase with the 

following equation: 

(4)  V(X) = ∑ π(p)v(x) 

Where: V(X) = the value derived from a lottery (or probabilistic series of 
events) 

x = an event 

π(p) = the subjective weighting function for event x 

v(x) = the value of outcome x  

 An illustration using this equation to explain the Allais Paradox is provided in the 

next section. 

 

1.3.2 The Weighting Function 

One important difference between expected utility theory and prospect theory is 

that probability weights in prospect 

theory are defined by the function 

π(p). This weighting function 

overestimates probabilities near but 

under 0.33, underestimates 

probabilities near but over 0.33, and 

over estimates changes from 

absolute probability (p=1) and 



 25

absolute improbability (p=0)8. This functional form could describe several phenomena. 

For instance, overestimation of probabilities near absolute improbability can help explain 

the purchases of lottery tickets as people overestimate their odds of winning. 

This weighting function can also describe the Allais paradox. Recall Allais 

offered subjects a choice between two lotteries. The first lottery had the following 

options: 

Lottery 1: $100 with certainty 

Lottery 2: $0 – 1% chance, $100 – 89% chance, $500 – 10% chance  

The second lottery had the following options: 

Lottery 1: $0 – 89% chance, $100 – 11% chance 

 Lottery 2: $0 – 90% chance, $500 – 10% chance. 

Allais found subjects would pick lottery 1 in the first choice set, and lottery 2 in the 

second choice set. As we saw earlier, this cannot be explained by EUT. It can however be 

explained by prospect theory’s weighting function. In the first set of choices, subjects 

correctly estimate the value of $100 with certainty (p = 1.0), but subjectively 

overestimate the probability of winning $0 (p = 0.01) and subjectively underestimate the 

combined odds of winning $100 and $500 (p = 0.89 + 0.10 = 0.99). This underestimation 

results in a bias towards selecting Lottery 1. In the second set of choices, subjects 

underestimate the probability of winning $0 (p = 0.89 or p = 0.90) and overestimate the 

odds of winning either $100 (p = 0.11) or $500 (p = .10). Since the biases go in the same 

                                                 
8 Kahneman and Tversky’s original weighting function had the subjective weighting function cross the 
objective probability function under 0.25.  Subsequent studies have estimated the crossing over 0.3 (Prelec 
1998, Tverksy and Kahneman 1992, Tversky and Fox 1994, Wu and Gonzalez 1996). 
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direction for either option, subjects prefer Lottery 2 relatively more than in the first set of 

choices.  

Kahneman and Tversky (1979) demonstrate that these results could mean that 

subjective probabilities add to a number that is less than 1. Therefore, the original 

formulation of prospect theory stated that π(p) did not have to add to unity, and would 

often be less. This property of the weighting function had the unfortunate consequence 

that preferences could violate stochastic dominance9. In addition, subunity in 

probabilities could be difficult to model.  

 

1.3.3 The Value Function 

A second major difference between prospect theory and expected utility theory is 

the value function defined by v(x). As previously noted, the subjective value of an 

outcome is coded as a change in state relative to a reference point. Outcomes that are 

smaller than the reference level are losses whereas outcomes that are larger than the 

reference level are gains. This creates a value function with both gains and losses 

whereas the utility function in EUT generally has only one function to describe gains or 

losses. In addition, the value function is concave in gains and convex in losses, with a 

steeper slope in the domain of losses (see below). The steeper slope in the domain of 

losses reflects human nature to feel losses more heavily than gains, a tendency named 

“loss aversion”. 

 

                                                 
9 Violations of stochastic dominance mean that people could prefer options that are worse even when the 
worse option is certain.  This violation can also be resolved in the editing phase without need for a new 
weighting function. 
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1.3.4 Explanation for Violations of Utility Theory 

 Thaler (1980) proposed that the results from his endowment effect studies could 

be explained using the property of loss aversion. As we saw earlier, endowing a subject 

with either a coffee mug or chocolate bar had the effect of increasing their valuation of 

the endowed option relative to the non-endowed option. Thaler proposed that endowment 

changed the reference point that the subject used to evaluate the options. The endowed 

option became the reference point to compare options against. When subjects evaluated 

giving up the endowed option, their valuations were on the loss side of the reference 

point. However, when considering the purchase of the non-endowed option, their 

valuation was on the gain side of the reference point. Since losses are felt approximately 

Losses Gains

Value
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2x more than gains, the loss of the endowed option was valued relatively more than the 

gain of the non-endowed option. 

 The above examples demonstrate that prospect theory can describe behavior that 

EUT cannot explain. The Allais Paradox can be explained with the properties of the 

subjective weighting function where probabilities under 0.33 are over weighted and 

probabilities over 0.33 are under weighted while the Endowment Effect can be explained 

with shifting reference points and loss aversion in the value function.  

 Prospect theory’s focus on violations of normative expectations has led to a 

theory that does a better job than EUT at describing many of the decisions that people 

make. However, there are ambiguities in the application of prospect theory. For instance, 

although most agree people judge options against a reference point, there is often no 

reason to select one potential reference point over another. Kahneman and Tversky say 

the reference point could be the status quo, but there are times when the reference point 

could be an aspiration level or expected gain or loss (Kahneman and Tversky 1979).  

Also troubling are examples such as the Ellsberg Paradox. Choice patterns in the Ellsberg 

Paradox cannot be described by prospect theory (table 1 summarizes how EUT and 

prospect theory deal with the Ellsberg Paradox, Allais Paradox, and the Endowment 

Effect). These violations may be a result of the shared assumptions of prospect theory 

and expected utility theory. The next section will describe these shared assumptions. 
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Summary of Expected Utility Theory Violations 

 

 Citation Violation of 
Transitivity 

Demonstrates 
Violation of 

IIA 

Demonstrates 
Violation of 
Regularity 

Prospect 
Theory can 

explain 

How Does 
Prospect Theory 

Explain 
Allais Paradox Allais, 1953 Yes No No Yes Subjective 

Weighting 
Function 

Ellsberg 
Paradox 

Ellsberg, 1961 Yes No No Maybe Possible in editing 
phase 

Endowment 
Effect 

Thaler, 1980 Yes Yes Yes Yes Shifting Reference 
Points 

 

 

 

Table 1: EUT/prospect theory violations
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1.4 Violations of Utility Theory and Prospect Theory 

Although they differ in important ways, prospect theory and expected utility 

theory share several assumptions. Both hypothesize choice can be described as utility (or 

value) maximization. Further, both model choice using two factors: the utility (or value) 

of an outcome and probabilities (or subjective probabilities) of the outcome. Finally, 

because of these assumptions, both theories capture preferences from subjects as 

characteristics of the value and probability functions (see table 2 for a summary). 

The next section will review conditions under which predictions from both EUT 

and prospect theory are systematically violated. First, implications of the Ellsberg 

Paradox will be reviewed. Ellsberg demonstrated ambiguity aversion, a property that is 

not predicted by either EUT or prospect theory. Second, research in affective forecasting 

typified by the Peaks and Ends rule will be reviewed to see whether choices always can 

be modeled with a theory that maximizes utility (or value). This research has found 

people misremember how enjoyable or painful experiences were, and then pick 

alternatives that are normatively inferior (Redelmeier and Kahneman 1996). Finally, 

research by Lichtenstein and Slovic (1971, 1973) will be reviewed. These papers 

demonstrate that people often order preferences differently depending on whether they 

are valuing options (making judgments) or choosing options (making choices). This 

result suggests preferences may be specific to a decision task, not uniform across 

valuation and choice. If this is the case, choices may not be a function of value 

maximization.  
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Similarities/Differences between Expected Utility Theory and 
Prospect Theory 

 

 

 

 Expected Utility Theory Prospect Theory 

Choice Determination People choose options that 
maximize utility 

People choose options that 
maximize value 

Function that determines 
choice 

U(p) = Σ π(x)u(x) V(X) = ∑ π(p)v(x) 

Uncertainty π(x) – direct 
correspondence to objective 
probabilities 

π(p) – subjective evaluation 
of probability with biases 

 

Valuation u(x) – gains only.  No 
reference point 

v(x) – gains and losses 
based on a reference point 

Editing function None Choice tasks simplified and 
other things 

 

 

 

Table 2: EUT and prospect theory
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1.4.1 Ellsberg Paradox 

 Preferences for outcomes that were described either probabilistically or 

ambiguously were reviewed earlier in this dissertation. In certain situations (as 

demonstrated by Allais) when outcomes were probabilistic, subjects’ choices violated the 

predictions of EUT, but can be explained by prospect theory. The Ellsberg Paradox 

extended this research to outcomes that were ambiguous. Depending on how questions 

were framed, subjects either subjectively evaluated the probability of an outcome as 

greater than 1/3 or less than 1/3. Again, we saw that subjects’ behavior violated the 

predictions of EUT. However, unlike the Allais Paradox, prospect theory cannot explain 

this pattern of choices. Ellsberg’s manipulations do not change the value of the outcome 

or the objective probability of the outcome. Therefore, prospect theory would predict no 

change in the value and subjective probability assigned to the outcomes. Neither prospect 

theory nor EUT can explain ambiguity aversion. 

 

1.4.2 Peaks and Ends 

 Researchers in psychology have directly studied subjects’ ability to predict future 

happiness based on past experiences. They find subjects’ recollections of pleasure (or 

pain) for past experiences are biased by certain characteristics such as the duration and 

peak pleasure of the experience. Further, their research may cast doubt on our ability to 

select the option that we have previously experienced as the value maximizing 

alternative. 

In one study (Kahneman, et al. 1993), subjects were asked to place their hand in 

painfully cold water for two different time frames. During the short trial, subjects held 
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their hand in the cold water for one minute. During the long trial, subjects held their hand 

in the same temperature water for one minute and then kept their hands in for an 

additional 30 seconds while the temperature of the water was increased by 1 degree 

Celsius (still considered painfully cold). During each trial, subjects continually reported 

their subjective discomfort. As expected, subjects reported similar levels of discomfort 

for the first minute of each trial, and slightly less discomfort (but not pleasure) during the 

next 30 seconds of the longer trial. In addition, subjects subjectively reported that the 

longer trial was indeed longer than the short trial. Then subjects were asked to choose 

which of the two trials they would prefer to repeat. The majority of the subjects (69%) 

asked to repeat the longer trial – even though that trial consisted of an additional 30 

seconds of discomfort in addition to an identical level of discomfort for the first minute. 

While this finding is counter to intuition, it does follow a theory in affective 

forecasting called the peaks-and-end rule (Fredrickson 2000). This rule states that people 

overrate the highest level of pain (or pleasure) and the last experienced pain (or pleasure) 

and discount temporal information when predicting future affect based on past affective 

experiences. Subjects who left their hand in water for the additional time experienced an 

identical peak level of displeasure with a longer duration of displeasure. However, their 

final experience of displeasure was slightly more favorable (or less unfavorable) than the 

final experience of displeasure for the other group. Since “ends” are highly utilized in 

evaluations while duration is not, the group with the longer trial evaluated the trial more 

favorably that the group with a shorter trial.  

Redelmeier and Kahneman (1996) investigated this phenomenon further in 

patients who were receiving a colonoscopy or lithotripsy. Both procedures involve a 



 34

significant amount of discomfort. In fact, more than 25% reported their subjective level 

of pain reached a level of 10, which was the maximum level on the scale. The researchers 

thought this was an important area to study since subjects’ recollections of pain shape 

future medical decisions. Further, any bias in memory could negatively affect their 

health. 

Redelmeier and Kahneman (1996) found results that were similar to Kahneman et 

al. (1993). Following is a description of the patients’ pain reports. Patient A had a shorter 

procedure than patient B. Patient B had very similar pain reports for the first part of the 

procedure, but then had 15 minutes more of the procedure that was less painful than the 

first part. However, after the procedure, subjects with subjective experiences like patient 

A felt the whole procedure was more painful than subjects like patient B. Clearly, 

subjects discounted the temporal aspect of the procedure. Subjects do not aggregate pain 

over the procedure. Instead, Redelmeier and Kahneman show subjects’ report of pain 

correlates with a model that weights peak and end pain intensity more than other times 

during the procedure10.  

This weighting of peaks and ends in subsequent evaluations is not limited to 

negative affective events. Similar results have been reported for positive affect as well. 

Positive events that have been studied include watching pleasurable movie clips and 

evaluating pleasurable relationships (Frederickson 2000). 

                                                 
10 This example specifically demonstrates that temporal aspects of the procedure were discounted and that 
pain intensity at the end of the procedure is predictive of subsequent pain evaluations.  The importance of 
peak pain intensities was determined by regression models that included multiple aspects of the procedure 
including peak and end pain intensities as well as evaluations at other times and the summation of pain 
evaluations over time.   
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 This research casts doubt on our ability to choose the options that maximize 

value, or in the case of the colonoscopy, minimize pain or cost11. It seems our 

recollections of past experiences do not always help us maximize the value of future 

selections. But some might say that while we are imperfect in predicting utility, we still 

attempt to maximize utility when making a choice. Recent studies indicate this may not 

actually be the case. The experiments by Lichtenstein and Slovic (1971, 1973) described 

below examine the possibility that we do not actually choose the value maximizing 

alternative. 

 

1.4.3 Lichtenstein and Slovic Lottery Studies 

Lichtenstein and Slovic describe a series of experiments in 1971 and 1973 that 

seem to demonstrate that people do not maximize value when making choices. In a 

typical study, subjects were asked to choose from 2 lotteries. For example: 

 Lottery 1:  P = 9/12 of winning $1.20 and P = 3/12 of losing $0.10 

 Lottery 2:  P = 3/12 of winning $9.20 and P = 9/12 of losing $2.00 

In this case, Lichtenstein and Slovic found subjects tended to choose lottery 1. Later, 

subjects were asked to place a value on the same two lotteries. Now, subjects were 

willing to sell Lottery 1 for less than Lottery 2. This indicates subjects placed a higher 

value on Lottery 2, but choose Lottery 1. These findings are a direct refutation of the 

assumption that people select the option with maximum judged value (as measured by 

willingness-to-pay).  

                                                 
11 It is also interesting to note that this research brings us full circle to early utility theory debates when 
some theorists tried to explicitly connect feelings of pain and enjoyment to utility. 
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While Lichtenstein and Slovic clearly demonstrate the value maximization 

assumption is questionable, the question remains, how often is this assumption violated? 

Most people intuitively feel they try to pick the best option. The next section will 

examine several lines of research that cast doubt on the accuracy of subjects’ 

introspective reports. 

 

1.5 Limits to Introspection 

The previous pages review major consumer decision making models such as 

expected utility theory and prospect theory and demonstrate systematic violations of 

these models. While economists may be comfortable that the assumptions underlying 

expected utility theory are close enough approximations of group behavior to make 

efficient resource allocations, decision making researchers - whose focus is on choice 

behavior at the individual level - are left with incomplete and often inaccurate models of 

decision making processes. 

A common issue with all of the studies reported above is the reliance on self 

report. Most studies ask subjects to make a choice, and several ask subjects to describe 

aspects of their choice process such as willingness-to-pay for an item, or anxiety level 

while making a decision. The value of these techniques lies in the assumption that we 

have access to our inner, cognitive functioning. Many researchers (Nisbett and Wilson 

1977, Gazzaniga 1995b, Johansson et al. 2005) question this assumption. 
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1.5.1 Unconscious Processes 

Nisbett and Wilson (1977) reviewed multiple lines of research that indicate 

people are not aware of their own cognitive processes. They find people are not always 

aware of stimuli that affect their responses or actions. Further, they find subjects often are 

no better at reporting their inner processes than an outside observer. This indicates 

subjects may not be reporting based on introspection. Rather, they report based on naïve 

theories that can explain their behavior.  

 

1.5.1.1 Placebo – Shock Tolerance 

In one study (Zimbardo et al. 1969), two groups of subjects were exposed to a 

series of shocks. One group was given a pill that they were told would give them physical 

symptoms such as an irregular heart beat and breathing, when in fact the pill was a 

placebo. The second group did not receive the pill. Subsequently, subjects who received 

the placebo withstood more shocks with higher amperage than subjects who did not 

receive the placebo. This increased shock tolerance apparently occurred because subjects 

misattributed their physical symptoms from the electric shocks to symptoms from the 

pills. However, when subsequently asked about their ability to tolerate shocks, subjects in 

the placebo condition didn’t think the pill affected their ability to tolerate shocks. This 

belief persisted even after the researchers told them about the design of the experiment. 

This study demonstrates that subjects were unaware of the cognitive processes that 

allowed them to withstand electric shocks. 
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1.5.1.2 Special Knowledge of Our Own Actions? 

In other studies (Nisbett and Bellows 1976), subjects were grouped as 

experimental and observational subjects. The experimental subjects actually performed a 

task, while the observational subjects were just asked to report what effect, if any, a 

stimulus would have on the experimental subject. For instance, experimental subjects 

would be asked if the presence of another person changed their behavior while 

observational subjects would be asked if the presence of another person would change the 

behavior of a different subject (not themselves). Over a range of studies, Nisbett and 

Wilson found experimental and observational subjects had no discernible differences in 

response. Regardless of whether the responses were correct or incorrect, both groups of 

subjects predicted the same change in behavior. Nisbett and Wilson point out that this is a 

problem. If both groups have the same answers, it indicates the experimental subjects 

(who actually went through the experience) had no special knowledge. Nisbett and 

Wilson (1977) concluded, “When subjects were asked about their cognitive processes, 

therefore, they did something that may have felt like introspection but which in fact may 

have been only a simple judgment of the extent to which input was a representative or 

plausible cause of output” (pg. 249). 

 

1.5.1.3 Critique of Nisbett and Wilson (1977) 

While Nisbett and Wilson’s conclusions made a big impact on research, many 

social psychologists disagreed or ignored their message. Adair and Spinner (1981) claim 

that the studies cited by Nisbett and Wilson (1977) were incomplete. Demand 

characteristics in some of the studies may have made the results unreliable. Further, they 
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point out some other studies may have gleaned important insight into cognitive functions 

using self report even if certain studies reported by Nisbett and Wilson didn’t work. To 

learn more about our ability to observe our inner cognitive processes, additional studies 

were needed that did not suffer from these same weaknesses.  

The next section will review work by Gazzaniga (1995a) and other 

neuroscientists. These researchers were able to demonstrate conditions where patients 

with brain lesions were unaware of cognitive processes driving their actions. The studies 

provide additional support to the claim that people are not always aware of why they 

choose certain actions over others and do not suffer from the same weakness mentioned 

by Adair and Spinner. 

 

1.5.2 Further Evidence of Limited Introspection 

1.5.2.1 Split-brain Patients 

One particularly illustrative example of subjects making, “a representative or 

plausible cause of output” involves the case of split-brain patients. In some rare and 

unfortunate circumstances, patients with severe forms of epilepsy don’t respond to 

medication. Many of these patients elect to undergo a surgical procedure in which the 

primary connection between the hemispheres of the brain, the corpus callosum, is cut. 

This creates a unique situation where experiments related to laterality of the brain can be 

conducted.  

In one experiment, Gazzaniga and colleagues (Gazzaniga 1995b) asked split brain 

patients to sit in front of a screen where images were flashed to the right and left of the 

center. Images presented to the right visual hemifield are processed in the left hemisphere 
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of the brain and vice versa. After the images were flashed, patients were asked to select 

an image from a series of illustrations that matched the images that were flashed in front 

of them. For example, one patient saw an image of a chicken claw on the right visual 

hemifield, and an image of a snow scene on the left visual hemifield. 

This patient pointed to a shovel with his left hand and a chicken with his right 

hand. When asked why he picked these images, the subject responded, “The chicken claw 

goes with the chicken, and you need a shovel to clean out the chicken shed.” The subject 

should have said the shovel matched the snow scene. However, cutting the corpus 

callosum severed the connection between the right and left hemispheres of the brain so 

that language areas in the left hemisphere could not have knowledge of the snow scene, 

but did have knowledge about the chicken claw and the choice that was made. This 

means the subject’s language areas were not aware of the stimuli used to make decisions 

with his left hand. Further, the subject’s left hemisphere “made up” a plausible but 

demonstrably incorrect response based on the information it had available. Like Nisbett 

and Wilson, Gazzaniga suggests we may not be consciously aware of our inner processes. 

His research goes further to explain how we make up reasons even if we aren’t 

consciously aware we are doing it. 

 

1.5.2.2 Switching Faces 

Johansson et al. (2005) have evidence of a similar phenomenon using subjects 

with no lesion to their corpus callosum. Subjects were shown a pair of pictures and asked 

to choose the one they considered most attractive. After the choice, they were asked to 

describe why they preferred one picture to the other. During some trials, the experimenter 
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exchanged one photo for the other. This manipulation meant subjects in some trials stated 

the reason for their preference for the photo they actually preferred, while in others, they 

ended up stating a reason for their “preference” for the photo they actually preferred less. 

Surprisingly, the face switch was only detected 13% of the time. Further, subjects were, 

1) able to give reasons for their “preference” for the option they initially did not prefer, 

and 2) the reasons given for options that the subject actually preferred were similar in 

content to the reasons the subjects gave for options they actually had not preferred. This 

study provides more direct evidence that we have less introspective awareness of our 

preferences than we generally feel. 

While this disconnect between our actions and conscious awareness of cognitive 

processes has been well known for quite awhile, it has so far made little impact in many 

areas of decision making research. The reason for this disconnect is probably the 

historical reliance on revealed preferences (while ignoring utility or valuation) and the 

difficulty in measuring cognitive processes using paper and pencil self-reports that are 

relevant to decision making. Recent advances in neuroscientific techniques are beginning 

to change this. These advances have begun to draw the separate disciplines that study 

decision making together, and may lead to better descriptions of the choice process. 
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2. Neuroscience in Decision Making Research 

 Important discoveries in the 1950s and 1960s significantly improved our ability to 

observe the inner workings of the human decision making mechanism. Earlier 

neuroscience studies were limited to studying subjects with brain lesions, dissection of 

brains after death, or animal studies, because of the invasiveness of brain measurement 

techniques. The discoveries in these decades led to relatively non-invasive techniques 

such as electroencephalography (EEG), Magnetoencephalography (MEG), positron 

emission tomography (PET), and functional magnetic resonance imaging (fMRI) 12. EEG, 

MEG, PET, and fMRI allowed researchers to investigate the inner workings of the brain 

in healthy subjects while subjects performed cognitive tasks. This ability created a link 

between brain functioning and outward behavior that previously had not been possible. 

At the same time, these techniques brought together the decision making studies related 

to physical structures (physiology, biology, and medicine), cognition (psychology, 

political science, and sociology) and market exchange (economics and marketing).  

 

2.1 Phineas Gage 

 The value of neurological information to decision making research became 

apparent well before these imaging techniques were possible. Traumatic brain lesions 

provided some of the earliest information regarding the brain’s function in willful action. 

Perhaps the most famous example is the case study of Phineas Gage. Phineas Gage was a 

construction worker working on a railroad in 1848 when an explosion threw a 3 foot 7 

inch iron through his head. Most people would have assumed he would die from such an 

                                                 
12 For a history and technical description of brain imaging see appendix – Neuroimaging Techniques 
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injury, but he seemed relatively unharmed considering the injuries. In 10 weeks he left 

the hospital, and within a year he was back at work. Unfortunately, while he seemed to 

have healed physically, his personality had changed for the worse. Prior to the accident, 

people claimed he was well adjusted. After the accident, he was easily angered and 

profane. At the time, Harlow (1868) attributed this change in behavior to damage in the 

frontal region of the brain. A recent reinvestigation of this case using modern 

neuroimaging techniques has shed more light on Gage’s case. Hanna Damasio et al. 

(1994) used x-rays to image Gage’s skull and Brainvox to localize the damage caused by 

the iron. They suggest damage to Gage’s skull was localized in the right and left 

prefrontal cortices and this damage caused Gage’s antisocial behavior. Other studies have 

linked this area to emotional processing and social behavior demonstrating that damage 

to this area decreases the ability to change inappropriate behavior after a negative 

outcome is experienced (Eslinger and Damasio 1985, Dehaene and Changeux 1991). 

Cases like Phineas Gage helped advance our understanding of brain functions by 

demonstrating localization of mental processes and by improving insight into the specific 

functionality of some areas of the brain. 

Brain lesion studies give important information about the function of the brain by 

showing how behavior changes when an injured part of the brain is no longer able to 

function. One major limitation with this technique is that we are limited to studying 

individuals who are not functioning within “normal” behavioral patterns. In studies of 

economic behavior, researchers are typically interested in the functioning of healthy 

brains.  
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Luckily, advances in brain imaging techniques have allowed us to study how the 

brain functions in normal, healthy subjects. These techniques have been used by 

economics researchers for the past decade and have spawned a new area of research 

called Neuroeconomics (Camerer et al. 2004, Glimcher and Rustichini 2004). Following 

is a review of key findings that have addressed decision making within market 

environments using neuroscientific techniques. 

 

2.2 Neuroeconomics  

Neuroeconomics has investigated several areas of decision-making such as risk 

(Damasio 1995, Dickhaut et al. 2003, Knutson et al. 2005, Shiv et al. 2005), ambiguity 

(Smith et al. 2002, Rustichini et al. 2002), cooperation (Sanfey et al. 2003), trust (King-

Casas et al. 2005), framing (De Martino et al. 2006), and intertemporal choice (McClure 

et al. 2004b). The following sections will describe studies that examine brain function as 

these factors are manipulated. It will provide a more specific understanding of how 

neurological structures relate to decision making. Although the studies investigate 

different phenomena, a common message can be discerned. The studies all show how 

factors manipulating risk, ambiguity, cooperation, trust, framing, and temporal aspects of 

choice affect neural processes in the brain. Many times the factors affect the relative use 

of areas in the brain labeled by the researchers as emotional or irrational and cognitive or 

rational. Further, the studies suggest previously undiscovered ways these contextual 

effects are related in decision making.  
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2.2.1 Risk 

 Shiv and colleagues have studied the role of emotion in investment behavior using 

subjects with damage to parts of the brain associated with emotion (the amygdala, 

orbitofrontal cortex and right insular cortex) and control subjects with no damage. They 

were specifically interested in investigating the so-called equity premium puzzle which is 

the tendency for stocks to provide a higher rate of return than bonds. The researchers 

suggest the equity premium is a result of negative emotion caused by the higher volatility 

of stock returns compared to bond returns (Shiv et al. 2005). 

 During the study, subjects decided to either invest or not invest $1 during 20 

sequential opportunities to invest. All subjects were endowed with $20 and kept the 

amount of money they saved or earned during the task. Subjects were told their 

investment outcomes would be determined by coin flips resulting in a loss of $1 half of 

the time and gain of $2.50 half of the time. The design of this experiment meant 

economically rational agents would invest in either all or none of the rounds13.  

 The subjects with brain damage invested in 83.7% of the rounds while the control 

subjects invested in 57.6% of the rounds. This meant subjects with brain damage earned 

almost $3 more than control subjects. The investigators also examined sequential 

investment behavior. They found control subjects had less consistent investment 

behavior. The controls were less likely to invest after a loss while the subjects with brain 

damage invested after losses at approximately the same rate they invested after gains. The 

results of this study suggest negative emotion biased rational decision making. In this 

                                                 
13 The rules of the game remain constant so that the expected value of each investment opportunity was 
always the same (+ $1.25).  Therefore, agents maximize expected value by investing in every round.  
Economically rational agents can invest in one of two ways.  1) They can invest in every round to 
maximize expected value, or 2) if they are very risk averse, they can invest in no rounds. 
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case, the negative emotion experienced by the control subjects resulted in diminished 

investment returns compared to the subjects with brain damage who felt less negative 

emotion. 

 

2.2.2 Ambiguity 

As we saw before with the Ellsberg Paradox, choices with probabilistic outcomes 

have different patterns of preferences than choices with ambiguous outcomes. However, 

economic theories, such as EUT and prospect theory, model behavior with probabilistic 

and ambiguous outcomes with the same functional forms. While both theories still make 

predictions about what choices people would make, we have seen that people 

systematically violate these predictions. It is not surprising that this is one of the earliest 

subjects examined in Neuroeconomics. 

Smith, Dickhaut, McCabe and Pardo (2002) studied a modified version of the 

Ellsberg experiment to see how people process risky and ambiguous gambles. During the 

experiment, subjects were told what the payout would be for a specific colored ball being 

chosen from a fictional urn. They were also told how many balls were in the urn. Subjects 

were then asked to select one of two gambles. The experimenters used a 2x2 within 

subject design to manipulate two factors: risk/ambiguity and gain/loss. In the “risk” 

condition, subjects knew the exact quantity of balls for every color (30 red, 30 blue, 30 

yellow). In the “ambiguity” condition, subjects knew the exact quantity of balls for one 

color, but only the combined quantity for the other two colors (for instance, 30 red, and 

60 blue or yellow). In the “gain” condition, both gambles resulted in a positive payout. In 

the “loss” condition, both gambles resulted in a negative payout. 
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Brain images were collected from 9 subjects using PET and a radioactive tracer 

that estimated blood flow. Subjects actually gained or lost money based on their choices, 

but performance feedback was limited to the end of the study. The researchers found 

evidence of two systems that interacted to make choices. A neocortical dorsomedial 

system (BAs 5, 6, 7, 21, 31, 38, 39, 40) was used more during risky gambles that 

involved losses (neocortical systems are the outermost layers of the cortex). A 

ventromedial system (BAs 7, 10, 12, 13, 14, 28, 47) was used more during all other tasks 

(gain/risk, gain/ambiguity, loss/ambiguity). Based on these findings and previous 

research, the investigators conclude that the dorsomedial area is used for calculation, and 

that the dorsomedial area may decrease the role of the more emotional ventromedial 

system. Similar patterns of activation have been interpreted by neuroeconomists as an 

interaction between a rational and emotional based system (McClure et al. 2004b) where 

the emotional system always evaluates decisions, but the rational process can override 

emotional response. This study provides a partial explanation for the Ellsberg paradox; 

choices under ambiguous conditions are systematically different from risky decisions 

because different brain mechanisms are used to make decisions involving ambiguous 

versus risky outcomes. 

 

2.2.3 Cooperation  

Utility maximization in game theoretic settings often suggests an equilibrium 

condition that is rarely seen in experimental conditions. The Ultimatum Game is an 

example of a game that investigates cooperative behavior between subjects. In a typical 

game, the “proposer” splits an initial endowment with a second player. The second player 
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can accept or refuse the offer. If accepted, both receive the split based on how the 

proposer defined the outcomes. If rejected, neither subject receives any payout. 

Rationally, the proposer should offer the lowest possible amount of money, and the 

second player should accept any offer greater than $0. However, experimental studies 

show offers under 50% splits are sometimes refused, and offers under 20-30% are 

frequently refused. 

As an example, imagine a game where the proposer starts with an endowment of 

$10. Game theory would suggest the proposer should offer the second player the smallest 

amount, say $1, and keep the rest. Theoretically, the second player should accept $1 since 

it is better than $0. However, this offer is generally refused, ending in each player 

receiving $0. When asked why they did this, the second players often comment that the 

offer was not “fair”. On the other hand, proposers frequently offer quantities close to an 

even split, let’s say $4. Generally, the second player accepts offers near an even split, 

resulting in the proposer keeping $6, and the second player receiving $4. 

Sanfey, Rilling, Aronson, Nystrom and Cohen (2003) studied 19 subjects using 

fMRI to image brain activation while subjects played this game. Subjects were 

introduced to other people outside of the scanner with whom they were told they would 

play. Further, they were told they would play the game with each person only one time. 

This controlled for individual reputation so that subjects in the scanner would not play the 

game strategically assuming multiple interactions with the same player. In actuality, 

subjects received offers in the scanner that were predetermined by the investigators so the 

investigators could ensure subjects received both fair and unfair offers.   
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The researchers found activation in the anterior insula, dorsolateral prefrontal 

cortex (DLPFC) and anterior cingulate cortex (ACC) when subjects saw an “unfair” 

offer. Activation in the anterior insula has previously been correlated with disgust (Phan 

et al. 2002), the DLPFC is associated with overcoming prepotent responses14, and the 

ACC is associated with conflict (MacDonald et al. 2000). The authors suggest, “The 

areas of anterior insula and DLPFC represent the twin demands of the Ultimatum Game 

task, the emotional goal of resisting unfairness and the cognitive goal of accumulating 

money, respectively.” 

 

2.2.4 Trust-Reputation 

King-Casas, Tomline, Anen, Camerer, Quartz and Montague (2005) studied a 

related game called the Trust Game. Like the Ultimatum Game, two players split money 

in multiple rounds. Unlike the Ultimatum Game, this variant has 10 rounds between the 

same pair of subjects. Any money passed from one player to the other player triples in 

value. This means players earn more money by sending more money to the other player. 

However, this involves trust as the other player has no obligation to reciprocate. The 

Trust Game allowed the researchers to investigate not only how trust influenced 

decisions, but also to measure how this trust developed. 

The researchers studied 48 pairs of subjects using a new technique they called 

“hyperscanning”. Hyperscanning requires two scanners connected via computer so that 

their operation can be coordinated. In addition, any computers or other methods of 

                                                 
14 Prepotent responses are the primary or strongest response tendency.  They come to mind more quickly or 
easily.  This response can be primary for many reasons including rehearsal or because that specific 
response was most recently elicited. 
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stimulus delivery are connected so that the individuals in the scanners can interact. After 

the scanners and stimuli have been coordinated, two (or more) subjects “interact” while 

functional brain scans are being collected. In this experiment, hyperscanning allowed 

simultaneous scanning of both subjects while they interacted during the game. The 

researchers suggest this increases their ability to analyze neural signals of social 

exchange that are manifested prior to outwardly observable behavior differences. 

The researchers found activation in the caudate nucleus positively correlated with 

players reciprocating benevolently, suggesting this area of the brain is involved with an 

intention to trust. In addition, the researchers found activation in this region began to 

occur earlier in the decision process as the game moved to later rounds. Initially, the 

activation occurred after the first player’s investment decision. Later, the signal shifted to 

a timeframe prior to the investor’s decision. This suggests the area is not only associated 

with trust, but is also associated with the development of a reputation. 

 

2.2.5 Intertemporal Choice 

 Research on intertemporal choice investigates how people make decisions over 

time. Intertemporal choice requires people evaluate trade-offs between values in one 

period versus values in another period (Camerer et al. 2005). For example, subjects might 

be asked to choose either $10 today or $11 tomorrow. In this case, subjects tend to 

choose $10 today. However, if we ask subjects to choose either $10 in one year or $11 in 

one year plus one day, subjects tend to choose $11 in one year plus one day.  



 51

 Many models have been created to describe intertemporal choice. Exponential 

functions15 are most frequently used in economics to model intertemporal choice, but 

exponential functions cannot describe the example mentioned above. More recently, 

economists have suggested the use of hyperbolic and beta-delta functions (Ainslie and 

Monterosso 2004). These models do a better job at describing the choices in the example 

above, but little empirical evidence has been provided to support one functional form 

over the other. Since many kinds of decisions involve trade-offs between immediate cost 

and future benefit, accurately modeling intertemporal choice is seen as very important. 

McClure, Labison, Loewenstein, and Cohen (2004b) used fMRI to image subjects 

as they performed an intertemporal choice task. They found evidence that two systems 

were used to evaluate options depending on whether payouts were expected in the 

immediate or distant future. Both kinds of outcomes utilized “rational” areas of the brain 

including the lateral prefrontal cortex and posterior parietal cortex. Immediate outcomes 

activated structures in the limbic system in addition to the cortical systems. As previously 

mentioned, the limbic system is associated with emotional processes, and has been 

implicated in processing reward and impulsive behavior. Since two distinct areas were 

activated for outcomes in the different time frames, the authors suggest their brain 

imaging results support modeling intertemporal choice with a beta-delta function. The 

more impulsive, immediate decisions were influenced by the limbic system while the less 

impulsive, delayed decisions were influenced by cortical systems. 

                                                 
15 Ainslie and Monterosso (2004) give the following examples for the functional forms: 
 -exponential function: current value = nondelayed value * (1-discount rate)delay 

 -hyperbolic function: current value = nondelayed value/[1 + (discount rate * delay)] 
-beta-delta function: current value = nondelayed value * β*δ delay where δ delay is the standard 
exponential function (shown above) and β is a value between 0 and 1 for all delays greater than 0. 
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2.2.6 Framing 

 Decisions by an economically rational agent should not change depending on the 

description of a problem as long as the outcomes remain the same. However, Kahneman 

and Tversky found choices systematically changed when they manipulated the “frame” of 

a decision by describing outcomes in positive or negative terms (Kahneman and Tversky 

1979). For instance, outcomes for a flu prevention program may be described in a 

positive frame as the percent of people who live, while a negative frame may describe 

outcomes as the percent of people who die. Subjects are risk averse in positive frames 

meaning they prefer certain outcomes over probabilistic outcomes (holding expected 

value constant). Subjects are risk seeking in negative frames meaning they prefer 

probabilistic outcomes over certain outcomes. 

  De Martino et al. (2006) studied the framing effecting using a decision task where 

subjects chose between gambles. Positively framed gambles were described in terms of 

money retained from an initial endowed amount. Negatively framed gambles were 

described in terms of money lost from the initial endowed amount. Like Kahneman and 

Tversky, De Martino and colleagues found subjects tend to be risk averse when decisions 

were framed as a gain while they were risk seeking when decisions were framed as a loss. 

 Past research has shown activation in the amygdala increases when subjects are 

presented with fearful stimuli (LeDoux 1996) and other negatively valenced stimuli such 

as sad faces (Adolphs and Tranel 2004). De Martino and colleagues found activation in 

the amygdala could be correlated with positively valenced stimuli depending on whether 

subjects chose the risk averse or risk seeking option. Activation increased in the bilateral 
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amygdala when subjects chose the risk averse option in the gain frame and the risk 

seeking option in the loss frame. This may mean amygdala activation is correlated with 

the subject’s risk sensitivity in decision making. Further, the researchers examined brain 

activation when subjects selected outcomes that were different than the outcomes 

predicted by prospect theory (i.e. subjects chose risk seeking options in the gain frame 

and risk averse options in the loss frame). They found these choices were correlated with 

brain activation in the ACC, a finding they suggest corresponds to increased conflict 

between “analytic” and “emotional” systems. 

 

2.2.7 Summary of Neuroeconomic Research 

In many instances, these papers represent one of a few papers to investigate a 

factor in decision making using brain imaging techniques. While neuroeconomists have 

spent significant effort studying topics such as likelihood of an outcome or magnitude of 

a reward (Glimcher et al. 2005), entire topics in decision making such as framing, 

branding, and availability of irrelevant alternatives have only been examined a handful of 

times if at all. Still, neuroeconomics research has at least laid a foundation to investigate 

diverse factors such as risk, trust, branding, and intertemporal choice (see Appendix table 

3 for a summary).  

Neuroeconomic research has led investigators to support many models of 

behavior when behavioral studies alone could not support one model over another. 

Examples include beta-delta discounting models for intertemporal choice (McClure et al. 

2004b) and loss aversion for framing effects (De Martino et al. 2006). Neuroscientific 

techniques provide unique knowledge on how the brain processes decisions that can be 
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useful to distinguish between competing models of decision making and economic 

behavior. 

 

 



 55

2.3 Critique of neuroeconomic literature 

The neuroeconomics literature often concludes that people are influenced by two 

systems. The first is emotional and irrational while the other is cognitive and rational 

(Lehrer 2006). For example, Sanfey et al. (2003) summarize their study, “Our results are 

consistent with the idea that the areas of anterior insula and DLPFC represent the twin 

demands of the Ultimatum Game task, the emotional goal of resisting unfairness and the 

cognitive goal of accumulating money, respectively.” (Sanfey et al. 2003, pg 1757-58). 

There seems to be an intuitive appeal for a war between two systems. One, the rational 

system, is used to make decisions in contexts where people have been found to choose 

options that maximize their utility. The other, the emotional system, biases decisions so 

that people choose options that are not economically rational. In other words, we would 

behave rationally if emotion didn’t get in the way (Cassidy 2006).  

The following sections will provide both a critique of this interpretation and an 

alternative framework to explain these findings. The critique will focus on two important 

issues. First, it is questionable that separate rational and irrational systems exist in the 

brain. Second, contrary to a model that pits emotion against rational choices, a few 

studies have shown areas labeled “emotion” are necessary for rational decision making. 

 

2.3.1 Critique of the Rational/Irrational Model 

While the popular press would prefer simple explanations pitting emotional areas 

against rationality (Cassidy 2006), many neuroscientists say this dichotomy is not true 

(Glimcher et al. 2005). Instead of a war between systems, decisions are a coordination of 

multiple systems. The previously reviewed study by Smith and colleagues is an example 
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of a study that discusses this coordination. When summarizing their results, they say, “A 

simple manipulation of belief structure and payoff structure produces focal activations 

and deactivations that suggest two disparate, but functionally integrated, choice systems 

with sensitivity to loss” (Smith et al. 2002, pg. 717). All of the decisions these 

researchers investigated involved activation in emotional areas of the brain, while a 

subset of decisions (decisions involving known probabilities) involved coordination 

between emotional and cognitive mechanisms. Instead of a winner take all approach, this 

suggests multiple systems cooperate to determine the final action.  

In addition, some neuroscientists say the rational/irrational dichotomy is an 

inappropriate distinction for the decision making process. Looking at the final decision 

outcome, there is no way to dispute the economically rational/irrational distinction 

(Glimcher et al. 2005), but this distinction is questionable at best when trying to describe 

the cognitive process by which the economic agent came to an economically rational or 

irrational decision. Glimcher and colleagues say, “There is no evidence that rational and 

irrational behavior are the product of two distinct brain systems, one of which is uniquely 

rational and one of which is uniquely irrational” (Glimcher et al. 2005, pg 252). While 

the rational/irrational distinction can be used to describe decision outcomes, it may not 

describe how the cognitive mechanism actually processed the decision.   

 In fact, while it is clear the rational/cognitive and irrational/emotional dichotomy 

is losing support, it is possible to go one step further. Following are a few studies that 

have demonstrated conditions under which systems labeled emotional and irrational were 

actually used more when the agent made economically rational decisions.  
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2.3.2 Rationality of Emotion 

Some of the earliest imaging research in neuroeconomics focused on how people 

learn and make choices in decisions with risky outcomes. These studies suggest emotion 

is necessary to learn at least some forms of preference relationships. The most influential 

researchers in this area have been Damasio, Bechara, and colleagues who started 

publishing significant amounts of research in the 1980s and 1990s using the Iowa 

Gambling Task. Their initial studies looked at patients with brain damage in areas of the 

prefrontal cortex (PFC), often in the ventromedial prefrontal cortex (VMPFC). Later 

research has examined healthy subjects (without lesions) using brain imaging techniques 

such as PET and fMRI and arousal measures such as heart beat and skin conductivity. 

 A typical study in this area required subjects to make a choice with probabilistic 

outcomes. The goal is for the subject to learn which options have better combinations of 

probabilities and rewards than others. For instance, the Iowa Gambling Task in its most 

common form requires subjects to select from four decks of cards. The decks differ based 

on amount of reward, punishment, and expected value. Subjects then choose from decks 

as they please. The researcher measures the value of points accrued by the subject at the 

end of the task and also the pattern of choices to find out when subjects “learned” which 

decks to choose from. The researchers also periodically ask the subjects whether they are 

aware which decks are better than the other decks. Results from subjects without brain 

damage show a gradual shift away from disadvantaged decks, while subjects with 

damage to the VMPFC do not shift away from these decks16. Further, the shift away from 

decks (for normal subjects) occurs even before subjects report which decks are good or 

                                                 
16 This apparent contradiction with investment results from Shiv et al. (2005) will be addressed shortly. 
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bad. Additional research using skin conductivity has found that normal subjects get 

aroused prior to selecting from disadvantaged decks while subjects with VMPFC damage 

do not. This work has lead researchers to hypothesize that the VMPFC is used to 

integrate emotional information with decision making. Subjects with damage to the 

VMPFC lack the ability to learn from emotional experiences, and therefore choose 

disadvantageously in this task. In other words, subjects with damage to the emotional 

processing part of the brain had a diminished ability to select decks of cards based on the 

economic rationality of maximizing expected value.  

  The results from the Iowa gambling studies can be compared with the equity 

premium puzzle study by Shiv et al. (2005) to demonstrate why it is not useful to use 

decision outcomes to describe decision making processes. Both tasks compare subjects 

with damage to emotional parts of the brain to control subjects with no damage. In both 

cases, the test subjects (subjects with brain lesions) have more consistent preferences for 

the duration of the task than the control subjects. This consistency is attributed to test 

subjects being less influenced by emotions than control subjects. In other words, both 

tasks have similar process explanations to describe subject behavior. However, emotional 

influence in the Iowa gambling studies result in a positive behavioral change while 

emotional influence in the equity premium puzzle leads to a negative behavioral change. 

This means the same process leads to different outcomes. Emotional areas of the brain 

can be labeled either rational or irrational depending on how the task is designed; which 

suggests neural processes should not be described by the normative theories of 

economics. 
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The research by Damasio, Bechara, and colleagues demonstrate intact emotional 

systems are necessary for subjects to learn new preferences, but do not directly address 

whether emotional systems are used to make economically rational decisions when 

preferences are already established. The next study examines well established preferences 

for soft drinks. It demonstrates a situation where areas labeled “cognitive” and “rational” 

actually bias preference evaluations by “emotional” or “irrational” systems that would 

otherwise be unbiased.  

 

2.3.3 Branding 

McClure, Li, Tomlin, Cypert, Montague, and Montague (2004) replicated the 

original Coke versus Pepsi taste tests both behaviorally and in an fMRI scanner. Similar 

to the original studies in the 1980s, they found a preference for Coke when subjects were 

aware of the brand, but preferences were equal for the colas when subjects were unaware 

of the brand. The addition of brain activation to this behavior helps explain why this 

pattern of preferences has been observed. 

After replicating the past research in behavioral studies, the researchers asked 

subjects to perform the task in an fMRI setting to see how brain activation changed in the 

“blind” versus “non-blind” conditions. In the blind condition, subjects first saw a light 

that cued delivery of the cola and then received either Coke or Pepsi17 via a delivery 

system in the scanner. In the non-blind condition, subjects saw an image of a Coke can or 

Pepsi can that cued delivery of the cola and then received either Coke or Pepsi. When 

                                                 
17 The beverage delivery system in the scanner utilized a small tube than ran to the subject’s mouth.  The 
colas had to be de-carbonated so that the delivery system would work.  Preferences with the de-carbonated 
colas were similar to preferences with the carbonated sodas. 
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subjects were unaware of the brand, activation in the VMPFC correlated with 

preferences. When subjects were told the cola was Pepsi (but in fact, it was either Coke 

or Pepsi), activation was not significantly different. However, when subjects were told 

the cola was Coke, activation occurred around the hippocampus, midbrain, dorsolateral 

prefrontal cortex, and thalamus.  

The investigators suggest this demonstrates subjects’ preferences were biased by 

the branding information. The VMPFC has previously been implicated in processing 

basic appetitive reward (i.e. the immediate benefit of consuming sugar, water or sex) 

(Montague et al. 2006). The DLPFC and hippocampus have been implicated in cognitive 

control (Richeson et al. 2003) and memory (Eichenbaum et al. 1999) respectively. The 

researchers show activation in the DLPFC and hippocampus (“cognitive” areas) are 

correlated with biased preferences when culturally relevant information (i.e. told the cola 

is Coke) was available. 

McClure and colleagues demonstrate cognitive areas in the brain are associated 

with biased preference for soft drinks while findings from the Iowa Gambling task show 

that intact emotional areas are beneficial to learning new preferences. Taken together, 

these studies begin to cast some doubt that emotional areas of the brain are the sole cause 

of economically irrational behavior. The first study in this dissertation will address this 

issue directly and will further demonstrate that rational decisions can be associated with 

increased activity in the medial prefrontal cortex (MPFC) (an “emotional” area) while 

irrational decisions can be associated with increased activity in the dorsolateral prefrontal 

cortex (DLPFC) (a “cognitive” area). However, elimination of this distinction, emotion = 

irrational and cognitive = rational, leaves decision neuroscience without a clear 
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framework to describe results. A common framework is necessary to unite the results 

from separate studies.  

One reason this rational/irrational dichotomy has persisted is because behavioral 

results were described only in economic terms. Expected utility theory can describe 

choices as either economically rational or economically irrational and economists wish to 

explain economically irrational behavior. To get beyond a solely economic level of 

description, it is necessary to examine research on decision making in areas such as 

psychology, social psychology, and marketing; areas where economic rationality is 

generally not assumed. The following section will describe a 2x2 framework that can be 

used to explain neuroscientific findings in decision making research. The framework has 

been developed in social neuroscience (Lieberman 2007), but similar distinctions have 

been made in neuroeconomics (Camerer et al. 2005) and psychology (Kahneman 2003). 

Importantly, this framework describes behaviors such that they can be tested, categorized, 

and applied to economic as well as non-economic phenomenon. 
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3. Proposed Framework 

The proposed framework begins with a basic premise: Organisms evolved mental 

capacities over time to increase their fitness, or chances of survival and reproduction. 

One of the basic functions performed by our mental machinery is the regulation of 

homeostasis. Homeostasis refers to processes that control the internal environment of the 

body such as regulation of body temperature, heart beat and level of glucose in the blood 

(Damasio et al. 2000). Another basic function of our mental machinery is to monitor the 

external environment. This monitoring occurs through the senses such as touch, sight and 

taste. Organisms monitor the external environment so that they can improve regulation of 

their internal environment. This occurs when, for instance, an organism moves from a 

cold, dark area to a warm, light area in order to increase its internal temperature 

(Damasio 1994). This introduces the first dichotomy for mental processes, internal 

(homeostatic) versus external (sensory) focus. 

The second premise is well accepted and states that humans have limited capacity 

for conscious cognitive processes (Miller 1956). Further, to overcome this limited 

capacity, some processes are automated to free conscious cognitive capacity for other 

tasks (Kahneman 1973, Bargh and Chartrand 1999). The distinction between automatic 

and controlled processes has received significant attention among cognitive scientists and 

has resulted in many dual-process models to describe this concept (Chaiken and Trope 

1999). Automatic processes tend to be non-conscious, effortless, and can be affected by 

subconscious stimuli. Controlled processes are conscious, effortful and are not affected 

by subconscious stimuli (Bargh 1996).    
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Internal External
Controlled I II
Automatic III IV

The framework in this dissertation combines these premises to describe decision 

making as a combination of two processes that are either internally or externally focused 

and either automatic or controlled (Liberman 2007). The next section will describe these 

distinctions in more detail and will provide examples of processes that fit in each of the 

four quadrants defined by this model. Additional information can be found in reviews by 

Camerer et al. (2005) and Liberman (2007). 

 

 

 

 

 

3.1 Internal/External Focus 

The first distinction is between internally and externally focused processes. Other 

researchers use terms such as sensory and visceroappetitive, extroceptive and 

interoceptive (Hurliman et al. 2005), cognitive and affective (Damasio 1994, Camerer et 

al. 2005), and cognitive and emotional to draw a similar distinction. Lieberman (2007) 

suggests internally-focused cognitions focus on feelings and experiences. Externally-

focused cognitions focus on things that are more factual and are observable by the senses. 

For example, when asked if an acquaintance has red hair, people rely on externally 

focused processes. In contrast, if asked whether or not they like an acquaintance, people 

rely on an internal process to evaluate their own feelings about that person. Internally 

focused processes include emotions, maintenance of homeostasis, and recollection of 

Figure 5: Framework
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emotions while externally focused processes include object recognition, factual memory 

and mental calculations (Lieberman 2007). 

 Emotions including fear, disgust, reward, and empathy are all considered internal 

processes. Neuroscientific research has found that specific areas are involved in 

processing these emotions. The amygdala is necessary for fear conditioning (LeDoux 

2000) while disgust has been associated with the insular cortex (Sanfey et al. 2003). 

Basic appetitive reward is tied to activity in the striatum (Knutson 2003) while 

homeostatic processes involve areas such as the hypothalamus and brainstem (Damasio et 

al. 2000). All of the above processes can occur fast, unconsciously, effortlessly and 

without intention which means they populate quadrant III of the framework. 

Research on autobiographical memories has drawn a distinction between the 

recollection of facts and emotions associated with self-relevant situations. Recollection of 

non-emotional, factual aspects of memories (quadrant II) is associated with activation in 

the dorsolateral prefrontal cortex. Recollection of feelings about autobiographical 

memories (quadrant I) is associated with activity in the medial prefrontal cortex (Gilboa 

2004).  

A study on person and trait evaluations by Yoon et al. (2006) found a similar 

distinction. Yoon and colleagues found subjects had increased activation in the medial 

prefrontal cortex and decreased activation in the left inferior prefrontal cortex when they 

were evaluating people relative to when they were evaluating brands. This suggests that 

the evaluations of peoples’ personalities involved more internal processes while the 

evaluations of brand personalities involved more externally focused processes. 
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 External processes are factual, stimulus based, and can be explicitly described to 

others. One good example is visual object recognition. Visual object recognition occurs 

after the basic visual properties of stimuli are represented on the retina. It involves 

matching this basic visual information to memory so that an object can be categorized. 

Many studies have determined that the lateral occipital complex is involved in object 

recognition (Grill-Spector et al. 2001), though other areas of the brain have been 

associated with more specific aspects of object recognition. One such area has been 

called the “fusiform face area” for its specialized sensitivity to recognizing human faces 

(Kanwisher et al. 1998). Object recognition is spontaneous, parallel, and effortless, so it 

occupies quadrant IV of the framework. 

 Mental calculations are another example of external processes. Dehaene et al. 

(2003) examined brain activation in subjects as they performed mathematical operations 

such as subtraction and multiplication. They found increased activation in an area along 

the horizontal part of the intraparietal sulcus. Activation in this area increased when 

subjects reported increased effort. As this process is effortful, slow, and serial, it belongs 

in quadrant II of the framework. 

 This dissertation will continue to use the internal/external distinction to describe 

cognitive processes though some might suggest cognitive/affective and 

cognitive/emotional dichotomies draw similar distinctions. The distinction is purely 

semantic to the extent the definition for the alternative terms agree with the definitions 

and examples listed above. However, internal/external will be used for the remainder of 

the paper for two reasons. First, it has seen strong development in social neuroscience 

(Liberman 2007). Second, emotion often connotes a subjective state. Evaluations of 
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internal states can be done using objective measurements such as heart rate, skin 

conductance and pupil dilation without relying on subjective report. In many instances, 

the measurements may agree. In other cases, they might not agree. This occurs when 

subjects experience “unconscious emotions” (Winkielman and Berridge 2004) or when 

identical physiological states elicit different emotional states (Schacter and Singer 1962). 

Again, these words (emotion/feelings/inner and cognition/external) can be used 

interchangeably if the definitions agree with the above descriptions and as long as 

rational and irrational behavior is not attributed to one or the other mechanism. 

 

3.2 Automatic versus Controlled 

The second distinction is between processes that are either automatic or 

controlled. This distinction has been made by many within social psychology (Schneider 

& Shiffrin 1977, Chaiken & Trope 1999). Other dual process models have used different 

terms such as intuitive and analytical, but suggest a similar distinction (Kahneman 2003). 

As described earlier, automatic processes include homeostasis (Damasio et al. 2000) and 

object recognition (Grill-Spector et al. 2001). Controlled processes include recollection of 

feelings (Gilboa 2004) and mental calculations (Dehaene et al. 2003). The following 

section reviews tasks where two of the four processes have been shown to interact. 

 

3.3 Impulse Control 

Studies investigating cognitive control have found specific structures that are 

correlated with overcoming prepotent responses. The Stroop task is frequently used to 

investigate this phenomenon. Subjects performing the Stroop task are shown words 
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displayed on a computer screen. These words are colors such as “blue”, “red”, and 

“green”. Further, these words are displayed in different colors. For instance, “blue” may 

be displayed in green or red typeface. Subjects are asked to either state the semantic 

meaning (“blue” = blue) or the actual color of the word (the correct response would be 

green if the letters for “blue” are presented in green typeface). Subject performance is 

measured both by measuring the percent of correct responses and response time. When 

the word and color are congruent (“blue” in blue typeface) responses are faster and 

accuracy is higher compared to when the word and color are incongruent (“blue” in red 

typeface). 

Performance of this task requires subjects to maintain the rules of the task in 

working memory and, during incongruent trials, recognizing response conflict to give the 

correct task specific response. Response conflict occurs when two cognitive processes 

differ over which option is preferred. This occurs during the Stroop task when a prepotent 

response is overcome by another response (i.e. responding with green when the word is 

“blue” but is written in green typeface). Working memory in this task has been associated 

with activation in the DLPFC, while response conflict has been associated with activation 

in the anterior cingulate cortex (ACC) (Kerns et al. 2004).  

Macdonald et al. (2000) tested subjects using fMRI while performing the Stroop 

task. During the experiment, subjects were instructed to either read the word or name the 

color. Reading words is the prepotent response (probably because reading is practiced so 

much) while naming the color requires overcoming the prepotent response of giving the 

semantic answer. The difference in responses allowed the researchers to separate working 

memory and conflict detection.  
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Macdonald and colleagues found DLPFC activation increased while subjects read 

instructions to name the color, but did not increase with instructions to read the word. 

The authors suggest remembering to read a word is easy as it is the prepotent response. In 

contrast, remembering to name a color requires more working memory as color naming is 

not the prepotent response. Based on this, the authors suggest the increased activation in 

the DLPFC is correlated with maintaining task instructions in working memory 

(Quadrant II). Subsequent research has demonstrated increased activity in the middle 

frontal gyrus (posterior DLPFC - BA 9) when experimental stimuli provided information 

for rules-based decisions (Huettel et al. 2004). Consistent with these findings, Curtis and 

D’Esposito (2003) posit that parts of the DLPFC are “…involved in the rule-based 

selection of responses” (p. 420). 

Further, Macdonald and collegues found dorsal ACC (dACC) activation was 

greater when tasks were incongruent. This demonstrates that the dACC is more active 

when there are response conflicts. In contrast, while DLPFC was active during responses, 

there was no difference in activation between congruent and incongruent tasks. This 

suggests that DLPFC is not related to response conflict. Other research has demonstrated 

increased activation in the ACC when subjects were not aware of conflict (Berns et al. 

1997) suggesting conflict monitoring belongs in quadrant IV of the framework. 

 

3.4 Self-control 

Researchers studying self-control investigate situations when an individual, 

“attempts to change the way he or she would otherwise think, feel, or behave” (Muraven 

and Baumeister 2000, pg. 247). Research by Baumeister and collegues has repeatedly 
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shown that performance of a self regulatory task reduces the ability to regulate oneself on 

a subsequent task, as if self-control was a muscle that weakens after use (Muraven et al. 

1998). Consumers spend more money (Vohs and Faber, in press) and dieters overeat 

(Vohs and Heatherton 2000) after performance of task that requires self-control, 

suggesting subjects are less able to control their impulses once they expend self-

regulation resources.  

 While the effect of diminished resources has been tested in a variety of contexts, 

few cognitive and neural explanations for a limited self-control mechanism have been 

tested. Muraven and Baumeister (2000) suggest diminished attention could explain some 

of the findings, but not all. If diminished attention explains limitations in self-control, 

brain activation results might show changes in the posterior superior parietal lobule 

(Dehaene et al. 2003), an area associated with attention orientation. Bechara (2005) has 

suggested drug addiction is correlated with diminished neural capacity in areas of the 

prefrontal cortex and anterior cingulate cortex. This correlates drug addiction with 

diminished capacity in areas of the brain associated with executive control. Similarly, 

Richeson et al. (2003) suggest regulatory resource demanding tasks diminish self-control 

by decreasing the use of executive control mechanisms such as working memory and 

conflict monitoring.  

 

3.5 Overcoming Race Bias 

 Research investigating race bias has shown increased activity in the amygdala, an 

area involved in negative affect and fear, when white and black subjects view out-group 

members. Importantly, this bias does not correlate with explicit measures of racism 
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(Phelps et al. 2000) and occurs when faces are presented at subliminal levels. This 

demonstrates that some aspects of implicit race bias are driven by automatic and 

emotional mechanisms (quadrant III).  

Subjects who perform tasks requiring them to overcome race bias have been 

shown to use some of the same mechanisms as previously shown in the impulse control 

research using the Stroop task (Richeson 2003). Tasks involving high implicit race bias 

that involve high need to overcome explicit demonstrations of race bias have been shown 

to increase activation in conflict areas such as the ACC, with the dorsal parts of the ACC 

more active when subjects overcome internally driven, or self-motivated, aspects of 

control (quadrant III) and the rostral part of the ACC (an area of the ACC that is located 

closer to the prefrontal cortex) more active when overcoming externally driven, or peer-

motivated, aspects of control (quadrant IV) (Amodio et al. 2006). Increased DLPFC 

activation has also been observed and is associated with maintaining working memory of 

task instructions (quadrant II) (Richeson 2003).  

 

3.6 Summary 

 Tables 4 and 5 in the appendix summarize cognitive functions and the 

neurological structures that have been implicated in the four quadrants of the model. 

Within the quadrants, it is possible to draw finer distinctions. For instance, mental 

calculations and episodic memory are very different cognitive functions that both fall 

within quadrant II. However, the basic structure is provided as a way to integrate findings 

from within the multiple disciplines contributing to neuroscientific research on decision 

making as these disciplines often do not have common terms for cognitive functions. 
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So far, this paper has: 1) described and shown limitations in the prevailing models 

of choice, 2) illustrated the benefit of neuroscientific techniques to investigate choice as a 

complementary approach, and 3) presented a framework that can describe the cognitive 

mechanisms of decision making. The following section develops a theory that draws on 

this framework to explain the “attraction effect”. This theory is tested with several 

experiments. 
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4. Conceptual Development 

4.1 The Attraction Effect 

Decisions often require an evaluation of multiple options that involve a trade-off 

between two or more attributes. Day care providers may differ in experience and price, 

with less experienced providers charging more favorable rates. Apartments may differ in 

size and commute time, with smaller apartments closer to work. Career options may 

differ in job security and salary, with more risky careers providing higher salary. To 

make a decision, consumers have to decide how much value they are willing to give up in 

one attribute to gain value in the other attribute. 

Some neuroeconomic studies have examine trade-offs between two options with 

one option being superior on probability of payout and the other being superior on 

magnitude of payout (Smith et al. 2005, Glimcher and Rustichini 2004). This dissertation 

investigates how the presence of a third normatively irrelevant alternative affects trade-

off evaluations. 

 

4.1.1 The Attraction Effect 

The manipulation of interest utilizes a well known effect within judgment and 

decision making called the attraction effect. Previous research finds preferences for the 

original set of two options change when a normatively irrelevant third option (a “decoy”) 

is added to the choice set. Generally, this third alternative is “irrelevant” because it is 

significantly worse than one or both of the original options.  

The attraction effect is an example of choice behavior that violates both the IIA 

and regularity assumptions. In a typical study, Huber, Payne and Puto (1982) would ask 
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subjects to make a selection from choice sets that contained either 2 or 3 alternatives. The 

alternatives in each set were described on two attributes. In the 2 alternative choice set, 

each option dominated the other on one dimension and was inferior on the other. In the 3 

alternative choice set, a third alternative (the decoy) was added to the original choice 

set18.  Following is a chart showing the relationship between the alternatives: 

 

 

 

 

 

 

 

 

 

 

 

This decoy (D) is normatively irrelevant because it is similar, but inferior to one 

of the original alternatives. The literature refers to the most similar original option as the 

target (T), while the dissimilar alternative is called the competitor (C). While the decoy is 

almost never chosen, studies typically find that the choice share of the target increases in 

the presence of a decoy. This attraction effect is opposite to the effect that would have 

                                                 
18 This manipulation is generally done between subjects so that subjects either see the 2 alternative choice 
set or the 3 alternative choice set. 
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been predicted by Tversky’s (1972) substitution hypothesis, according to which the decoy 

should draw more share from the most similar alternative.  

There are several explanations for the increased choice of the target when a decoy 

is present. These explanations will be expanded on in the next sections. Briefly, two 

categories of theories can be identified. The first category invokes a single process. 

Explanations in this category include weight change and value change. Weight change 

explanations suggest decoys alter the relative importance of the attributes. Value change 

explanations suggest decoys alter the subjective evaluation of attribute values. 

The second category of explanations considers an interaction between two or 

more processes in the decision. For instance, one process might evaluate the option 

values while another process considers the ability to justify a decision. Contextual 

factors, such as the addition of a decoy, change the amount each process contributes to 

the ultimate choice. Explanations in this category include loss aversion, value added 

explanations and trade-off avoidance. Loss aversion explanations suggest the decoy 

provides a reference point that changes the relative valuation of the original alternatives. 

Value added explanations suggest decoys provide additional ways to make a decision 

such as selecting dominating alternatives or options that are more easily justified. Trade-

off avoidance suggests decision makers generate negative emotion from evaluating trade-

offs between alternatives. In an effort to avoid this negative emotion, decision makers use 

decision strategies that do not involve making an explicit trade-off evaluation. The 

following sections describe these explanations in more detail. 
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4.1.2 Single Process Models 

 Single process explanations can be represented with the following model: 

 (5)  Aik = ∑ WmkVimk  

  Where: 

i = an alternative 

k = a contextual situation 

m = an attribute 

Aik = the attractiveness of the alternative i in context k 

Wmk = the weight of attribute m in context k 

Vimk = the subjective value of attribute m for alternative i in context 

k 

 

 Weight change and value change models predict contextual effects change the 

“W” and “V” components respectively. Changes in “W” suggest the relative importance 

of attributes have changed. Changes in “V” suggest the subjective value of the attribute 

has changed. 

 

4.1.2.1 Weight Change 

The weight change explanation 

theorizes that the presence of a decoy 

changes the relative weight (W) given to the 

attributes so that the target is evaluated 

higher. For instance, the addition of decoy 

“Df” is hypothesized to increase the relative 

Figure 7: Weight Change 
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weight of attribute 1 since the frequency of different values on attribute 1 increases. 

Alternatively, the addition of decoy “Dr” is hypothesized to increase the relative weight 

of attribute 1 by increasing the range of values on attribute 2. 

 

4.1.2.2 Value Change 

The value change explanation theorizes that dimensional weights do not change, 

but the subjective evaluation (V) of the attribute values change. The decoy’s placement 

underneath the target increases the subjective distance between the target and the 

competitor, which makes the target’s subjective value seem higher even if the numerical 

value of the attribute has not changed.  

 

4.1.2.3 Single Process Neural Mechanisms 

It is difficult to fit the weight change and value change theories into the proposed 

decision framework as neither theory specifically describes the neural mechanism used to 

make the decision. Taken literally, weight change and value change both involve 

calculations.  In addition, researchers describe the processes are effortful and have shown 

there is a cost to deliberation (Shugan 1980). Therefore, value change and weight change 

both suggest decision with a decoy will increase processing in controlled and externally 

focused areas (quadrant II) such as the DLPFC (working memory) and the intraparietal 

sulcus (calculations), compared with decisions without a decoy.  

However, a second prediction drawn from neuroscientific findings seems more 

likely than the prediction described above. Neuroscientific research has regularly shown 

increased activity in the MPFC when subjects evaluate rewarding outcomes (Sanfey et al. 
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2006) or respond with goal-directed behavior related to reward attainment (Knutson et al. 

2003). Knutson and Peterson (2005) state, “The MPFC may provide a ‘steering wheel’ 

that flexibly directs appetitive behavior towards appropriate goal objects.” So, while 

subject behavior is modeled “as if” they are doing complex calculations, few researchers 

would suggest subjects actually perform these calculations (Camerer et al. 2005, 

Rubinstein 2006). Based on the description of MPFC above, this means the addition of 

the decoy will increase the number of options that need to be considered. The increase in 

number of options should increase activity in the MPFC (quadrant I) as more options are 

evaluated to determine which is preferred. 

 

4.1.3 Multiple Process Models 

The second class of explanations can be described by a similar model with one 

added factor. In addition to the first component containing weight (W) and subjective 

value (V) factors, a second component (E) is included. They take the general form: 

(6)  Aik = ∑ WmkVimk + Eik  

Where: 

Eik = emergent value that depends on context k for option i  

 

Unlike weight shift and value shift models, these models suggest decoys leave the 

weight (Wmk) and subjective value (Vimk) of attributes the same. Instead, a new argument 

(Eik) emerges that depends on contextual factors of the decision problem. Emergent 

values include aspects of the decision such as the relationship between alternatives 
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(Tversky and Simonson 1993), ability to justify a choice (Simonson 1989), or need to 

avoid negative emotion (Luce, Bettman and Payne 2001). 

 

4.1.3.1 Loss Aversion 

 One such model invokes loss aversion from Tversky and Kahneman’s (1991) 

prospect theory. Loss aversion has been modeled using a dual component model such as 

the one described above (Tversky and Simonson 1993). The first component describes 

the valuation of an option given attribute values and weights of attributes. The second 

component describes the effect of context; how the addition or subtraction of a decoy 

changes the relative evaluations of the original alternatives. Decoys increase the choice of 

the target by providing a reference point that makes the target more attractive. If there are 

only two options, the second component “vanishes” (Tversky and Simonson 1993, pg. 

1185). 

 This theory indicates the addition of a decoy increases the amount calculations in 

the first and second components of the model. The first component increases as more 

attribute and value calculations are necessary. Processing related to the second 

component will increase as well since the second component only appears when the 

decoy is added to a choice set (Tversky and Simonson 1993). Like we saw in the weight 

and value shift explanations, this suggests the addition of a decoy will increase activity in 

internal and controlled areas such as the MPFC (quadrant I) since the decoy increases the 

number of options that need to be considered for a choice. 
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4.1.3.2 Value Added 

Like loss aversion, value added explanations model behavior by adding a second 

component to the value function. These theories suggest the first component (containing 

W and V) remains unchanged with the addition of a decoy. Instead, the presence of a 

decoy gives people an additional way to make a choice. This additional process is 

modeled through the second term (E).  

This second term uses distinctly different cognitive process than the first term. 

While the first component suggests subjects make a compensatory decision, logically 

weighing the values of one alternative versus another, the second term is theorized to 

make non-compensatory, potentially suboptimal, comparisons. For instance, the value of 

an option can increase if it dominates another option, if it is easier to justify, or if it 

decreases anxiety (Simonson 1989). Importantly, these processes may not lead to the 

same option being chosen. The first component may lead towards the selection of one 

option that has superior attributes, but the second component could lead towards selection 

of a different option if that is easier to justify. 

 Dominance, justification, and anxiety reduction are conscious processes as 

subjects must be aware of them to be influenced. As an example, Simonson (1989) finds 

subjects choose options that can be justified more often when they are told their decisions 

will subsequently be evaluated. Further, justification is based on the factual 

characteristics of the stimuli (i.e. one option strictly dominates another), not subjective 

evaluations (i.e. one options tastes better than another). This means the second 

component of the equation is a controlled, external process (quadrant II) unlike the first 
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component which calculates a subjective value using an internal and controlled process 

(quadrant I).  

This theory suggests the decoy changes the relative importance of the first and 

second component of the value added model. The addition of a decoy adds a new way for 

subjects to make a decision (justification, dominance, etc.). Therefore the use of the 

second component will increase relative to the first component when a decoy is added to 

the choice set. In other words, the addition of a decoy will cause a relative decrease in 

internal/controlled processes such as the MPFC (quadrant I) and an increase in 

external/controlled processes such as the DLPFC (quadrant II). 

 In this case, a second observation is possible. Since the internal and external 

process may lead to different decision outcomes (i.e. one is preferred for compensatory 

reasons, but a different option is easier to justify), a conflict between decision processes 

is more likely when a decoy is present. As we’ve seen earlier in the paper, areas of the 

brain such as the ACC have been implicated in the processing of cognitive conflict as 

occurs when prepotent processes come in conflict with controlled processes (MacDonald 

et al. 2000). If value added explanations model cognitive processing, the addition of a 

decoy will increase conflict between internal/controlled processes and external/controlled 

processes resulting in an increase in conflict monitoring processes. 

 

4.1.3.3 Trade-off Avoidance 

Luce, Bettman and Payne (2001) have a different explanation for the decoy effect. 

They suggest people choose options that minimize negative emotion created from the 

choice process itself. Subjects in their studies were asked to either make a choice between 
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two options, or rate the difficulty of a choice, described in a fictional situation. The 

researchers found negative emotion was created when decision makers were forced to 

make a trade-off between attributes during the choice process. Further, they found 

subjects preferred options that allowed them to avoid making trade-off decisions. 

Extending this to the attraction effect, we can see how the presence of the decoy increases 

preferences for the target. The decoy provides a strategy to choose an option that avoids 

making a trade-off decision between options19. Decision makers avoid the negative 

emotion cause by trade-offs in the internal/controlled processes by using an 

external/controlled process to make a decision. This means the addition of a decoy will 

increase external/controlled processes in the DLPFC (quadrant II) while decreasing 

internal/controlled processes in the MPFC (quadrant I). Further, the decoy will decrease 

negative emotional processes which may appear as decreased activation in the insula or 

amygdala (quadrant III). Like the value added explanation, a conflict between internal 

processes and external processes will occur when the processes lead to selection of 

different alternatives. This means the addition of a decoy will increase conflict 

monitoring processes in the ACC. 

The sections above cover the major theories describing how the addition of an 

alternative changes preferences of the original alternatives. The value change, weight 

change, and loss aversion explanations suggest that adding a decoy to a choice set will 

increase internal/controlled processes used to make a decision. The value added and 

trade-off avoidance explanations predict an increase in external processing paired with a 

                                                 
19 One strategy that would avoid trade-offs is a strategy that picks dominating alternatives.  This strategy 
assures selection of an option that is not the worst, while avoiding the need to explicitly evaluate the trade-
off.  Luce, Bettman and Payne discuss other strategies such as lexicographic decision strategies or 
strategies that focus on one attribute (“I always pick high quality” or “I’m a value shopper”). 
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decrease in internal processing when a decoy is added to a choice set. Further, they 

predict the addition of a decoy will increase conflict monitoring. While the value added 

and trade-off avoidance explanations are largely similar, one additional prediction can 

distinguish between these explanations. Trade-off avoidance predicts the addition of a 

decoy will decrease negative emotion while the value added explanation does not suggest 

any change in negative emotion. 

 

4.2 Attraction Effect Propositions  

Unlike the other explanations, value added and trade-off avoidance studies have 

examined factors that directly relate to the cognitive mechanisms in this framework.  

Studies by Simonson (1989) and Luce, Bettman, and Payne (2001) have measured factors 

such as ease of justification and amount of negative emotion generated from making a 

decision in support of these explanations. Therefore, the following propositions will 

focus on value added and trade-off avoidance explanations for the attraction effect. 

Hypothesized neural activation for weight shift, value shift, and loss aversion will not be 

discussed further, but can be found in the appendix in Table 6. 

 

Proposition 1: Decoys provide a way to choose a preferred option (based on dominance) 

that avoids negative emotion from trade-offs. Therefore, relative to decisions where a 

decoy is not present in the choice set, decisions with a decoy will have less negative 

emotion.  
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Hypothesis 1: Relative to decisions involving a choice set comprising two 

options in a trade-off setting, a decision involving a choice set enriched with a 

decoy should be associated with less activation in the amygdala. 

Proposition 2: Relative to decisions where a decoy is not present in the choice set, 

decisions with a decoy will increase the use of externally focused processes (such as 

justification) and decrease the use of internally focused processes (such as feelings about 

the alternatives). 

  

Hypothesis 2: Therefore, decisions with a decoy will have more activation in the 

dorsolateral prefrontal cortex (DLPFC) and less activation in the medial prefrontal 

cortex (MPFC) relative to decisions with no decoy. 

 

Proposition 3: Relative to decisions where a decoy is not present in the choice set, 

decisions with a decoy will increase the amount of cognitive conflict. This arises as 

internal and externally focused processes conflict on which option to choose. 

 

Hypothesis 3: Therefore, decisions with a decoy will have more activation in the 

anterior cingulate cortex relative to decisions with no decoy. 

 

One problem with this analysis is that increased activation could be a result of 

more information presented in the three versus two option decisions. This analysis 

provides a strong test of the deactivation in MPFC as increased information processing 

demands should increase activation in the MPFC. However, this creates a confound for 

increased activation in DLPFC and ACC as increased activation could be solely the result 

of a more cognitively demanding decision. For instance, more information has to be 

stored in working memory when there are three options versus two options. Another way 
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to examine the attraction effect without having this problem will be to hold the context 

constant (3 options – including a decoy) and examine brain activation in subjects who 

demonstrate high decision bias versus subjects with low decision bias20. This holds the 

amount of information constant, meaning we don’t have a confound with cognitive 

demand. However, we can still examine the different processing styles based on the 

amount of subject’s decision bias. This leads to the following hypotheses: 

 

Proposition 4: Subjects with high bias use justification (an externally focused process) 

more often than subjects with low bias. This means subjects with high bias use more 

externally focused information than subjects with low bias. 

 

Hypothesis 4: Therefore, looking at choices where a decoy was present, choices 

by high bias subjects will have more activation in the DLPFC and less activation 

in the MPFC relative to choices by low bias subjects. 

 

Proposition 5: Subjects with high bias have greater internal and external decision 

conflict than subjects with low bias. 

 

Hypothesis 5: Therefore, looking at choices where a decoy was present, choices 

by high bias subjects will have more activation in ACC relative to choices by low 

bias subjects. 

 

The previous hypotheses are identical for the value added and trade-off avoidance 

explanations. It is not surprising that they share similar activation patterns as the 

                                                 
20 A different way to address this problem would be to test a decoy versus non-decoy condition where both 
conditions had three options.  The non-decoy condition could include an option that is significantly worse 
than both original options, but not similar to either.  This idea was pre-tested in several behavioral 
experiments.  Unfortunately, all of the “non-decoy” conditions resulted in a change in preferences 
compared to a control condition with only two options.  This made the non-decoy condition an 
inappropriate control condition.   
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explanations are very similar. However, one implication can distinguish between the 

explanations. Trade-off avoidance specifically suggests subjects choose the target to 

avoid negative emotion. This suggests the next set of hypotheses: 

 

Proposition 6: If trade-off avoidance describes the process underlying the attraction 

effect, subjects with high bias will have less negative emotion than subjects with low 

bias. The value added theory does not predict any differences in negative emotion. 

 

Hypothesis 6a: Therefore, if trade-off avoidance describes the process underlying 

the attraction effect, high bias subjects will have less activation in areas associated 

with negative emotion such as the amygdala than subjects with low bias. 

Hypothesis 6b: Alternatively, if the value added explanation describes the 

process underlying the attraction effect, subjects with high bias will have the same 

activation in areas associated with negative emotion such as the amygdala than 

subjects with low bias. 

 

4.3 Regulatory Depletion  

 In contrast to the economically rational decision maker, the above hypotheses 

describe preference formation as a constructive process that depends on contextual 

aspects of the problem. This view is supported by many within psychology and marketing 

(Payne, Bettman and Johnson 1992), and is consistent with the view that decision makers 

have limited cognitive capacities such as the limitations described by Simon (1955). 

Literature on self-control21 has investigated another aspect of cognitive limitation. These 

studies suggest self-control weakens like a muscle (Muraven and Baumeister 2000). 

Subjects demonstrate reduced capacity for self-control after an initial act of self-control. 

                                                 
21 The terms self-control and self-regulation are often used interchangeably. 
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Social drinkers drink more beer (Muraven, Collins, and Nienhaus 1999) and dieters 

overeat (Vohs and Heatherton 2000). Importantly, this does not apply to all cognitively 

difficult tasks. While solving a math problem may be cognitively difficult, it may not be 

impacted by the depletion of self-control related resources (Muraven and Baumeister 

2000). 

Amir et al. (2007) have directly examined how the exercise of self-control affects 

decisions in a decoy task. They find subjects who have previously performed a self-

control task are more biased by a decoy than subjects who have preformed a similar task 

that does not require self-control. The researchers theorize that diminished regulatory 

resources result in reliance on “relatively effortless” perceptual cues and a decreased 

ability to overcome these initial choice biases. Further, they suggest the decoy provides a 

perceptual cue (dominance) to make a non-compensatory decision. The subjects’ 

decreased ability to overcome initial choices biases results in reliance on the dominance 

cue which will result in a larger attraction effect. Hypothesis 2 suggests the compensatory 

decision process is correlated with neural activation in the MPFC. Further, the dominance 

sensitive process is correlated with neural activation in the DLPFC. The combined 

theories suggest the following set of hypotheses. 

 

Proposition 7: Subjects who perform a self-control task will subsequently use a simpler, 

non-compensatory choice process than subjects who do not perform a self-control task. 

Hypothesis 7a: Therefore, subjects who perform a self-control task will have a 

larger attraction effect than subjects who do not perform the self-control task. 
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Hypothesis 7b: Subjects who perform the self-control task will have decreased 

activation in the MPFC compared to subjects who do not perform the self-control 

task when they subsequently choose between alternatives. 

Hypothesis 7c: Subjects who perform the self-control task will have increased 

activation in the DLPFC compared to subjects who do not perform the self-

control task when they subsequently choose between alternatives. 

 

 Richeson and colleagues provide a more nuanced explanation for regulatory 

depletion, though their study investigated racial bias and did not examine the attraction 

effect (Richeson et al. 2003). They suggest performance of a self-regulatory task uses 

executive control mechanisms and that these mechanisms are temporarily depleted for 

use in a subsequent task. Specifically, they suggest self-control tasks will decrease the 

use of conflict monitoring processes associated with activity in the ACC. The executive 

control theorizing from Richeson et al. (2003) lead to the following additional 

hypothesis: 

 

Proposition 8: Subjects who perform a self-control task will have a diminished capacity 

to monitor response conflict on subsequent choices than subjects who do not perform a 

self-control task. 

Hypothesis 8: Subjects who perform the self-control task will have decreased 

activation in the ACC compared to subjects who do not perform the self-control 

task when they subsequently choose between options where a decoy is present. 
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5. Research Design 

This chapter outlines the two research projects that provide empirical evidence for 

the hypotheses. The first is an fMRI investigation of the attraction effect. This study uses 

brain activation results to examine a cognitive process model of the attraction effect. The 

second study is an fMRI investigation of the attraction effect after regulatory resources 

have been diminished. This study uses brain activation results to examine the 

neurological correlates of regulatory depletion.  

 

5.1 fMRI as a Research Instrument 

 The use of brain imaging techniques to study the attraction effect is ideal for three 

reasons: 

1. The attraction effect is a well known phenomenon that has been studied for over 

20 years, but no single explanation for the phenomenon currently dominates. 

2. This topic has never been studied before in decision neuroscience.  

3. Choice is a basic concept relevant to marketing. This study will help link 

previously unrelated concepts by showing the shared neural basis of the 

processing. 

 

5.2 fMRI investigation of the Attraction Effect 

The first set of studies includes: 1) a behavioral pretest to replicate past attraction 

effect findings and 2) an fMRI experiment that examines how decoys affect decision 

processing. Both studies also used a questionnaire prior to the experiment to elicit 
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approximate indifference levels from the subjects. The studies will be discussed together 

as the stimuli and manipulations were identical in both experiments. 

Typical decoy studies ask subjects to answer between six and twenty questions 

using a paper and pencil questionnaire. Constraints in the scanner require typical fMRI 

studies to have a relatively small number of subjects who answer questions projected on a 

computer screen using a number pad. Therefore, some minor changes were made to the 

standard attraction effect questions before the stimuli were deemed appropriate for 

research in the scanner. First, subjects answered a paper and pencil survey seven to 

twenty days prior to answering choice questions (see Appendix B for the full survey). 

The survey was designed to elicit approximate indifference levels towards the options in 

the choice set. Following is the set of instructions that subjects read. 

 
On the next few pages, you will be asked many questions. In each question, you must 
make an evaluation of two options. Here is a sample question: 

 
Suppose you had to choose between two offerings of a College Class. One class 
had a better instructor. What would the quality of materials have to be in the other 
class to make the two equally attractive? Both instructor quality and materials 
quality are rated on a 1-100 scale where 1= very poor and 100 = outstanding. 
 
College Class 

 Quality of Instructor Quality of Materials 
Option #1 70 80 
Option #2 80 _____ 

 
 

We are interested in your judgment about what score will make these classes 
equally attractive. For instance, you might enter 65 as a value that makes you 
equally interested in either section since the instructor for section #2 is better than 
the instructor in section #1. 

 
 

Please enter an answer for every question. 
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Subjects were given values for three attributes describing two alternatives. They 

were asked to fill in a fourth attribute with a value that would make them indifferent 

between the two options. Subsequent choice questions in the behavioral pretest and fMRI 

experiment were customized based on the subjects’ earlier answers to assure that subjects 

were approximately indifferent between two of the options.  

Choice questions in the behavioral pretest and fMRI experiment were presented 

over multiple screens so that analysis of brain activation for the choice process itself 

could be separated from other aspects of the process such as reading the question (see 

appendix figure 8). Subjects first read a description of the choice problem. This screen 

was presented for 15 seconds and included descriptions of the attributes. Next, subjects 

were presented with two to three options described with two attributes. Subjects had up to 

28 seconds to choose a preferred option. All subjects were able to select a preferred 

option in less than 28 seconds. When subjects selected an option in less than 28 seconds, 

they saw a grey screen for the remaining amount of time (28 seconds minus the amount 

of time for their decision). Subjects then saw a fixation cross (+) for 2 seconds. The 

process was then repeated with the next description. 

 

Manipulations 

All versions of the question had two alternatives described with two attributes 

where one alternative dominated on the first attribute, and the second alternative 

dominated on the second attribute. To examine the effect of decoys on processing, 

availability of a third, normatively irrelevant alternative was manipulated. Two forms of 
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decoys were tested. The first decoy was an asymmetrically dominated decoy. This 

alternative shared an identical attribute value with the target and was inferior on the other 

attribute. The second decoy was an inferior decoy. This alternative was slightly better 

than the target on one attribute and significantly worse on the other attribute. While the 

inferior decoy was not strictly dominated by either of the original alternatives, the 

indifference questionnaire allowed customization of attribute values so that the inferior 

decoy could be placed in a position that made it subjectively inferior to the target (see 

appendix figure 8 for an example). Analysis of this manipulation was done within 

subjects. 

 

Experimental Design 

The primary manipulation was availability of a decoy. This manipulation had 

three levels (no decoy, asymmetrically dominated decoy, and inferior decoy). Subjects 

answered 72 questions (24 no decoy, 24 asymmetric dominated decoy, and 24 inferior 

decoy) that were arranged in 6 blocks each with 12 questions. Questions included choices 

between car, hotel, home maintenance, cruise, car repair, apartment, day care, retirement 

investments, house, health plan, education policy, or careers. Each of these was described 

with 2 (of 3 possible) attributes with two levels of attribute values (relatively low or high) 

(see Appendix D for a complete list). The different attributes and attribute values were 

included as manipulations so that subjects answered similar, but never identical questions 

between blocks. Trials were randomized (meaning each trial had a new primary 

manipulation) prior to administration of the first test and held constant between subjects.  
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Behavioral pretest 

A behavioral pretest was performed outside of the scanner to verify that subject 

responses replicated past attraction effect findings. A new set of subjects then made 

choices while in the scanner. Subjects in both the behavioral pretest and fMRI experiment 

provided answers to the indifference level questionnaire seven to twenty days before 

answering choice questions. 

 

Subjects  

 Thirty undergraduates performed the task on E-prime22 in a computer lab at the 

Carlson School of Management. Subjects were recruited from the Carlson School 

research subject pool. The protocol was approved by the Institutional Review Board and 

the University of Minnesota and informed consent was obtained prior to participation. 

Subjects received course credit as compensation. 

 

Predictions 

The presence of an asymmetric or inferior decoy is expected to increase choice 

share of the most similar (target) alternative. This will be a replication of prior attraction 

effect studies (Huber, Payne and Puto 1982). 

Prediction 1: Choice share of the target will increase when an asymmetric decoy 

is included in a choice set relative to decisions where no decoy is included in a 

choice set. 

 

                                                 
22 E-prime is a software tool that presents stimuli on a computer screen.   
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Prediction 2: Choice share of the target will increase when an inferior decoy is 

included in a choice set relative to decisions where no decoy is included in a 

choice set. 

 

Results 

To assess whether the attraction effect occurred, I examined choice shares of the 

decoyed option in all three-item choice sets that varied only on whether one or the other 

element was the target. That is, in any three-item choice set, I define the options to be 

ABA’ (where A is one option, B is another, and A’ is a decoy located close to A), or 

ABB’ (where A is one option, B is another and B’ is a decoy located close to B). The two 

choice sets did not vary in any other manner. If the share of A is relatively high in the 

choice set comprising ABA’ and the share of B is relatively high in the choice set 

comprising ABB’, that evidence would be supportive of an attraction effect. This 

approach, of assessing the attraction effect by comparing two 3-item choice sets is 

consistent with the procedure adopted by Wedell and Pettibone (1996) and Pettibone and 

Wedell (2000). 

The omnibus mixed LOGIT analysis that accounts for the repeated measures 

factor (subjects’ exposure to multiple stimuli) yielded the following result (italicized 

coefficients are significant at p < .05): 

Logit (SHARE) = .35+ 1.02 DECOY -.36 TASK -.15 TASK*DECOY 

where SHARE is the choice share of a particular option, 

 DECOY indicates whether that option was decoyed (i.e., was the target) or  

the other option in the choice set was decoyed; 

TASK indicates whether the decoy was asymmetrically dominated or  
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inferior.  

The results indicate a main effect due to an option serving as the target, and a main effect 

due to whether the decoy was asymmetrically dominated by or inferior to the target. An 

examination of choice shares between conditions indicates that decoying an option 

increases its share by about 20% on average. This is consistent with earlier attraction 

effect studies (Hedgcock and Rao 2009). 

  

fMRI study of the Attraction Effect 

The fMRI portion of the experiment was run on a 3 Tesla scanner located at the 

Center for Magnetic Resonance Research at the University of Minnesota. Subjects in this 

portion of the experiment did not participate in the behavioral pretest. Like the behavioral 

pretest, subjects provided answers to the indifference level questionnaire seven to twenty 

days before answering choice questions. 

 

Subjects and Experimental Procedures  

Eighteen right handed subjects who had been screened for safety so they could 

participate in a magnetic resonance imaging study and had no prior history of 

psychological illness participated in this study. Functional scans for two subjects were 

not included in the final analysis. Computer problems interrupted the experiment during 

one subject’s scan. Another subject’s functional data could not be aligned to a 

standardized space. Therefore, behavioral and brain imaging data were analyzed for the 

remaining 16 subjects (6 female). Subjects received $20 as compensation. 
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Subjects responded to the stimuli while lying on their back in the scanner. Stimuli 

were projected onto a screen located outside the scanner. Subjects could see the stimulus 

via a mirror located directly in front of their eyes. Subjects provided responses by 

depressing one of three keys on a key pad located in close proximity to their right hand. 

The total time subjects spent on this procedure, including scanner preparation, receiving 

instructions, and task time, was 75 minutes. 

First, as in the pilot study, subjects responded to two practice scenarios before 

encountering the experimental stimuli. Then, they read a description of the attributes and 

the choice problem displayed for 15 seconds (Figure 9). Next, subjects were presented 

with the choice problem itself, comprising either two or three options, described on two 

attributes. Subjects had up to 28 seconds to choose an option. (Subjects successfully 

selected a preferred option in less than 28 seconds, in all but 2 cases). When subjects 

selected an option in less than 28 seconds, they saw a grey screen for the remaining 

amount of time. Subjects then saw a fixation cross (“+”) for 2 seconds, to alert them to 

the imminent appearance of the next choice problem description. This procedure was 

repeated for the seventy two different experimental scenarios. 

As in the pilot study, the stimuli were arranged in blocks. A total of 6 blocks each 

comprising 12 stimuli, were created. Subjects took a short break between blocks. The 

choice problems featured a variety of stimuli including cars, hotels, home maintenance, 

cruises, car repair, apartments, daycare, retirement investments, houses, health plans, 

education policy, and careers (see Appendix D for a complete list of stimuli in the order 

in which subjects saw them). Different attributes and attribute values were employed as 
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manipulations as a result of which subjects answered similar, but never identical, 

questions in the different blocks.  

In all the decoy conditions, in a departure from the procedure employed in the 

pilot study, the same option was decoyed. This simplified the design, and was deemed 

appropriate since decoying one or the other option had yielded the attraction effect in the 

pilot study. 

 

Hypotheses 

Proposition 1: Decoys provide a way to choose a preferred option (based on dominance) 

that avoids negative emotion from trade-offs. Therefore, relative to decisions where a 

decoy is not present in the choice set, decisions with a decoy will have less negative 

emotion.  

Hypothesis 1: Relative to decisions involving a choice set comprising two 

options in a trade-off setting, a decision involving a choice set enriched with a 

decoy should be associated with less activation in the amygdala. 

Proposition 2: Relative to decisions where a decoy is not present in the choice set, 

decisions with a decoy will increase the use of externally focused processes (such as 

justification) and decrease the use of internally focused processes (such as feelings about 

the alternatives). 

  

Hypothesis 2: Therefore, decisions with a decoy will have more activation in the 

dorsolateral prefrontal cortex (DLPFC) and less activation in the medial prefrontal 

cortex (MPFC) relative to decisions with no decoy. 
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Proposition 3: Relative to decisions where a decoy is not present in the choice set, 

decisions with a decoy will increase the amount of cognitive conflict. This arises as 

internal and externally focused processes conflict on which option to choose. 

 

Hypothesis 3: Therefore, decisions with a decoy will have more activation in the 

anterior cingulate cortex relative to decisions with no decoy. 

 

Behavioral Results 

To assess whether or not the attraction effect occurred, the following analysis was 

conducted. Recall that all subjects had provided attribute values that would make them 

indifferent between the two focal options. I assessed the choice share of these two options 

depending on whether one of them was decoyed (either by an inferior or an asymmetric 

decoy) or not. Any deviation from indifference (a 50% share) would be indicative of an 

attraction effect. 

When the target was decoyed by an asymmetrically dominated decoy, its share 

relative to the competitor was 64.7%, a figure that is substantially and significantly 

higher than 50% (Pearson χ2  = 31.7, d.f. = 1, p <.001)23. When the target was decoyed by 

an inferior decoy, its share relative to the competitor was 56.8%, a figure that is also 

significantly higher than 50% (Pearson χ2  = 6.224, d.f. = 1, p <.013)24.  A t-test of the 

arcsine transformed proportions data yielded similar, statistically significant conclusions 

(all p’s < .05). Prior literature has found the same pattern of results. Inferior decoys 

typically generate a smaller attraction effect than asymmetric decoys (Pettibone and 

Wedell 2000). 

                                                 
23 The decoy was selected 4% of the time (16 out of the 384 decisions).  
24 The decoy was selected 12% of the time (44 out of the 384 decisions). 
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Hemodynamic Response Results 

No differences in brain activation were observed between the asymmetric decoy 

and inferior decoy conditions25. This suggests that decision-making with an inferior and 

asymmetric decoy is qualitatively similar regardless of the location of the decoy. Prior 

research has also suggested that the same cognitive process might explain both inferior 

and asymmetric decoys (Pettibone and Wedell 2000). Therefore, in the following 

analyses, we combine both decoy conditions. 

A comparison of cerebral activation under trade-off versus decoy conditions 

revealed several significant differences. In light of the hypotheses, I focused on activation 

differences in a) the amygdala, b) the medial prefrontal cortex, c) the dorsolateral 

prefrontal cortex, d) the anterior cingulate cortex, and e) parts of the parietal cortex. 

Relative to choice sets with no decoy, choice sets enriched with a decoy had a statistically 

significant:  

a) decrease in activation in the amygdala, an area of the brain associated 

with negative emotion, 

b) decrease in activation in the MPFC (BA 10/32), an area of the brain 

associated with self-referential evaluation of preferences, 

c) increase in activation in the DLPFC (BA 9), an area of the brain 

associated with the use of decision rules, 

d) increase in activation in the ACC (BAs 24/32, an area of the brain 

associated with monitoring conflict; and 

                                                 
25 p (bonf) <1.0. 
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e) decrease in activation in the right inferior parietal lobule, an area of the 

brain associated with processing numerical magnitude. 

These results are displayed in Figures 10 and 11. A list of activation differences 

described above is provided in Table 7. The technical details associated with the 

equipment, procedures and analyses are provided in Appendix E. 

---------------------- 

Insert Figures 10 and 11 and Table 7 here  

---------------------- 

These findings are supportive of hypotheses 1 and 2. Seemingly, two-item choice 

sets activate the amygdala more than choice sets enhanced with a decoy, reflecting an 

increased role for negative emotion in decisions when a decoy was not present. Reduced 

activation in the DLPFC and ACC during decisions involving two-item choice sets 

suggests reduced use of rules or heuristics, and reduced conflict regarding the use of 

appropriate decision rules when confronted with two-item choice sets. Increased 

activation of the MPFC reflects enhanced use of an area that is associated with emotion 

in decision-making, while examining a two-item choice set. The particular Brodmann 

Areas implicated suggest a reduction in evaluative judgments of own preferences when a 

decoy is present (Zysset et al. 2002). Finally, increased activation in the right inferior 

parietal lobule suggests enhanced numerical magnitude processing, which could be a 

consequence of the numerical nature of our stimuli.  

These results are supportive of the premise regarding trade-off aversion and the 

negative emotion generated during the evaluation of trade-offs. While evaluating choice 

sets that do not represent a trade-off (i.e., the structure of the choice set allows for a 
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dominant option to be identified), the relative decrease in activity in areas associated with 

negative emotion suggests that, one compelling explanation for the attraction effect is 

trade-off aversion and the avoidance of negative emotion. That is, the manifestation of 

the attraction effect under asymmetric and inferior decoys is accompanied by the relative 

decrease of negative emotion. In general, the negative emotion associated with trade-off 

decisions is lower in decisions when the choice set is enriched with a decoy.   

 

Rival Explanation 

There exists a plausible rival explanation for a fraction of the results. Increased 

activation in the DLPFC and ACC could be the consequence of having processed more 

information in the three item choice set versus the two item choice set. That is, more 

information has to be stored in working memory when three options are evaluated 

relative to when two options are evaluated, and this task complexity might explain the 

increased activation in the DLPFC and the ACC. Therefore, the next analysis examines 

relative activation when three-item choice sets are evaluated by subjects who display the 

attraction effect to a greater or lesser degree. 

Recall that subjects responded to 48 stimuli that included a decoy. The data were 

split, classifying subjects who selected the target more than 50% of the time as “high 

heuristic processors” because they likely used a heuristic to select the target, and subjects 

who selected the target 50% or less of the time as “low heuristic processors”. Then brain 

activation was assessed comparing differences between these two groups of subjects. 

This comparison holds the stimuli constant across the two conditions and thus eliminates 

any stimulus based confounds in the analysis. Therefore, any differences in brain 
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activation between conditions can be attributed only to differences in the degree to which 

the target was selected. 

Subjects who are high in heuristic processing are likely to experience relatively 

less negative emotion when examining decoy enriched choice sets, because they likely 

employ a decision rule that results in their selection of the target more frequently than 

subjects who are low in heuristic processing. As a consequence, they should display less 

activation in the amygdala and MPFC, and more activation in the DLPFC and ACC, 

relative to subjects who likely do not employ heuristics to the same degree because they 

selected the target less frequently. 

A comparison of cerebral activation for high heuristic processors versus low 

heuristic processors revealed several effects. Relative to low heuristic processors, high 

heuristic processors displayed reduced activation in the amygdala, reduced activation in 

the MPFC (BAs 10/32), increased activation in the DLPFC (BA 9), increased activation 

in the ACC (BAs 24/32), and reduced activation in the right inferior parietal lobule. 

These findings confirmed our hypotheses, suggesting that indeed, the tendency to 

manifest the attraction effect is accompanied by a reduction in negative emotion, an 

effect that is observe while holding constant the amount information to which subjects 

are exposed. Emotional trade-off avoidance is a viable explanation for the attraction 

effect. 

 

5.3 fMRI Study of the Attraction Effect and Regulatory Depletion 

Amir et al. (2007) have demonstrated regulatory resource depletion increases 

choice bias in several attraction effect studies and suggest this bias occurs because 
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subjects rely on perceptual dominance cues more after regulatory resource depletion. 

Other researchers have suggested alternative mechanisms such as decreased attention 

(Muraven and Baumeister 2000) and decreased executive control capacity (Richeson et 

al. 2003) to describe aspects of regulatory resource depletion, but no studies have directly 

examined brain activity in subjects as they choose preferred options after regulatory 

resource depletion. This study examines the neural correlates of decision bias after 

performance of a regulatory resource depleting task. Specifically, the final study 

investigates how self-control changes cognitive processes in subsequent choice tasks.  

 

Stimuli 

 Subjects performed four blocks of tasks. The second and fourth blocks were 

choice stimuli that were similar to study 1. These blocks took eight minutes each and 

consisted of 12 choices. Trials were randomized between subjects.  

 The first and third blocks were either a regulatory or control task. Stimuli 

included a fixation cross with words flashing near the cross. These blocks took 5 minutes 

to complete and are described in the next section. 

 

Manipulations  

Subjects randomly received one of two manipulations during the study. 

Instructions for blocks 1 and 3 depended on the manipulation, though the stimuli were 

identical (see appendix, Figure 12 for an example). The first manipulation had the 

following instructions, “Words will periodically be displayed on the screen. These words 

are unrelated to your task. You can ignore them if you want. Please keep your eyes on the 
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+ sign.” The second manipulation had the following instructions, “Words will 

periodically be displayed on the screen. These words are unrelated to your task. It is very 

important you ignore these words. Please keep your eyes on the + sign.” These 

instructions were both presented on a screen to the subject and read by the experimenter. 

Subjects in either condition had a difficult time ignoring the periodically displayed 

words. This means subjects in the test condition (“very important you ignore the words”) 

used more self-control to ignore the words than subjects in the control condition (“You 

can ignore them if you want”). Similar manipulations have previously been used in the 

self-control literature and have been shown to deplete self-control in later tasks (Vohs 

and Schmeichel in press). 

 Blocks 2 and 4 had the same choice task as study 1 with the same decoy 

manipulations (see Figure 8). Questions were randomized across subjects. 

 

Behavioral pretest 

A behavioral pretest was performed outside of the scanner to verify that subject 

had an increased decision bias after performing a regulatory depletion task. A new set of 

subjects then made choices while in the scanner.  

 

Subjects  

 Forty-two undergraduates performed the task on E-prime in a computer lab at the 

Carlson School of Management. Subjects were recruited from the Carlson School 

research subject pool. The protocol was approved by the Institutional Review Board and 
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the University of Minnesota and informed consent was obtained prior to participation. 

Subjects received either course credit or $15 as compensation. 

 

Predictions 

Performance of a prior regulatory demanding task is expected to increase choice 

share of the most similar (target) alternative when a decoy is present. This will be a 

replication of findings in Amir et al. (2007). 

 

Proposition 7: Subjects who perform a self-control task will subsequently use a simpler, 

non-compensatory choice process than subjects who do not perform a self-control task. 

Hypothesis 7a: Therefore, subjects who perform a self-control task will have a 

larger attraction effect than subjects who do not perform the self-control task. 

 

Results 

To assess whether there was an increased decision bias after subjects performed a 

task that depleted regulatory resources, I examined the amount of decision bias for 

subjects who had performed the regulatory depleting task versus the amount of decision 

bias for subjects who performed the control task. As in the earlier study, I define the 

options to be ABA’ (where A is one option, B is another, and A’ is a decoy located close 

to A), or ABB’ (where A is one option, B is another and B’ is a decoy located close to B). 

If the share of A is relatively high in the choice set comprising ABA’ and the share of B 

is relatively high in the choice set comprising ABB’, that evidence would be supportive 

of an attraction effect.  
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The results of a 2 (depletion) x 2 (decoy type) analysis of variance (ANOVA) 

with choice of the target (1 = subject chose target, 0 = subject chose competitor) as a 

dependent variable demonstrate an 8 percentage point increased decision bias after 

depletion ( M = 0.62 versus 0.54; F(1, 558) = 3.04, p < 0.041) and a main effect of decoy 

type (M = 0.524 (inferior) versus M = 0.635 (asymmetric); F(1, 558) = 7.103, p < .01) 

and no interaction effect between depletion and decoy type ( p > 0.5). The mixed LOGIT 

analysis that accounts for the repeated measures factor (subjects’ exposure to multiple 

stimuli) found a significant result ( p < 0.01) for decoy type (asymmetric or inferior), a 

marginally significant result for depletion condition (p = 0.06) and no interaction effect 

between depletion and decoy type ( p > 0.5). 

 

                                  

Type of Decoy No Yes
Asymmetric 60% 67%

Inferior 49% 56%

Depletion

 

 

 

 The results indicate a main effect due to depletion and a main effect due to decoy 

type (asymmetric or inferior). Subjects chose the target 49% of the time when not 

depleted and 56% of the time when depleted in the inferior decoy condition and chose the 

target 60% of the time when not depleted and 67% of the time when depleted in the 

asymmetric decoy condition. This supports hypothesis 7a. Subjects who perform a self-

control task subsequently have a larger decision bias than subjects who did not perform 

the self-control task. 

Table 8: Choice Percentages 
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fMRI study of Regulatory Resource Depletion  

The fMRI portion of the experiment was run on a 3 Tesla scanner located at the 

Center for Magnetic Resonance Research at the University of Minnesota. Subjects in this 

portion of the experiment did not participate in the behavioral pretest. Unlike the 

behavioral pretest (but like the fMRI attraction effect study), subjects provided answers 

to the indifference level questionnaire six to fifteen days before answering choice 

questions. 

 

Manipulations  

Subjects answered questions in the scanner on two separate occasions separated 

by 6 to 14 days so that they could receive both of the experimental manipulations. 

Subjects randomly received one of two manipulations during the first study and received 

the other manipulation during the second study. This manipulation was largely identical 

to the manipulation in the behavioral pretest. The first manipulation had the following 

instructions, “Words will periodically be displayed on the screen. These words are 

unrelated to your task. You can ignore them if you want. Please keep your eyes on the + 

sign.” The second manipulation had the following instructions, “Words will periodically 

be displayed on the screen. These words are unrelated to your task. It is very important 

you ignore these words. Please keep your eyes on the + sign.” These instructions were 

both presented on a screen to the subject and read by the experimenter. Further, in the 

second manipulation, subjects were told the scans would be “messed up” if they were 

unable to ignore the words.  
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 Blocks 2 and 4 had the same choice task with the same decoy manipulations (see 

Figure 8) as study 1 and as the behavioral pretest. Questions were randomized across 

subjects. 

 

Subjects  

 The fMRI study had seventeen subjects screened for safety in a magnetic 

resonance imaging study and for no prior history of psychological illness. The protocol 

was approved by the Institutional Review Board and the University of Minnesota. 

Subjects received $10 for answering the survey, $35 for the first fMRI session, and $50 

for the second fMRI session. All subjects voluntarily participated in the whole study. One 

subject was removed from the analysis because choice responses were not accurately 

collected during his/her study. 

 

Hypotheses 

 Subjects with diminished regulatory resources will have less ability to overcome 

initial choice biases such as the dominance cue created by the decoy. This will lead to a 

larger attraction effect. The first study in this dissertation has already demonstrated the 

attraction effect is associated with decreased activation in the MPFC and increased 

activation in the DLPFC.  

 

Proposition 7: Subjects who perform a self-control task will subsequently use a simpler, 

non-compensatory choice process than subjects who do not perform a self-control task. 
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Hypothesis 7a: Therefore, subjects who perform a self-control task will have a 

larger attraction effect than subjects who do not perform the self-control task. 

Hypothesis 7b: Subjects who perform the self-control task will have decreased 

activation in the MPFC compared to subjects who do not perform the self-control 

task when they subsequently choose between alternatives. 

Hypothesis 7c: Subjects who perform the self-control task will have increased 

activation in the DLPFC compared to subjects who do not perform the self-

control task when they subsequently choose between alternatives. 

 

Subjects with diminished regulatory resources have less ability to overcome initial 

choice biases because of a diminished capacity to monitor response conflict. Response 

conflict monitoring has been associated with activation in the ACC. 

 

Proposition 8: Subjects who perform a self-control task will have a diminished capacity 

to monitor response conflict on subsequent choices than subjects who do not perform a 

self-control task. 

Hypothesis 8: Subjects who perform the self-control task will have decreased 

activation in the ACC compared to subjects who do not perform the self-control 

task when they subsequently choose between alternatives. 

 

Behavioral Results 

To assess whether there was an increased decision bias after subjects performed a 

task that depleted regulatory resources, I examined the amount of decision bias for when 
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subjects had performed the regulatory depleting task versus the amount of decision bias 

when subjects had performed the control task. As in the earlier studies, I define the 

options to be ABA’ (where A is one option, B is another, and A’ is a decoy located close 

to A), or ABB’ (where A is one option, B is another and B’ is a decoy located close to B). 

If the share of A is relatively high in the choice set comprising ABA’ and the share of B 

is relatively high in the choice set comprising ABB’, that evidence would be supportive 

of an attraction effect.  

The results of a 2 (depletion) x 2 (decoy type) analysis of variance (ANOVA) 

with choice of the target as a dependent variable do not demonstrate an increased 

decision bias after depletion ( p > 0.8). The mixed LOGIT analysis that accounts for the 

repeated measures factor (subjects’ exposure to multiple stimuli) also does not have a 

significant result for depletion ( p > 0.8). 

 

              

Type of Decoy No Yes
Asymmetric 65% 63%

Inferior 64% 66%

Depletion

 

 

 

Subjects chose the target 64% of the time when not depleted and 66% of the time 

when depleted in the inferior decoy condition and chose the target 65% of the time when 

not depleted and 63% of the time when depleted in the asymmetric decoy condition. The 

decoys increased choices of the target by over 10 percentage points, but the regulatory 

depletion task did not change the decision bias. This does not support hypothesis 7a and 

Table 9: fMRI - Choice Percentages 
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is contradictory to the findings in the behavioral pretest. While this finding is not ideal for 

the current study, it is not entirely unexpected. Prior research has demonstrated that high 

motivation can overcome the effects of regulatory depletion (Muraven and Slessareva 

2003). It seems likely that subjects in the scanner were more highly motivated than 

subjects in the behavioral pretest. Implications for this finding on the brain activation 

results will be discussed in the next section. 

 

Hemodynamic Response Results 

A comparison of cerebral activation during choices either after regulatory 

depletion or after the control condition revealed several significant differences. In light of 

the hypotheses, I focused on activation differences in a) the medial prefrontal cortex, b) 

the dorsolateral prefrontal cortex, and c) the anterior cingulate cortex. Relative to choices 

in the control condition, choices after regulatory depletion had a statistically significant 

increase in activation in the MPFC (BAs 10/32) and the right DLPFC (BAs 9 and 10) and 

a significant decrease in activation in the ACC (BA 32). These results are displayed in 

Figures 13a and 13b. The technical details associated with the equipment, procedures and 

analyses are provided in Appendix F. 

---------------------- 

Insert Figures 13a and 13b and Table 10 about here 

---------------------- 

 

These findings are supportive of hypothesis 7c and 8 but not 7a and 7b. The 

regulatory depletion task seems to decrease activation in an area of the brain associated 
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with conflict monitoring and increase activation in an area associated with rules based 

decisions when subjects subsequently perform a decision task. However, contrary to 

expectation, depletion also seems to increase activation in an area of the brain associated 

with self-referential evaluation of preferences. 

The lack of increased decision bias and activation in the MPFC were not 

predicted. As mentioned earlier, the lack of increased bias could be a result of increased 

motivation by subjects in the scanner (Muraven and Slessareva 2003). If this explanation 

is true, a post hoc explanation for the increased MPFC activity could be that it is from 

subjects attempting to be more deliberate in their decision process. The best way to test 

this hypothesis would be to run a similar study with a depletion task that results in 

increased decision bias in the scanner (either by increasing the strength of the self-control 

task or by decreasing motivation). If this explanation is true, similar results would be 

found except that MPFC activity would decrease.  

The results in the DLPFC and ACC support the premise regarding regulatory 

depletion and decreased ability to monitor decision conflict. Increased activation in areas 

associated with rules-based decisions suggests higher reliance on the dominance cue 

provided by the decoy. The relative decrease of activity in areas associated with conflict 

monitoring suggests subjects are less able to recognize conflict between their prepotent 

response and a more deliberate response.  

 

Chapter Summary  

 This chapter empirically tested the hypotheses developed in Chapter IV. Study 

One replicated the behavioral results of prior attraction effect studies both in and outside 
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of an fMRI scanner. The main study documented brain activation in subjects while they 

chose between choice sets both with and without a decoy. Choices while decision sets 

were enriched with a decoy had decreased activation in the amygdala, MPFC, and right 

inferior parietal lobule and increased activation in the DLPFC and ACC. This suggests 

these decisions had relatively decreased processing associated with negative emotion, 

self-referential evaluation, and numerical processing and increased processing associated 

with the use of decision rules and conflict monitoring. A rival explanation was tested by 

examining brain activation patterns of “high heuristic processors” versus “low heuristic 

processors”. The brain activation results were similar in this alternative analysis. 

Combined, these findings support the premise that trade-off aversion generates the 

attraction effect in decision sets with a decoy option. 

 Study Two extended the results of the first study by demonstrating cognitive 

resources and behavior can be differentially affected by performance of a prior task. 

Specifically, results from the pretest in Study Two demonstrate that performance of a 

self-control task can affect subsequent decision tasks so that subjects have an increased 

decision bias. Results from the main experiment in Study Two demonstrate that 

performance of a self-control task diminishes activation in the ACC and increases 

activation in the DLPFC. Together, this demonstrates subjects had less activation in an 

area associated with conflict monitoring and more activation in an area associated with 

rules-based decisions. This supports the theory that performance of a self-control task 

diminished regulatory resources associated with conflict monitoring and that subjects 

relied more on rules-based decision processes in the subsequent choice task. 
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 The final chapter of the dissertation will summarize the theoretical arguments and 

empirical findings of the attraction effect and regulatory depletion studies. Theoretical, 

methodological, and managerial implications will be discussed. Finally, limitations of the 

studies and future research will be suggested. 
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6. Conclusions, Implications and Future Research 

 

 This chapter begins with a summary of the theoretical arguments contained in this 

dissertation. It will continue with theoretical, practical, and methodological contributions. 

The chapter concludes with limitations of the current research and potential directions for 

future research. 

 

6.1 Theoretical Arguments 

This dissertation combines theories from cognitive science, neuroscience, and 

decision making to generate and test empirical predictions. A 2 (internal/external) x 2 

(automatic/controlled) framework is described that can be used to link these areas of 

research. Decision making biases were then examined using this framework. 

Study One examined a well known bias in the marketing literature called “The 

Attraction Effect”. This bias occurs when a normatively irrelevant option (a decoy) 

changes the preferences for a set of options. This choice behavior violates both the IIA 

and regularity assumptions often proposed in the economics literature. Though 

documented over 20 years ago (Huber, Payne and Puto 1982) and studied many times 

since, no single explanation dominates the literature. This study explicitly tested several 

explanations including weight change, value change, loss aversion, value added 

explanations, and trade-off aversion. Based on evidence from prior work, hypotheses 

focused on the trade-off aversion explanation. It was argued that trade-off aversion would 

lead to an increase of externally focused processes (like dominance or justification) and a 

decrease in internally focused processes (such as considering feelings about the 



 115

alternatives) when a decoy was present in the choice set. Further, decisions with a decoy 

should have greater cognitive conflict as internally and externally focused processes 

conflict during the choice process. Finally, trade-off aversion predicts that decoys reduce 

negative emotion. Therefore, decisions with a decoy should have less negative emotion 

than decisions without a decoy. The findings from this study provide new insight about 

the mechanisms leading to the attraction effect. 

Study Two extended these findings by examining another kind of cognitive 

limitation, regulatory resource depletion. Studies have demonstrated reduced ability to 

exercise self-control after performance of a prior act of self-control. It was argued that 

performance of a self-control task would reduce conflict monitoring in a subsequent task. 

Further, it was argued that the decoy provides a perceptual cue (dominance) to make a 

decision. Combined, these arguments suggest reduced regulatory resources would lead to 

greater reliance on the perceptual cue which in turn would lead to a greater decision 

bias26. The findings from this study will provide new insight both about the mechanisms 

that lead to the attraction effect and the mechanisms of regulatory resource depletion by 

measuring brain activity after performance of a regulatory control task. 

 

6.2 Empirical Findings 

Two main studies provided support for the hypotheses, each supported by one 

pretest. The primary manipulation in Study One was availability of a decoy. Subjects in 

                                                 
26 It is important to note these two arguments are necessary for increased decision bias in the presence of a 
decoy. The prior act of self control diminished conflict monitoring which results in increased us of 
dominance (a rules-based process) because choice based on dominance is the prepotent response. 
Diminished regulatory resources could result in reduced us of rules-based processing if rules-based 
processing is not prepotent. 
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the pretest for this study first filled out an indifference level questionnaire seven to 

twenty days before coming to a computer lab to be tested. While in the computer lab, 

subjects chose between car, hotel, home maintenance, cruise, car repair, apartment, day 

care, retirement investments, house, health plan, education policy, or careers options. 

Each option was described with 2 attributes. Subjects in this pretest replicated prior 

attraction effect findings. A new group of subjects performed the same set of tasks while 

in a 3T scanner. Again, subjects demonstrated an increased choice of the target when a 

decoy was present. Further, two-item choice sets had more activation in the amygdala 

and MPFC and less activation in the DLPFC and ACC than three-item choice sets. This 

demonstrates increased activity in areas associated with negative emotion and self-

referential evaluation and decreased activity in areas associated with rules-based 

processing and conflict monitoring when subjects made decisions with two-items 

compared to decisions with a decoy enriched choice set. Theses results support trade-off 

aversion as the reason for the attraction effect. 

The primary manipulation in Study Two was a self-control task. Subjects 

performed four blocks of tasks. The second and fourth blocks were choice stimuli like 

Study One. The first and third blocks were either a self-control task or a similar task that 

did not require self-control. Subjects in the pretest performed the task in a computer lab. 

The choice results demonstrate an increased decision bias after subjects performed a self-

control task compared to subjects who did not perform a self-control task. A new group 

of subjects performed the same task while in the 3T scanner. In this study, subjects did 

not demonstrate an increased decision bias. Prior studies have demonstrated increased 

motivation can moderate the effects of regulatory depletion (Muraven and Slessareva 
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2003).  It seems increased motivation in the scanner may have moderated any behavioral 

results. However, brain activation results were more positive. Relative to choices after 

performing the control task, choices after regulatory depletion had more activation in the 

MPFC and right DLPFC and less activation in the ACC. The regulatory depletion task 

changed brain activity in a subsequent task so that there was less activation in an area 

associated with conflict monitoring and more activation in areas associated with self-

referential evaluation and rules-based decisions. This is, to date, the best evidence that 

self-control can decrease subjects’ ability to monitor response conflict in a subsequent 

decision task. 

 

6.3 Theoretical Contributions 

 Several mechanisms have been proposed to describe how irrelevant alternatives 

(such as decoys) generate an attraction effect. Most, like weight change, value change, 

and value added explanations (such as justification) are cognitively based decision 

processes. This dissertation supports an emotionally based explanation; that trade-offs 

between attributes generate negative emotion and that the dominance relationship in the 

decoy enriched choice set provides an alternative decision strategy. The decoy allows 

subjects to choose based on dominance which generates less negative emotion. Of the 

explanations, trade-off avoidance has, until now, perhaps the least support with only one 

study (Luce 1998) supporting it. But it is possible that until now, Luce (1998) was the 

only person to ask the right questions. Many prior studies could not have supported trade-

off aversion because they simply did not test the theory. 
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 This dissertation provides additional support for trade-off aversion that was not 

possible using the techniques in the prior studies. For instance, Luce (1998) assessed 

emotions retrospectively, while this study assessed cognitive functions prior to the choice 

itself without the need for the subject to be consciously aware of the process. This is 

important as retrospective accounts of cognitive processes during the choice may be 

clouded by factors after the decision such as regret or post-choice justification. 

 The decoy literature has tended to focus on asymmetrically dominated 

alternatives, but other decoys have been studied. Inferior (subjectively, but not strictly 

dominated alternatives), compromise (extreme alternatives), and phantom (unavailable 

alternatives) decoys have also been found to affect behavior. Few studies have tried to 

examine whether the decoys share a common mechanism (see Pettibone and Wedell 2000 

for an exception). This dissertation examined both asymmetric and inferior decoys in the 

same experimental setting. No significant differences in brain activation were observed. 

This suggests the cognitive process for asymmetric and inferior decoys may be 

qualitatively similar27. Further, this suggests a subjective dominance relationship is 

adequate for subjects to use a decision process based on dominance to avoid the negative 

emotion from considering the trade-off. But is a subjective dominance relationship 

necessary? Compromise and phantom decoys do not necessarily have a subjective 

dominance relationship to any of the alternatives. Other papers have suggested these 

decoys generate different processes. Shiv et al. (2005) have proposed that asymmetric 

decoys generate bias from automatic processes while compromise decoys generate bias 

from controlled processes. Hedgcock, Rao, and Chen (2009) have proposed phantom 
                                                 
27 Though this finding should be qualified as it is a null effect. A lack of statistically significant differences 
should not be interpreted too strongly. 
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decoys generate decision bias by changing attribute importance weights (Hedgcock, Rao, 

and Chen 2009). Future research could examine these possibilities. 

The mechanisms for regulatory resource depletion have only more recently been 

investigated. Some have suggested decreased attention or executive control capacity 

could explain the behaviors, but researchers have only recently begun to investigate a 

neuroscientific explanation for the phenomenon (Inzlicht and Gutsell 2007) and none 

have studied it while subjects performed a choice task. This dissertation links regulatory 

resource depletion with a loss of executive control capacity and more specifically with a 

diminished capacity to monitor response conflict. 

 Finally, results from this dissertation will likely improve understanding of the 

processes underlying consumer decision making through the adoption of an integrative 

framework that incorporates both automatic and controlled processes (Kahneman 2003, 

Chaiken and Trope 1999) and internally and externally focused processes (Lieberman 

2007). While automatic and controlled processing has received empirical scrutiny in 

behavioral research (Shiv & Fedorikhin 2002, Simonson 2005), no research has 

integrated internal and external focus with automatic and controlled processing to study 

consumer decision making. Further, there is currently a significant debate in the decision 

neuroscience literature with some researchers suggesting there is no neural evidence of 

separate systems (Sanfey and Chang 2008). This dissertation provides information to this 

central unresolved theoretical puzzle. The 2 x 2 framework adopted in this dissertation is 

used to predict the nature and extent of cerebral activation in decision sets with and 

without a decoy and after regulatory resource depletion. Results from Study One 

demonstrate, as predicted, that the relative amount of external processing increases while 
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internal processing decreases when a decoy is included in a choice set. This demonstrates 

separate systems can be predicted and identified. Study Two addresses the independence 

of these systems. Results from this study demonstrate prior performance of a self-control 

task diminishes the ability to monitor response conflict in a subsequent decision task. 

Importantly, the diminished capacity occurs disproportionately within the same conflict 

monitoring system and does not affect other areas equally. This suggests these systems 

may be at least partially independent. Combined, these studies demonstrate the utility of 

multiple systems theories in decision neuroscience research. 

 

6.4 Implications for Practice 

As stated earlier in this dissertation, normatively irrelevant alternatives affect all 

kinds of decisions ranging from toothpaste selection to health care decisions. Impaired 

self-control has been linked to issues such as inadequate retirement savings, drug use, and 

race bias. The research in this dissertation could help managers, consumers, and policy 

makers by improving their understanding about why decision biases occur in these 

common decision making situations.  

Earlier papers have suggested managers might provide out of stock or inferior 

alternatives to alter customer preferences (Huber, Payne and Puto 1982, Hedgcock, Rao, 

and Chen 2009). The findings in this dissertation suggest the change in behavior will be 

moderated by the amount of negative emotion generated by the trade-off and the amount 

of regulatory resources the consumer has. Conversely, consumers and policy makers 

might want to take steps to avoid situations that lead to biased decisions. People generally 

assume that more options and information are useful in important decision making 



 121

situations. For example, when considering between multiple health care options, most 

people would like to hear about every option available to them. However, one can 

imagine a significant amount of negative emotion is generated when considering a trade-

off between health care treatments that differ on cost and long term outcome. On the one 

hand, everyone would prefer a better long term outcome. On the other hand, payment for 

some treatments could bankrupt an entire family. Most would consider this trade-off 

difficult, if not morally repugnant. The findings in the dissertation suggest consumers 

might actually make better decisions if physicians first eliminated options that the patient 

would consider dominated by other options. 

 Trade-off avoidance as an explanation for the attraction effect has an additional 

implication. Since this explanation suggests decision makers use a dominance heuristic to 

avoid negative emotion, we might expect the size of the decision bias to be moderated by 

the availability of alternative strategies that avoid a trade-off evaluation. For instance, the 

2008 Democratic primaries and caucuses have provided voters with three strong 

candidates - Hillary Clinton, John Edwards, and Barack Obama. Each candidate has 

positive and negative attributes that could be relevant to their ability to lead the country. 

But while one candidate may dominate on experience and social policy, another 

candidate may dominate on foreign and monetary policy. As it is difficult to trade-off 

experience for monetary policy, one might expect a decoy candidate would influence the 

election. Prior research has shown decoys do in fact bias the choice of political 

candidates (Hedgcock, Rao, and Chen 2009), but the current research suggests the extent 

of the bias may be moderated by the availability of alternative decision strategies. Voters 

could decide to choose based on one or two dominant attributes (i.e. candidate’s home 
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state, race, gender, or position on a specific topic), based on who their friends are voting 

for, based on which candidate is currently winning, or could decide to not make a 

decision at all.  

 

6.5 Methodological Contributions 

 Neuroscientific techniques have previously been used in consumer research (see 

Rothchild et al. 1988 for an example using EEG), but they have so far received relatively 

little use in marketing compared to related disciplines such as psychology and economics. 

These other disciplines have successfully used fMRI to test hypotheses that combine 

cognitive neuroscientific theories with consumer research problem in such consumer 

research related issues as loss aversion in gambles (Tom et al. 2007) and preferences for 

soft drinks (McClure et al. 2004). In doing so, these researchers have been able to tap 

vast resources of research, methods and theory in multiple disciplines to advance 

consumer research forward. The studies in this dissertation demonstrated the benefits of 

using neuroscientific techniques and theories to examine the attraction effect and 

regulatory resource depletion. The ability to directly observe brain activity in these 

studies have complemented other more frequently used methods in marketing. It is hoped 

that the findings and the 2 x 2 cognitive neuroscience framework used in this dissertation 

provide a springboard for further research designed to improve the understanding of 

consumer decision making. 
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6.6 Limitations 

 There are two main sets of issues with this research. The first set of issues address 

the generalizability of findings to other situations and populations. The second set of 

issues address additional concerns with the use of brain imaging in consumer research. 

 It is always important to consider the applicability of research findings to different 

situations and populations. The research in this dissertation has many of the same issues 

of generalizability that any other laboratory experiment has. It is important to consider 

which population the subjects came from, kinds of tasks the subjects performed, and 

artificiality of the laboratory environment. Like many other consumer research studies, 

many of the subjects came from a university population. Caution should be taken when 

interpreting these findings beyond the given population. However, other studies have 

demonstrated the behavior with traditional and non-traditional university populations 

(Heath and Chatterjee 1995) and within a sample of grocery store shoppers (Doyle et al. 

1995). Similarly, while the stimuli in this study could not represent all possible trade-offs 

that consumers are asked to make, a variety of stimuli including cars, hotels, home 

maintenance, cruises, car repair, apartments, daycare, retirement investments, houses, 

health plans, education policy, and careers was used. Further, decisions required trade-

offs both between two quality attributes and between a quality and price attribute to 

maximize applicability to a wide variety of settings. The variety of stimuli and kinds of 

trade-offs used in this research at least reduce the criticism of generalizability outside of 

the specific stimuli used in the study. 

 The next set of issues is related to the interpretation of fMRI studies. Typical 

neuroscience studies correlate experimental stimuli or behavior with changes in the brain. 
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It is generally impossible to make a causal argument that brain activation resulted in a 

specific behavior. Further, while tempting, it is important to not over-interpret brain 

activation data. Experimental manipulations differ in many ways, sometimes in ways that 

are not obvious to the experimenter. The relative infancy of decision neuroscience 

research exacerbates this problem. Our understanding of brain function will certainly 

change significantly even in the next few years. Conversely, I feel it is important to not 

under-interpret the findings. While it is safer to make sterile statements that claim a set of 

stimuli were associated with brain activity differences (“forward inference”), this level of 

interpretation can minimize the importance of previous neuroscientific and non-

neuroscientific findings on the behavior just so the researchers can be safe from the over-

interpretation criticism. This level of interpretation is not uncommon, and has resulted in 

a frequent decision neuroscience criticism; that decision neuroscience has not produced a 

major interesting finding28. A middle ground of interpretation is possible. Decision 

neuroscientists can simultaneously interpret decision neuroscience findings as evidence 

of cognitive processes (“reverse inference”) with traditional decision making theories and 

findings. The combination of different methods and theories (often initially developed 

independently from each other) can at least reduce the issue of under-determination that 

is inherent in decision neuroscience research. This middle ground level of interpretation 

can balance the need for research applicability with a necessary level of objectivity in 

interpretation. It is my hope that this dissertation has correctly achieved this balance. 

 Functional MRI studies provide useful information about the location of brain 

activity during cognitive tasks, but the technology’s best time resolution is inferior to 

                                                 
28 Behavioral economist Richard Thaler cited in (Coy 2005). 
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other methods such as MEG and EEG. With a typical time resolution on the order of 1-2 

seconds, it is possible to analyze differences in brain activity prior to and after a decision 

using fMRI assuming the decision lasts several seconds. However, it is generally 

impossible to observe how brain activity progressed during the decision timeframe 

because interactions between areas of the brain occur at time resolutions of tens or 

hundreds of milliseconds. While this added time resolution is not necessary for some 

research questions, it may be necessary for others. This issue is address further in the next 

section. 

 Finally, when interpreting results from fMRI studies, it is important to guard 

against the “illusion of explanatory depth” (Rozenblit and Keil 2002). It is tempting to 

say fMRI measurements are somehow “real” measurements of cognitive function since 

they take measurements that are directly correlated to brain activity. But, as discussed 

above, fMRI does not measure every important aspect of cognitive function. Results from 

fMRI studies are useful simplifications of cognitive activity. They are no more “real” or 

true than other neuroscientific or non-neuroscientific measurements.   

 

6.7 Future Research 

 The research in this dissertation has relied significantly on brain activation data 

from fMRI. Future research could extend these findings using none imaging techniques. 

For instance, high scores on personality measures such as neuroticism could indicate 

subjects rely on internal processes more than subjects with low scores on neuroticism. It 

is possible subjects with high neuroticism scores would be less reliant on external cues 

such as dominance, meaning they would have a smaller decision bias than subjects with 
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low neuroticism scores. If true, this would support the theories in this paper using 

maximally different method. 

 An alternative set of future research could find behavioral evidence to support the 

theories in this paper. For instance, Study One suggests the ACC is more active in 

decisions with a decoy because of response conflict between internal and external 

processes. A direct measure or manipulation of response conflict could help support this 

claim. One direct measure would be to ask subjects how much conflict they felt during 

the decision. One manipulation could be to change either the attributes or attribute values 

to increase or decrease response conflict. Either measure could be used to see if conflict 

moderates the attraction effect. 

 Future research could also extend the findings in this dissertation by providing 

additional temporal information using complementary brain imaging techniques such as 

EEG or MEG. For example, results from Study One demonstrates subjects have less 

activity in areas associated with self-referential evaluation and more activity in areas 

associated with decision rules when a decoy is present in the choice set. But this 

difference could occur in at least two different ways. Subjects could examine all of the 

alternatives, decide they are roughly indifferent between two of the alternatives, then use 

a dominance heuristic to essentially break the tie. Alternatively, subjects could see the 

dominance relationship immediately at a perceptual level. In this case, subjects may not 

evaluate all of the alternatives equally because of a pre-decisional bias for the target 

based on the dominance relationship. These two explanations are indistinguishable using 

fMRI, but could be tested with EEG or MEG. Specifically, while both explanations 

suggest relatively more processing in the DLPFC when a decoy is present, the first case 
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would suggest this difference is most pronounced at late stages of the decision while the 

second case would suggest the difference is most pronounced at early stages of the 

decision. 

 A fourth way to extend the findings in this paper would be to use subjects with 

specific forms of brain damage or lesions. Patients with brain damage have diminished 

cognitive capabilities that are associated with the region of damage. Focal damage in 

areas around the amygdala, DLPFC, MPFC or ACC would offer superior causal evidence 

to the theories in this dissertation. Similar support could be found using transcranial 

magnetic stimulation (TMS) to temporarily suppress cognitive functioning in non-brain 

damaged subjects. 

 Finally, it would be interesting to extend this research by testing the theories in 

more applied settings such as health care and public policy decisions. Most of the 

decision making research reported in this dissertation was done in laboratories at 

universities using student subjects, but the findings have real world implications to 

patients and doctors making health care decisions and politicians and voters making 

public policy decisions. Studies could first demonstrate the importance of the attraction 

effect and regulatory depletion in these settings. Second, the studies could attempt to find 

conditions where the bias is decreased so that patients, doctors, politicians and voters 

could reduce decision bias. 

 

6.8 Conclusion 

Decision makers are not hyper-rational agents. They have limits to the cognitive 

capabilities that cause them to estimate probabilities inaccurately, dislike ambiguity, and 
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alter their behavior to avoid negative emotion and choose dominated alternatives. Other 

papers have proposed models to better fit actual consumer behavior. This dissertation is 

not one of them. Instead, this dissertation has focused on describing the cognitive process 

itself that leads to a specific decision bias, the attraction effect. The dissertation adopts a 

2 (internal/external) x 2 (automatic/controlled) cognitive neuroscientific framework to 

develop and test theories for why the attraction effect might occur and why regulatory 

depletion might exacerbate the bias. Brain activation data support the claim that trade-

offs generate negative emotion, and that the attraction effect occurs because of trade-off 

aversion. Additional data support the claim that regulatory resource depletion increases 

the bias because subjects are less able to monitor response conflict between two response 

tendencies. This dissertation contributes theoretically and methodologically to cognitive 

research in decision making and practically to understanding a cause of decision bias. 
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Appendix A – Neuroimaging Techniques 

 Brain imaging techniques have a history dating back to early physiology studies 

when scientists would study the physical structures of animal and human nervous 

systems. One early example was Broca, who published a paper in 1879 describing his 

research on the scalp temperature of medical students while they performed mental tasks. 

Another early brain researcher was Korbinian Brodmann. In 1909, Brodmann autopsied 

human brains and defined 52 regions based on physical characteristics of the regions. 

These definitions are still in use today. 

 

A.1 Electroencephalography (EEG)  

 Brodmann also receives special note in that he helped train Hans Berger. Hans 

Berger recorded the first EEG when he photographed the electrical activity of a human 

brain in 1924. Berger’s recording of human brain activation followed research by Richard 

Caton (1875) and others on electrical activation in animals. Prior animal studies involved 

collecting electrical activation directly from the animals’ exposed brain. Berger’s 

technique deserves special recognition because his method was less invasive, and 

therefore possible for human research. His initial studies used wires placed under the 

scalp of subjects. Later he switched to electrodes on the outside of the head.   

Early EEG studies utilized as few as 2 electrodes. Current EEG research 

commonly uses 64, 128, and even 256 electrodes to gain better spatial resolution. Subject 

movement (including eye movement and blinking) is limited and measured so that the 

electrical activation from the muscles can be removed from relatively smaller brain 

activation. EEG measures the actual spiking of neurons (Humphrey 1968). This 



 130

measurement has intuitive appeal for brain researchers who feel neuron spiking is the 

basic unit of cognition that should be measured. However, it should be noted that the 

electrical activation being picked up is from groups of neurons, not from individual 

neurons (as in the case of single cell recordings). 

 Standard statistical techniques can be used to analyze the data, except that the 

localization of the signal is more complex (Dale and Sereno 1993). Spatial resolution is 

poor relative to fMRI and PET, and areas of activation cannot always be uniquely 

identified (Dale and Halgren 2001, Gevins 1997). Electrodes are attached to the scalp, so 

activation is limited primarily to the cortex. Inner structures of the brain cannot be 

analyzed. Temporal resolution of the measurement is on the scale of milliseconds. This 

scale is fine enough to examine the interaction between multiple brain systems. 

 

A.2 Magnetoencephalography (MEG) 

Early work on MEG began in the late 1960s with studies of biomagnetism. The 

first superconducting quantum interference device (SQUID) was invented in 1969. This 

device gave researchers the ability to measure very small magnetic fields with relatively 

low noise. Early MEG studies focused on magnetic fields from body parts such as the 

heart. 

MEG measures the magnetic field created by electrical impulses in neurons. 

While one step removed from the electrical current from the neuron, many brain imaging 

researchers find this measurement appealing because of its relatively direct relationship 

to neural cognition (Hamalainen et al. 1993). Again, like EEG, it is important to note that 

this method actually measures magnetic signals from groups of neurons, not individual 
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neurons (Humphrey 1968). Spatial resolution and temporal resolution is comparable to 

EEG (Hamalainen et al. 1993). Some researchers claim they can locate brain activation 

deeper than EEG, but this claim is still not commonly accepted. Most accept that MEG is 

limited to studying cortical processes. 

 While we know MEG measures magnetic fields, it still isn’t entirely clear what 

this method tells us about brain activity. Magnetic signals in opposing directions may 

cancel out, and direction of activation is very important (Hamalainen et al. 1993). 

Analysis of brain activation using MEG and other methods still needs to be done before 

widespread use of this technique will occur. While superior to EEG in many respects, the 

strength of MEG research is similar to EEG, and the cost and difficulty of MEG are 

significantly larger (Gevins 1997). EEG has a long history of past research that is easier 

to build off of than the relatively sparse amount of published research in MEG. Finally, 

standardization of MEG technology has not reached a level comparable to the other 

techniques, which makes replication between facilities difficult. While MEG will almost 

certainly be a very useful tool in the future, it is still too early for most researchers 

interested in studying issues directly related marketing or economic phenomena.  

 

A.3 Positron Emission Tomography (PET)  

The first device to use positrons in brain imaging was created in 1950, and the 

first imaging results were reported in a 1953 report by Brownell and Sweet. Positron 

imaging techniques (including PET scanners) detect gamma rays that are created when 

positrons hit electrons. Twenty years after the first positron images were published, the 

first multiple detector, circular array was created and several more years after that for 
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glitches to get corrected so that accurate measurements could be made. In 1984, the first 

Block detector was created. A Block detector uses more that one crystal per 

photomultiplier which increases resolution and efficiency of imaging. Initial studies were 

limited to structural images. Later, researchers realized brain activation could be 

measured by adding radioactive tracers to molecules that would model metabolism or 

blood flow. Blood flow became the preferred measurement technique because it had 

higher signal to noise ratios in studies. Therefore, images from brain activation could be 

measured more quickly. 

 PET scans allowed researchers to study activation in areas of the brain that had 

previously been limited to studies on animals. While the most frequent used tracer (15-O) 

models blood flow, other molecules can be use to measure cognitive features such as 

brain metabolism of sugar or neurotransmitters such as serotonin or dopamine precursors. 

This capability is limited to PET.  

 PET allows measurement of deep structures that cannot be measured using EEG 

or MEG. Functional MRI also measures these structures, but fMRI currently has image 

artifacts, image distortions or loss of information, in areas near the sinuses and ear canals 

that are not problems with PET. PET spatial resolution is better than EEG or MEG, but is 

lower than fMRI. Temporal resolution of PET (and fMRI) is worse than EEG or MEG, so 

that interactions cannot be measured between brain mechanisms. In fact, PET temporal 

resolution is low enough that experimental designs are limited to block designs. 

 

 

 



 133

A 4. Magnetic Resonance Imagining (MRI) and functional MRI (fMRI)  

 Magnetic Resonance Imagining (MRI) uses radio frequencies and strong 

magnetic fields to measure magnetic resonance signals caused by protons. MRI can be 

used to get structural information (detailed tissue images) about the brain and other body 

parts. Functional MRI (fMRI) uses the same equipment as MRI, but the analysis is 

optimized to investigate brain activity. fMRI is a generic term used to describe all brain 

activation research techniques that use MRI, but it most often refers to blood oxygen 

level dependent (BOLD) studies. Other techniques include use of a contrast agent, 

spectroscopy, and diffusion tensor imaging (DTI). 

Initial fMRI studies investigated blood flow in the brain. Fox and Raichle (1986) 

reported that MRI techniques could also be sensitive to oxygen consumption. In 1992, 

Ogawa et al. published results that proved MRI could be used to detect difference in the 

blood oxygen level. Wide application of these techniques began in 1995 (Cabeza and 

Kingston 2001).  

When neurons use oxygen, the blood immediately around the neuron is 

deoxygenated. The body responds by pumping fresh blood into this area. This is called 

the hemodynamic response. Oxygenated and deoxygenated blood have different magnetic 

properties. BOLD techniques are particularly sensitive to these differences. 

Some research still looks at blood flow, but most studies use BOLD. The hemodynamic 

response lasts 10-15 seconds, but fMRI can have temporal resolution under 1 s (Menon et 

al. 1998), while PET is limited to the half life of the radioactive tracer and must average 

over longer periods of time.  
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 The primary differences in MRI scanners are the bore size (size of opening) and 

strength of magnets. Some scanners are used for animal studies because the bore is too 

small for humans. Scanners that are large enough for humans are either whole body 

scanners where people lie on a table in the scanner, or head only scanners where the body 

is almost entirely outside of the scanner. The strength of MRI magnets is measured in 

teslas (T). One tesla is 20,000 times stronger than the magnetic field of the earth. Clinical 

scanners today often have strengths around 1.5 T. Most fMRI studies of higher level 

cognition are done on scanners with strengths of 3T, although some studies have moved 

to 4T, 7T, even 9.4T. Higher magnetic field strengths may give researchers more signal 

to noise, higher resolution, and faster scans. However, higher field strengths create image 

distortions in areas of the brain such as the VMPFC and orbital frontal cortex. These 

problems are currently large enough that imaging at these strengths is limited to 

neuroscientists and people interested in activation in other parts of the brain (such as 

visual areas).  

A.4.1 Other fMRI Techniques: 

Contrast agents like iron oxide can be used to measure blood flow in the brain or other 

parts of the body.  

Spectroscopy is used to measure chemicals within the body. Protons in molecules have 

different resonance depending on the structure of the molecule.  This technique is 

particularly useful for detecting certain kinds of diseases and tumors. 

Diffusion tensor imaging (DTI) - measures connections between areas of the brain. 

Areas where water flow is restricted (such as along an axon) create signals that can be 
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measured. These signals can map out connections between structures in the brain so that 

researchers can better understand how the areas interact. 
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Appendix B: Indifference Survey  
 
 
 
ID ______________ 
 
 
 
 
Thank you for taking the time to participate in this survey.  Your participation will be of 
great value in helping us understand how consumers make decisions.   
 
On the next few pages, you will be asked many questions. In each question, you must 
make an evaluation of two options.  Here is a sample question: 
 

Suppose you had to choose between two offerings of a College Class.  One class 
had a better instructor. What would the quality of materials have to be in the other 
class to make the two equally attractive? Both instructor quality and materials 
quality are rated on a 1-100 scale where 1= very poor and 100 = outstanding. 
 
College Class 

 Quality of Instructor Quality of Materials 
Option #1 70 80 
Option #2 80 _____ 

 
 

We are interested in your judgment about what score will make these classes 
equally attractive.  For instance, you might enter 65 as a value that makes you 
equally interested in either section since the instructor for section #2 is better than 
the instructor in section #1. 

 
 
Please enter an answer for every question.
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Car options: 
 Ride Quality Lease 
Option #1 45 $364 
Option #2 61 $______ 

• Ride quality is on a scale of 1 (lowest) to 100 (highest). 
• Lease is monthly payments including taxes. 

 
 
Hotel options: 

 Years Since Last Remodel Rate 
Option #1 5 $67 
Option #2 2 $______ 

• Years since last remodel measures the time since rooms were updated.  Least time is 
1 year, most time is 15 years. 

• Price is cost per night. 
 

 
Home Maintenance options: 

 Environmental Impact Work Time 
Option #1 Moderately High 10 hrs/week 
Option #2 Moderately Low _____hrs/week 

• Environmental impact measures the impact of your maintenance to a nearby state 
park. 

• Work time is the number of hours per week you will spend working to complete the 
repair during the summer. 

 
 
Cruise options: 

 Incidence of Disease Shore Excursions 
Option #1 170 per 1,000 9 
Option #2 148 per 1,000 _____ 

• Incidence of disease counts the number of passengers (per thousand) that come down 
with flu-like symptoms. 

• Shore excursions counts the number of options for entertainment during the cruise 
(least options is 3, most options is 24). 

 
 
Car Repair options: 

 Odds of Breakdown Cost 
Option #1 39/1,000 $520 
Option #2 28/1,000 $______ 

• Odds of breakdown are based on reports to a consumer website of major breakdowns 
soon after a visit to this mechanic. 

• Cost is amount paid for repair including tax. 
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Apartment options: 
 Building Safety Commute 
Option #1 84 7 minutes 
Option #2 95 _____minutes 

• Building safety is a scale of 1(bad) to 100(excellent) scored by real estate 
professionals considering factors such as the neighborhood, alarm systems, lighting, 
entry way security, etc. 

• Commute is the amount of time you will spend before arriving to school or work. 
 

Day Care options: 
 Experience Cost 
Option #1 8 $216 
Option #2 11 $______ 

• Experience is the average number of years experience workers have doing daycare.  
Average for the industry is 7 years. 

• Cost is the payments per week of day care. 
 

 
Retirement Investment options: 

 Quality of Service Fees 
Option #1 43 $258 
Option #2 49 $______ 

• Quality of service measures your ability to reach someone to get information either 
via the web, phone, or in person.  The worst score for a broker is 40 while 90 is 
exceptional. 

• Fees are the cost per year to have the account. 
 

 
House options: 

 Crime Rate Cost 
Option #1 15 per 1,000 $620 
Option #2 7 per 1,000 $______ 

• Crime rate is a count of moderate to severe physical violence per 1,000 residents. 
• Cost is the monthly mortgage payments. 

 
 
Health Plan options: 

 Maximum Coverage Copay 
Option #1 $0.5 million $50 
Option #2 $1 million $______ 

• Maximum Coverage is the total amount medical payments that will be paid during 
your lifetime.  The minimum required by law is $500,000 while the maximum any 
company offers is $5 million. 

• Copays are your out-of-pocket costs per visit. 
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Education Policy options: 
 Money for Special Needs Taxes 
Option #1 $6,000/student $45 
Option #2 $7,500/student $______ 

• Money for special needs is the additional money per pupil spent on populations that 
need special assistance (physical and/or mental impairments).  Average spending 
generally ranges from $2000 to $5000. 

• Taxes are the cost per taxpayer per year. 
 

Career options: 
 Job Security Commute 
Option #1 15% 4 minutes 
Option #2 6% _____minutes 

• Job security is the percentage of people who lose their job in a similar career during 
the first 6 months of employment. 

• Commute is the amount of time you will spend before arriving to work. 
 

 
Day Care options: 

 Experience Cost 
Option #1 2 $498 
Option #2 4 $______ 

• Experience is the average number of years experience workers have doing daycare.  
Average for the industry is 7 years. 

• Cost is the payments per week of day care. 
 

 
Retirement Investment options: 

 Security Quality of Service 
Option #1 $600,000 89 
Option #2 $750,000 _____ 

• Security is the worth your investment is guaranteed to have by age 65.  The guarantee 
is provided by an independent insurance company. 

• Quality of service measures your ability to reach someone to get information either 
via the web, phone, or in person.  The worst score for a broker is 40 while 90 is 
exceptional. 

 
 
House options: 

 Crime Rate Cost 
Option #1 110 per 1,000 $1,080 
Option #2 92 per 1,000 $______ 

• Crime rate is a count of moderate to severe physical violence per 1,000 residents. 
• Cost is the monthly mortgage payments. 
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Hotel options: 
 Years Since Last Remodel Rate 
Option #1 14 $187 
Option #2 9 $______ 

• Years since last remodel measures the time since rooms were updated.  Least time is 
1 year, most time is 15 years. 

• Price is cost per night. 
 

 
Cruise options: 

 Incidence of Disease Price 
Option #1 20 per 1,000 $462 
Option #2 12 per 1,000 $______ 

• Incidence of disease counts the number of passengers (per thousand) that come down 
with flu-like symptoms. 

• Price is the cost of the cruise per person. 
 

 
Education Policy options: 

 Money for Special Needs Taxes 
Option #1 $500/student $470 
Option #2 $800/student $______ 

• Money for special needs is the additional money per pupil spent on populations that 
need special assistance (physical and/or mental impairments).  Average spending 
generally ranges from $2000 to $5000. 

• Taxes are the cost per taxpayer per year. 
 

 
Apartment options: 

 Building Safety Commute 
Option #1 24 50 minutes 
Option #2 36 _____minutes 

• Building safety is a scale of 1(bad) to 100(excellent) scored by real estate 
professionals considering factors such as the neighborhood, alarm systems, lighting, 
entry way security, etc. 

• Commute is the amount of time you will spend before arriving to school or work. 
 

 
Car Repair options: 

 Distance Cost 
Option #1 25 minutes $123 
Option #2 14 minutes $______ 

• Distances measures the time to travel from the repair shop to your home. 
• Cost is amount paid for repair including tax. 
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Car options: 
 Crash Ranking Ride Quality 
Option #1 Moderate injury 92 
Option #2 Little injury _____ 

• Crash rankings are done by the Insurance Federation of America to measure injury 
to adult passengers during a side, front, or rear crash at 35 MPH. 

• Ride quality is on a scale of 1 (lowest) to 100 (highest). 
 

 
Career options: 

 Job Security Commute 
Option #1 85% 41 minutes 
Option #2 68% _____minutes 

• Job security is the percentage of people who lose their job in a similar career during 
the first 6 months of employment. 

• Commute is the amount of time you will spend before arriving to work. 
 

 
Home Maintenance options: 

 Environmental Impact Cost 
Option #1 Moderately Low $63 
Option #2 Very Low $______ 

• Environmental impact measures the impact of your maintenance to a nearby state 
park. 

• Costs are the monthly expenses for the repairs (it will take 6 months). 
 

 
Health Plan options: 

 Participating Doctors Copay 
Option #1 80% $5 
Option #2 94% $______ 

• Participating doctors is the percent of doctors in your area that are part of the health 
care plan. 

• Copays are your out-of-pocket costs per visit. 
 

 
Apartment options: 

 Building Safety Rent 
Option #1 84 $380 
Option #2 95 $______ 

• Building safety is a scale of 1(bad) to 100(excellent) scored by real estate 
professionals considering factors such as the neighborhood, alarm systems, lighting, 
entry way security, etc. 

• Rent is cost per month including utilities. 
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Hotel options: 

 Safety of Beach Years Since Last 
Remodel 

Option #1 5/1,000,000 2 
Option #2 2/1,000,000 _____ 

• Beach safety is recorded by the Tourism Bureau which records death or serious 
injury per 1,000,000 swimmers. 

• Years since last remodel measures the time since rooms were updated.  Least time is 
1 year, most time is 15 years. 

 
 
Home Maintenance options: 

 Environmental Impact Cost 
Option #1 Moderately High $286 
Option #2 Moderately Low $______ 

• Environmental impact measures the impact of your maintenance to a nearby state 
park. 

• Costs are the monthly expenses for the repairs (it will take 6 months). 
 

 
Car Repair options: 

 Distance Cost 
Option #1 48 minutes $520 
Option #2 32 minutes $______ 

• Distances measures the time to travel from the repair shop to your home. 
• Cost is amount paid for repair including tax. 

 
Career options: 

 Job Security Salary 
Option #1 15% $53,183 
Option #2 6% $______ 

• Job security is the percentage of people who lose their job in a similar career during 
the first 6 months of employment. 

• Salary is amount of pay per year. 
 

Day Care options: 
 Security Experience 
Option #1 87 11 
Option #2 95 _____ 

• Security ranks day cares on a scale of 1 (bad) to 100 (excellent).  Factors include 
door locks, fences, parent sign-outs, state certification, and web observation. 

• Experience is the average number of years experience workers have doing daycare.  
Average for the industry is 7 years. 
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House options: 
 Number of bedrooms Cost 
Option #1 4 $620 
Option #2 5 $______ 

• Number of bedrooms - the smallest house in the area has 1 while the largest has 5. 
• Cost is the monthly mortgage payments. 

 
 
Retirement Investment options: 

 Security Quality of Service 
Option #1 $100,000 49 
Option #2 $220,000 _____ 

• Security is the worth your investment is guaranteed to have by age 65.  The guarantee 
is provided by an independent insurance company. 

• Quality of service measures your ability to reach someone to get information either 
via the web, phone, or in person.  The worst score for a broker is 40 while 90 is 
exceptional. 

 
 
Cruise options: 

 Incidence of Disease Price 
Option #1 170 per 1,000 $1,604 
Option #2 148 per 1,000 $______ 

• Incidence of disease counts the number of passengers (per thousand) that come down 
with flu-like symptoms. 

• Price is the cost of the cruise per person. 
 

 
Health Plan options: 

 Participating Doctors Copay 
Option #1 23% $50 
Option #2 37% $______ 

• Participating doctors is the percent of doctors in your area that are part of the health 
care plan. 

• Copays are your out-of-pocket costs per visit. 
 

 
Car options: 

 Crash Ranking Ride Quality 
Option #1 Extreme trauma 61 
Option #2 Moderate injury _____ 

• Crash rankings are done by the Insurance Federation of America to measure injury 
to adult passengers during a side, front, or rear crash at 35 MPH. 

• Ride quality is on a scale of 1 (lowest) to 100 (highest). 
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Education Policy options: 
 Students per class Taxes 
Option #1 19 $45 
Option #2 16 $______ 

• Students per class measures the number of students in the average classroom. 
• Taxes are the cost per taxpayer per year. 

 
 
Cruise options: 

 Shore Excursions Price 
Option #1 16 $462 
Option #2 23 $______ 

• Shore excursions counts the number of options for entertainment during the cruise 
(least options is 3, most options is 24). 

• Price is the cost of the cruise per person. 
 

 
Health Plan options: 

 Maximum Coverage Participating Doctors 
Option #1 $3 million 94% 
Option #2 $4.5 million _____% 

• Maximum Coverage is the total amount medical payments that will be paid during 
your lifetime.  The minimum required by law is $500,000 while the maximum any 
company offers is $5 million. 

• Participating doctors is the percent of doctors in your area that are part of the health 
care plan. 

 
 
Education Policy options: 

 Students per class Taxes 
Option #1 38 $470 
Option #2 32 $______ 

• Students per class measures the number of students in the average classroom. 
• Taxes are the cost per taxpayer per year. 

 
 
Car Repair options: 

 Odds of Breakdown Distance 
Option #1 7/1,000 14 minutes 
Option #2 2/1,000 _____minutes 

• Odds of breakdown are based on reports to a consumer website of major breakdowns 
soon after a visit to this mechanic. 

• Distances measures the time to travel from the repair shop to your home. 
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Retirement Investment options: 
 Security Fees 
Option #1 $600,000 $30 
Option #2 $750,000 $______ 

• Security is the worth your investment is guaranteed to have by age 65.  The guarantee 
is provided by an independent insurance company. 

• Fees are the cost per year to have the account. 
 

House options: 
 Number of bedrooms Cost 
Option #1 1 $1,080 
Option #2 2 $______ 

• Number of bedrooms - the smallest house in the area has 1 while the largest has 5. 
• Cost is the monthly mortgage payments. 

 
 
Apartment options: 

 Building Safety Rent 
Option #1 24 $780 
Option #2 36 $______ 

• Building safety is a scale of 1(bad) to 100(excellent) scored by real estate 
professionals considering factors such as the neighborhood, alarm systems, lighting, 
entry way security, etc. 

• Rent is cost per month including utilities. 
 

Hotel options: 
 Safety of Beach Years Since Last 

Remodel 
Option #1 225/1,000,000 9 
Option #2 180/1,000,000 _____ 

• Beach safety is recorded by the Tourism Bureau which records death or serious 
injury per 1,000,000 swimmers. 

• Years since last remodel measures the time since rooms were updated.  Least time is 
1 year, most time is 15 years. 

 
 
Day Care options: 

 Security Experience 
Option #1 41 4 
Option #2 48 _____ 

• Security ranks day cares on a scale of 1 (bad) to 100 (excellent).  Factors include 
door locks, fences, parent sign-outs, state certification, and web observation. 

• Experience is the average number of years experience workers have doing daycare.  
Average for the industry is 7 years. 
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Career options: 
 Job Security Salary 
Option #1 85% $25,110 
Option #2 68% $______ 

• Job security is the percentage of people who lose their job in a similar career during 
the first 6 months of employment. 

• Salary is amount of pay per year. 
 

 
Car options: 

 Crash Ranking Lease 
Option #1 Moderate injury $237 
Option #2 Little injury $______ 

• Crash rankings are done by the Insurance Federation of America to measure injury 
to adult passengers during a side, front, or rear crash at 35 MPH. 

• Lease is monthly payments including taxes. 
 

 
Home Maintenance options: 

 Work Time Cost 
Option #1 5 hrs/week $63 
Option #2 2 hrs/week $______ 

• Work time is the number of hours per week you will spend working to complete the 
repair during the summer. 

• Costs are the monthly expenses for the repairs (it will take 6 months). 
 

 
Cruise options: 

 Shore Excursions Price 
Option #1 5 $1,604 
Option #2 9 $______ 

• Shore excursions counts the number of options for entertainment during the cruise 
(least options is 3, most options is 24). 

• Price is the cost of the cruise per person. 
 

 
House options: 

 Crime Rate Number of bedrooms 
Option #1 15 per 1,000 5 
Option #2 7 per 1,000 _____ 

• Crime rate is a count of moderate to severe physical violence per 1,000 residents. 
• Number of bedrooms - the smallest house in the area has 1 while the largest has 5. 
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Car Repair options: 

 Odds of Breakdown Distance 
Option #1 39/1,000 32 minutes 
Option #2 28/1,000 _____minutes 

• Odds of breakdown are based on reports to a consumer website of major breakdowns 
soon after a visit to this mechanic. 

• Distances measures the time to travel from the repair shop to your home. 
 

 
Day Care options: 

 Security Cost 
Option #1 87 $216 
Option #2 95 $______ 

• Security ranks day cares on a scale of 1 (bad) to 100 (excellent).  Factors include 
door locks, fences, parent sign-outs, state certification, and web observation. 

• Cost is the payments per week of day care. 
 

 
Retirement Investment options: 

 Security Fees 
Option #1 $100,000 $258 
Option #2 $220,000 $______ 

• Security is the worth your investment is guaranteed to have by age 65.  The guarantee 
is provided by an independent insurance company. 

• Fees are the cost per year to have the account. 
 

 
Career options: 

 Commute Salary 
Option #1 12 minutes $53,183 
Option #2 4 minutes $______ 

• Commute is the amount of time you will spend before arriving to work. 
• Salary is amount of pay per year. 

 
 
Home Maintenance options: 

 Work Time Cost 
Option #1 15 hrs/week $286 
Option #2 10 hrs/week $______ 

• Work time is the number of hours per week you will spend working to complete the 
repair during the summer. 

• Costs are the monthly expenses for the repairs (it will take 6 months). 
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Hotel options: 

 Safety of Beach Rate 
Option #1 5/1,000,000 $67 
Option #2 2/1,000,000 $______ 

• Beach safety is recorded by the Tourism Bureau which records death or serious 
injury per 1,000,000 swimmers. 

• Price is cost per night. 
 

 
Health Plan options: 

 Maximum Coverage Participating Doctors 
Option #1 $0.5 million 37% 
Option #2 $1 million _____% 

• Maximum Coverage is the total amount medical payments that will be paid during 
your lifetime.  The minimum required by law is $500,000 while the maximum any 
company offers is $5 million. 

• Participating doctors is the percent of doctors in your area that are part of the health 
care plan. 

 
Apartment options: 

 Commute Rent 
Option #1 14 minutes $380 
Option #2 7 minutes $______ 

• Commute is the amount of time you will spend before arriving to school or work. 
• Rent is cost per month including utilities. 

 
 
Car options: 

 Crash Ranking Lease 
Option #1 Extreme trauma $364 
Option #2 Moderate injury $______ 

• Crash rankings are done by the Insurance Federation of America to measure injury 
to adult passengers during a side, front, or rear crash at 35 MPH. 

• Lease is monthly payments including taxes. 
 

Education Policy options: 
 Money for Special Needs Students per class 
Option #1 $6,000/student 16 
Option #2 $7,500/student _____ 

• Money for special needs is the additional money per pupil spent on populations that 
need special assistance (physical and/or mental impairments).  Average spending 
generally ranges from $2000 to $5000. 

• Students per class measures the number of students in the average classroom. 
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Home Maintenance options: 
 Environmental Impact Work Time 
Option #1 Moderately Low 2 hrs/week 
Option #2 Very Low _____hrs/week 

• Environmental impact measures the impact of your maintenance to a nearby state 
park. 

• Work time is the number of hours per week you will spend working to complete the 
repair during the summer. 

 
 
Apartment options: 

 Commute Rent 
Option #1 60 minutes $780 
Option #2 50 minutes $______ 

• Commute is the amount of time you will spend before arriving to school or work. 
• Rent is cost per month including utilities. 

 
 
Health Plan options: 

 Maximum Coverage Copay 
Option #1 $3 million $5 
Option #2 $4.5 million $______ 

• Maximum Coverage is the total amount medical payments that will be paid during 
your lifetime.  The minimum required by law is $500,000 while the maximum any 
company offers is $5 million. 

• Copays are your out-of-pocket costs per visit. 
 

 
House options: 

 Crime Rate Number of bedrooms 
Option #1 110 per 1,000 2 
Option #2 92 per 1,000 _____ 

• Crime rate is a count of moderate to severe physical violence per 1,000 residents. 
• Number of bedrooms - the smallest house in the area has 1 while the largest has 5. 

 
 
Retirement Investment options: 

 Quality of Service Fees 
Option #1 78 $30 
Option #2 89 $______ 

• Quality of service measures your ability to reach someone to get information either 
via the web, phone, or in person.  The worst score for a broker is 40 while 90 is 
exceptional. 

• Fees are the cost per year to have the account. 
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Career options: 
 Commute Salary 
Option #1 52 minutes $25,110 
Option #2 41 minutes $______ 

• Commute is the amount of time you will spend before arriving to work. 
• Salary is amount of pay per year. 

 
 
Education Policy options: 

 Money for Special Needs Students per class 
Option #1 $500/student 32 
Option #2 $800/student _____ 

• Money for special needs is the additional money per pupil spent on populations that 
need special assistance (physical and/or mental impairments).  Average spending 
generally ranges from $2000 to $5000. 

• Students per class measures the number of students in the average classroom. 
 

 
Cruise options: 

 Incidence of Disease Shore Excursions 
Option #1 20 per 1,000 23 
Option #2 12 per 1,000 _____ 

• Incidence of disease counts the number of passengers (per thousand) that come down 
with flu-like symptoms. 

• Shore excursions counts the number of options for entertainment during the cruise 
(least options is 3, most options is 24). 

 
 
Day Care options: 

 Security Cost 
Option #1 41 $498 
Option #2 48 $______ 

• Security ranks day cares on a scale of 1 (bad) to 100 (excellent).  Factors include 
door locks, fences, parent sign-outs, state certification, and web observation. 

• Cost is the payments per week of day care. 
 

 
Car options: 

 Ride Quality Lease 
Option #1 80 $237 
Option #2 92 $______ 

• Ride quality is on a scale of 1 (lowest) to 100 (highest). 
• Lease is monthly payments including taxes. 
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Hotel options: 

 Safety of Beach Rate 
Option #1 225/1,000,000 $187 
Option #2 180/1,000,000 $______ 

• Beach safety is recorded by the Tourism Bureau which records death or serious 
injury per 1,000,000 swimmers. 

• Price is cost per night. 
 

 
Car Repair options: 

 Odds of Breakdown Cost 
Option #1 7/1,000 $123 
Option #2 2/1,000 $______ 

• Odds of breakdown are based on reports to a consumer website of major breakdowns 
soon after a visit to this mechanic. 

• Cost is amount paid for repair including tax. 
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Please indicate your preferences in the use of hands in the following activities by putting 
a check in the appropriate column. Where the preference is so strong that you would 
never try to use the other hand, unless absolutely forced to, put 2 checks. If you are really 
indifferent, put a check in both columns. 
 
Some of the activities listed below require the use of both hands. In these cases the part of 
the task, or object, for which hand preference is wanted is indicated in brackets. 
 
Please try to answer all of the questions, and only leave a blank if you have no experience 
at all with the object or task. 
 
 
 Left Right 
1. Writing    
2. Drawing   
3. Throwing    
4. Scissors   
5. Toothbrush   
6. Knife (without fork)   
7. Spoon   
8. Broom (upper hand)   
9. Striking Match (match)   
10. Opening box (lid)   
 
 
 
 
 
 
 
 
 
Thank you for taking the time to complete this survey.  The decision tasks can be very 
difficult for people to consistently answer correctly. 
 
Please go back over your answers to verify that you would be indifferent about receiving 
either option.  In other words, you may like or dislike both options, but you should like or 
dislike them equally.  Feel free to adjust your answers to make sure you are indifferent.    
You are welcome to change the original values if you would like. 
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Appendix C – Brain Structure Primer 

 Neuroscientific research tells us that areas of the brain specialize in certain kinds 

of cognitive functions, and that many of these areas are common between people. These 

facts are necessary for brain imaging research to hold any value for decision making 

research. Specialization makes it possible to examine brain activation data in relation to a 

known stimulus and infer a cognitive function. Commonality of brain structures between 

people means that results can be generalized.  

While no two brains are identical, multiple naming conventions have been 

developed to identify locations in the brain so that comparisons can be made between 

subjects and between studies. Several will be described here. The first defines the lobes 

of the brain.  

The human brain has four lobes: frontal, parietal, occipital and temporal. The 

frontal lobe is involved in higher order cognitive functions. This includes problem 

solving (Ramachandran 1998), selective attention (Posner and Peterson 1990), and 

personality (as we saw in the case of Phineas Gage) (Damasio 1996). The parietal lobe is 

involved in motor control (Desmurget 1999), written and spoken language (Cohen et al. 

2000), and sensations (Mesulam 1998). The occipital lobe is involved in vision (Grill-

Spector et al. 2001). The temporal lobe is involved in memory (Squire and Zola-Morgan 

1991) and smell (Anderson et al. 2003). 
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If we slice through the brain, we can see several other structures. The diagram 

above shows the three views of a brain: sagittal (SAG), coronal (COR) and transverse 

(TRA). Several structures that are discussed in the next sections are labeled.  

The cerebral cortex is the outer layer of the brain. This area is implicated in 

“higher order” thinking such as reasoning (Damasio 1996). The prefrontal cortex 
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(labeled) is associated with integrating information from several other areas of the brain 

(Gray et al. 2002). Other functions include so-called “executive functions” such as 

decision making (Bechara et al. 1998), planning (Dagher et al. 1999), and response 

inhibition (MacDonald et al. 2000).  Other areas of the cortex are often referred to by 

relative location: 

• ventro (ventral) - bottom or inner 

• dorso (dorsal) - top or outer 

• medial or mesial - middle 

• lateral - sides  

For instance, the ventromedial prefrontal cortex (VMPFC) is located in the middle and 

bottom section of the prefrontal cortex. The dorsal striatum is the top part of the striatum.  

The term “limbic system” is often used to refer to multiple structures including 

the amygdala, hippocampus, hypothalamus, thalamus, and cingulate gyrus. It is located 

towards the middle of the brain. This area is generally implicated in emotion and memory 

(Damasio 1996). The amygdala processes conscious and unconscious fear responses 

(Whalen et al. 2001). The hypothalamus regulates body temperature, emotion and 

circadian rhythms29 (Lu et al. 2001). The thalamus receives sensory information and 

forwards the information to the cortex (Bushnell and Duncan 1989). The hippocampus is 

involved in learning and memory (Eichenbaum et al. 1999). The cingulate gyrus has been 

implicated in emotional responses (Bush et al. 2000).  

                                                 
29 Circadian rhythms are body regulation functions that are on approximately 24 hour (daily) cycles. 
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The autonomic nervous system includes the brain stem and spinal cord. They are 

respectively involved in basic bodily functions such as breathing and heart rate regulation 

as well as unconscious monitoring of bodily processes.  

The term “basal ganglia” refers to a group of structures in the middle of the brain 

near the brain stem. They include the striatum, globus pallidus, subthalamic nucleus, and 

substantia nigra. The striatum can be further divided into the putamen, caudate nucleus, 

and nucleus accumbens. Broadly speaking, the system is involved in motor and learning 

skills (Graybiel 1994). Specific structures such as the striatum and substantia nigra have 

also been implicated in reward processing and choice (Knutson 2001). 

One additional way areas of the brain are defined is “Brodmann Areas” (BA). 

Brodmann (1909) autopsied human brains and defined 52 regions based on physical 

characteristics of the regions. Brodmann areas are often used when reporting brain 

imaging data as they are well defined and can sometimes refer to more precise areas of 

the cortex. Brodmann areas overlap with the classifications that have already been 

described. Unfortunately, no one classification system has been developed and accepted 

in brain imaging research. Therefore, the following chart of Brodmann’s classifications 

will be useful to locate areas described in some neuroeconomics papers.  
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Appendix D: Situations and Attributes for Study 1 

Block Situation Attribute 1 Attribute 2 
Attribute 
Values 

1 Car Ride Quality Lease Low 

1 Hotel 
Years Since Last 
Remodel Rate High 

1 Home Maintenance Environmental Impact Work Time Low 
1 Cruise Incidence of Disease Shore Excursions Low 
1 Car Repair Odds of Breakdown Cost Low 
1 Apartment Building Safety Commute High 
1 Day Care Experience Cost High 
1 Retirement Investment Quality of Service Fees Low 
1 House Crime Rate Cost High 
1 Health Plan Maximum Coverage Copay Low 
1 Education Policy Money for Special Needs Taxes High 
1 Career Job Security Commute High 
2 Day Care Experience Cost Low 
2 Retirement Investment Security Quality of Service High 
2 House Crime Rate Cost Low 

2 Hotel 
Years Since Last 
Remodel Rate Low 

2 Cruise Incidence of Disease Price High 
2 Education Policy Money for Special Needs Taxes Low 
2 Apartment Building Safety Commute Low 
2 Car Repair Distance Cost High 
2 Car Crash Ranking Ride Quality High 
2 Career Job Security Commute Low 
2 Home Maintenance Environmental Impact Cost High 
2 Health Plan Participating Doctors Copay High 
3 Apartment Building Safety Rent High 

3 Hotel Safety of Beach 
Years Since Last 
Remodel High 

3 Home Maintenance Environmental Impact Cost Low 
3 Car Repair Distance Cost Low 
3 Career Job Security Salary High 
3 Day Care Security Experience High 
3 House Number of bedrooms Cost High 
3 Retirement Investment Security Quality of Service Low 
3 Cruise Incidence of Disease Price Low 
3 Health Plan Participating Doctors Copay Low 
3 Car Crash Ranking Ride Quality Low 
3 Education Policy Students per class Taxes High 
4 Cruise Shore Excursions Price High 

4 Health Plan Maximum Coverage 
Participating 
Doctors High 

4 Education Policy Students per class Taxes Low 
4 Car Repair Odds of Breakdown Distance High 
4 Retirement Investment Security Fees High 
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4 House Number of bedrooms Cost Low 
4 Apartment Building Safety Rent Low 

4 Hotel Safety of Beach 
Years Since Last 
Remodel Low 

4 Day Care Security Experience Low 
4 Career Job Security Salary Low 
4 Car Crash Ranking Lease High 
4 Home Maintenance Work Time Cost High 
5 Cruise Shore Excursions Price Low 

5 House Crime Rate 
Number of 
bedrooms High 

5 Car Repair Odds of Breakdown Distance Low 
5 Day Care Security Cost High 
5 Retirement Investment Security Fees Low 
5 Career Commute Salary High 
5 Home Maintenance Work Time Cost Low 
5 Hotel Safety of Beach Rate High 

5 Health Plan Maximum Coverage 
Participating 
Doctors Low 

5 Apartment Commute Rent High 
5 Car Crash Ranking Lease Low 
5 Education Policy Money for Special Needs Students per class High 
6 Home Maintenance Environmental Impact Work Time High 
6 Apartment Commute Rent Low 
6 Health Plan Maximum Coverage Copay High 

6 House Crime Rate 
Number of 
bedrooms Low 

6 Retirement Investment Quality of Service Fees High 
6 Career Commute Salary Low 
6 Education Policy Money for Special Needs Students per class Low 
6 Cruise Incidence of Disease Shore Excursions High 
6 Day Care Security Cost Low 
6 Car Ride Quality Lease High 
6 Hotel Safety of Beach Rate Low 
6 Car Repair Odds of Breakdown Cost High 
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Appendix E: Technical Details – Attraction Effect 
 
Equipment. The fMRI phase of the study employed a 3 Tesla, Siemens Trio whole body 

scanner with a standard CP head coil. Functional scans used a relatively standard scan 

sequence (T2* weighted EPI sequence, voxels = 35 3mm2x2mm slices with a 0.7mm skip 

between slices, TR = 2000ms) obtained in the axial plane. Some of the regions of interest 

are located in the ventral prefrontal cortex, a region susceptible to measurement error 

because of the presence of cranial sinuses. The 2mm slice thickness and slice angle help 

minimize these problems. Structural scans for each subject were performed using a T1-

weighted MPRAGE sequence (voxels = 1mm3). 

Subjects answered choice questions while lying on their back. Stimuli were 

projected on a screen outside of the scanner that subjects could see using a mirror that 

was placed just over their eyes. Subjects responded with their right hand using the first 

three numbers on a key pad. Total time in the scanner including preparation, instructions, 

and task time was 75 minutes. 

Analyses. Image analyses and preprocessing were performed using BrainVoyager QX 

1.8. Functional scans were preprocessed using the following steps: three-dimensional 

motion correction, slice scan time correction, spatial smoothing, and temporal data 

smoothing. No subject had greater than one voxel movement in any direction. Spatial 

smoothing was performed using a 4-mm full-width, half maximum Gaussian kernel. 

Temporal smoothing used a high-pass filter (cutoff frequency = 3 cycles per functional 

run) to remove low-frequency drift or oscillations. Subjects’ anatomical images were 

normalized to the Talairach and Tournoux (1988) brain template. Functional volumes 

were then standardized using the transformation parameters from the anatomical images. 
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The first five volumes of each functional scan were discarded to minimize problems with 

T1 saturation effects. 

Changes in the BOLD contrast associated with performance of each part of the 

decision task were assessed for each voxel using the general linear model (GLM) in 

Brainvoyager QX. Unique predictors were created for each part of the decision task: task 

description (TaskDesc), choice description (Choice), post-choice grey screen (Post), and 

fixation (fix). Choice description and post-choice screens were further subdivided 

between choice sets that included an asymmetric decoy (Asym), inferior decoy (Inf), or 

no decoy (No) and coded based on the ultimate choice of the target (T) or choice of the 

other options (C) for asymmetric and inferior decoy choices, or choice of the option that 

dominated on the first attribute (1) or dominated on the second attribute (2) for non-decoy 

choices. This resulted in 14 predictors (TaskDesc, ChoiceAsymT, ChoiceAsymC, 

ChoiceInfT, ChoiceInfC, ChoiceNo1, ChoiceNo2, PostAsymT, PostAsymC, PostInfT, 

PostInfC, PostNo1, PostNo2, Fix). The onset of each predictor was convolved with a two 

gamma hemodynamic response function to identify voxels with blood flow that 

correlated with the predictors. The GLM was corrected for temporal serial correlation 

using AR(1) modeling. 

Analysis continued using a second-level random effects ANOVA to contrast 

decoy decisions (ChoiceAsymT, ChoiceAsymC, ChoiceInfT, ChoiceInfC) with trade-off 

decisions (ChoiceNo1, ChoiceNo2). The results of this contrast are displayed in Figures 

10 and 11. Voxels in these figures exceeded the probability threshold of p < 0.000117 

(uncorrected, which corresponded to a false discovery rate (FDR) < 0.001). Regions of 

interest (Tables 7 and 11) were reported if they had 50 or more contiguous voxels.  
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------------------- 

Insert Tables 7 and 11 about here 

------------------- 

Analysis of the high versus low heuristic processors contrast used the same first 

level GLM described above. Regions in this contrast were defined using a mask from the 

first decoy versus trade-off analysis. In other words, “DLPFC” in analysis 1 was defined 

as a particular set of voxels, so active voxels in analysis 2 only counted if they were in 

the same region. This assured that defined regions were identical in both analyses and 

helped increase statistical significance. Yoon et al. (2006) use a similar masking 

procedure though they use pre-defined anatomical regions. 

A second level random effects analysis contrasting high versus low heuristic 

processors was not significant at acceptable probability levels30. This is not surprising as 

this contrast is a between subjects analysis which has less sensitivity to activation 

differences because of the low degrees of freedom and high inter-subject variability. We 

then performed a fixed-effects analysis which increased the degrees of freedom, though 

the use of a fixed effects analysis limits our ability to generalize the result of this contrast 

to the population (Friston et al. 1999).  

The fixed effects analysis contrasted decoy decisions (ChoiceAsymT, 

ChoiceAsymC, ChoiceInfT, ChoiceInfC) in high versus low heuristic processors. 

Regions of interest were reported if they had 50 or more contiguous voxels that exceeded 

the probability threshold of p < 0.000774 (uncorrected, which corresponded to an FDR < 

0.001). 
                                                 
30 This contrast did yield differences in the predicted direction for the primary regions of interest 
(amygdala, DLPFC, MPFC, ACC, and right inferior parietal lobule) at p < 0.08 (uncorrected).  
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Appendix F: Technical Details – Depletion 

 
 Many technical aspects of this study are similar to the earlier study. However, 

details about the functional scan sequence and analysis are different. For sake of clarity, 

the technical details of this study are described separately and in their entirety. 

Equipment. The fMRI phase of the study employed a 3 Tesla, Siemens Trio whole body 

scanner with a standard CP head coil. Functional scans used a relatively standard scan 

sequence (T2* weighted EPI sequence, voxels = 35 3.5mm2x2.5mm slices with a 1.0mm 

skip between slices, TR = 2000ms) obtained in the axial plane. Some of the regions of 

interest are located in the ventral prefrontal cortex, a region susceptible to measurement 

error because of the presence of cranial sinuses. The 2.5mm slice thickness and slice 

angle help minimize these problems. Structural scans for each subject were performed 

using a T1-weighted MPRAGE sequence (voxels = 1mm3). 

Subjects answered choice questions while lying on their back. Stimuli were 

projected on a screen outside of the scanner that subjects could see using a mirror that 

was placed just over their eyes. Subjects responded with their right hand using the first 

three numbers on a key pad. Total time in the scanner including preparation, instructions, 

and task time was 65 minutes. 

Analyses. Image analyses and preprocessing were performed using BrainVoyager QX 

1.9. Functional scans were preprocessed using the following steps: three-dimensional 

motion correction, slice scan time correction, spatial smoothing, and temporal data 

smoothing. No subject had greater than one voxel movement in any direction. Spatial 

smoothing was performed using a 4-mm full-width, half maximum Gaussian kernel. 
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Temporal smoothing used a high-pass filter (cutoff frequency = 3 cycles per functional 

run) to remove low-frequency drift or oscillations. Subjects’ anatomical images were 

normalized to the Talairach and Tournoux (1988) brain template. Functional volumes 

were then standardized using the transformation parameters from the anatomical images. 

The first three volumes of each functional scan were discarded to minimize problems 

with T1 saturation effects. 

Changes in the BOLD contrast associated with performance of each part of the 

decision task were assessed for each voxel using the general linear model (GLM) in 

Brainvoyager QX. Unique predictors were created for each part of the decision task: long 

fixation (Fix1), short fixation (Fix2), choice description (Desc), choice (Choice), 

instructions (Instruct), and attention task (Attn). The choice, description, and attention 

tasks were further defined based on whether they occurred during the manipulation where 

depletion was hypothesized to occur (D) or when there was no depletion manipulation 

(N). This lead to a total of 9 predictors (Fix1, Fix2, DescD, DescN, ChoiceD, ChoiceN, 

Instruct, AttnD, AttnN) with Fix1 defined as the baseline condition. The onset of each 

predictor was convolved with a two gamma hemodynamic response function to identify 

voxels with blood flow that correlated with the predictors.  

Analysis continued using a second-level random effects ANOVA to contrast 

choices after depletion (ChoiceD) with choices after no depletion manipulation 

(ChoiceN). Two groups were defined. Group 1 included subjects who performed the 

depletion manipulation in the first study. Group 2 included subjects who performed the 

depletion manipulation in the second study. There were no statistically significant 

differences between these groups. Regions in the contrast between ChoiceD and ChoiceN 
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were defined using a mask of ROIs from the first decoy versus trade-off analysis 

including all voxels in the DLPFC, MPFC, ACC, right inferior parietal lobule and 

amygdala. In other words, “DLPFC” in analysis 1 was defined as a particular set of 

voxels, so active voxels in this study only counted if they were in the same region. This 

assured that defined regions were identical in both analyses and helped increase statistical 

significance. Statistical significance was determined using a cluster-level statistical 

threshold estimator. In the first stage, a voxel level significance threshold was set at t = 

1.96 (p < 0.05 uncorrected). Then Monte Carlo simulation was used to estimate cluster 

level false positive rates. This estimator generated a minimum cluster size of 13 for a 

false-positive rate of 0.05. The results of this contrast are displayed in Figure 13. Voxels 

in these figures exceeded the probability threshold of p < 0.05. Regions of interest were 

reported if they had 13 or more contiguous voxels.  
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FIGURE 8 

DESIGN FOR PILOT STUDY 

Crime Rate    Cost

1)    7 per 1,000  $700
2)  15 per 1,000 $620
3)  15 per 1,000 $634

Press "1", "2" or "3".

Crime Rate    Cost

1)    7 per 1,000  $700
2)  15 per 1,000 $620
3)  15 per 1,000 $634

Press "1", "2" or "3".

Asymmetric Decoy No Decoy Inferior Decoy

Crime Rate    Cost

1)    7 per 1,000  $700
2)  15 per 1,000 $620
3)         na na

Press "1", "2" or "3".

Crime Rate    Cost

1)    7 per 1,000  $700
2)  15 per 1,000 $620
3)         na na

Press "1", "2" or "3".

Crime Rate    Cost

1)    7 per 1,000  $700
2)  15 per 1,000 $620
3)  25 per 1,000 $605

Press "1", "2" or "3".

Crime Rate    Cost

1)    7 per 1,000  $700
2)  15 per 1,000 $620
3)  25 per 1,000 $605

Press "1", "2" or "3".
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+ 
 

Description - 15 s 

Choice - Up to 28 s 

2 s 

(28 – choice) s 

House options will be described with 2 
attributes: 

- Crime rate is a count of moderate to severe 
physical violence per 1,000 residents. 

- Cost is the monthly mortgage payments. 
All other attributes are identical. 

      Crime Rate    Cost
 
1)    7 per 1,000   $700 
2)  15 per 1,000  $620 
3)  15 per 1,000  $634 
 
                Press "1", "2" or "3". 

FIGURE 9 

STIMULI EXPOSURE PROCEDURE: STUDY I 
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FIGURE 10 

RESULTS: Contrast Decoy vs. No Decoy – MPFC, DLPFC and ACC Activation 

 

   

Figure 10. Medial prefrontal cortex (MPFC), dorsolateral prefrontal cortex (DLPFC), 
and anterior cingulate cortex (ACC) activity associated with decision making with a 
decoy versus without a decoy. (a) MPFC (in blue/green) is less active when decision sets 
include a decoy alternative; DLPFC (in orange/yellow) is more active when decision sets 
include a decoy alternative. (b) ACC (center screen in orange/yellow) is more active 
when decision sets include a decoy alternative.   
 
 
 
 
  

(4a) (4b) 
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FIGURE 11 

RESULTS: Contrast Decoy vs. No Decoy – Amygdala and Right Inferior Parietal Lobule 
Activation 

 
 
 

   
 
Figure 11. Amygdala and right inferior parietal lobule activity associated with decision 
making with a decoy versus without a decoy. (a) Amygdala (in blue/green) is less active 
when decision sets include a decoy alternative. (b) Right inferior parietal lobule (in 
blue/green) is less active when decision sets include a decoy alternative. 
 

(5a) (5b) 
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clock

+

clock

FIGURE 12 – Self Control Task
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 FIGURE 13 

RESULTS: Contrast Choices after depletion vs. choice after no depletion – MPFC, 

DLPFC and ACC Activation 

 

 
 
  

Figure 13. Medial prefrontal cortex (MPFC), dorsolateral prefrontal cortex (DLPFC), 
and anterior cingulate cortex (ACC) activity associated with decision making after 
depletion versus after a control task. (a) MPFC (in blue/green) is less active when 
decision sets include a decoy alternative; DLPFC (in orange/yellow) is more active when 
decision sets include a decoy alternative. (b) ACC (center screen in orange/yellow) is 
more active when decision sets include a decoy alternative.   
 
 

(6a) 
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Table 3: Summary of Select Neuroeconomic Studies 

Contextual factor /  
Citation 

Description of task Brain Areas 
“Emotion” 

Brain Areas 
“Executive” 

Risk 
(Shiv et al. 2005) 

Patients with brain damage and 
control subjects with no brain 
damage make decisions on risky 
investments. 

Subjects with lesions to emotional 
areas including the amygdala and 
VMPFC earn more money than 
controls. 

 

Ambiguity 
(Smith et al. 2002) 

Subjects choose between known 
or unknown risky choices. 
Adaptation of the Ellsberg 
Paradox where subjects do not 
find out outcome of choice. 

Ambiguity preferentially uses the 
ventromedial cortical systems. 

Risk preferentially uses 
the dorsomedial 
cortical systems. 

Cooperation 
(Sanfey et al. 2003) 

Subjects receive “fair” or 
“unfair” offers in the Ultimatum 
Game. 

Unfair offers increase activity in 
the ACC (conflict) and insula 
(disgust). 

Unfair offers increase 
activity in the DLPFC 
(used to execute rules 
of the game). 

Trust-Reputation 
(King-Casas et al. 2005) 

Subjects learn trust/reputation in 
a multi-round trust game where 
one subject proposes a split of 
money and the second chooses 
to accept or reject the offer. 

Caudate Nucleus activity increases 
as better offers are made. 
Activation shifts earlier in rounds 
suggesting the development of 
expectations (reputation). 

 

Intertemporal choice 
(McClure et al. 2004b) 

Subjects make choices between 
temporally near and far options. 

Immediate choices activate the 
limbic system. 

All choices activate 
lateral prefrontal and 
posterior parietal 
cortex. 

Framing 
(De Martino et al. 2006) 

Subjects choose between a risky 
and certain gamble in gain and 
loss frames. 

Amygdala activation when 
subjects chose risk averse options 
in gain frames and risk seeking 
options in loss frames. 

ACC activation 
interpreted as conflict 
when subjects selected 
options counter to 
prospect theory. 
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Table 4: Framework Quadrants 

 

    DESCRIPTIONS    
        
   Internal  External 
    Affective/feelings   Non-affective 
    Homeostasis based   Stimulus based 
    Implicit   Explicit 
Controlled   I   II 
 Effortful   Memory of emotions   Memory of facts 
 Slow   Person trait evaluations   Brand trait evaluation 

 Intentional   

Preferences for 
ambiguous gambles 

(where expected value 
cannot be calculated)   

Preferences for risky 
gambles (where 

expected value can be 
calculated) 

 Fast Learning      

Working Memory of 
Task Relevant 

Information 

 
Unaffected by subliminal 
stimuli      

        
Automatic   III   IV 

 Effortless   
Maintenance of body 

function   Object Recognition 

 Fast   
Basic Reward 

Processing    
 Spontaneous   Emotions - fear/disgust    

 Slow Learning   
Emotional aspects of 

race bias    

 
Affected by subliminal 
stimuli   

Conflict detection - 
internal control   

Conflict detection - 
external control 
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  Table 5: Framework Neurological Structures 

 

    NEUROLOGICAL STRUCTURES  
        
   Internal  External 
    Affective/feelings   Non-affective 
    Homeostasis based   Stimulus based 
    Implicit   Explicit 
Controlled    I   II 

 Effortful       

DLPFC - working 
memory – task relevant 

information 

 Slow    
MPFC- integrate emotion 

in decisions   

Left inferior prefrontal 
sulcus – brand 

evaluations 

 Intentional       
Intraparietal Sulcus – 

calculations 
 Fast Learning        

 
Unaffected by 
subliminal stimuli        

         
         
Automatic    III   IV 

 Effortless    
Brain Stem/hypothalamus 

– Homeostasis   Occipital/ Visual Areas 
 Fast    Striatum – reward    
 Spontaneous    Amygdala – fear    
 Slow Learning    Insula – disgust    

 
Affected by subliminal 
stimuli    VMPFC - reward learning    

     Dorsal ACC – conflict   Rostral ACC – conflict 
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Table 6: Neurological Predictions  
 
 

Process Changes Neural Activation

Internal External Internal External Conflict

Primary Predictions

Single Process
Weight Shift ↑ - - - - ↑ MPFC
Value Shift ↑ - - - - ↑ MPFC

Multiple Process
Loss Aversion ↑ - - - - ↑ MPFC
Value Added ↓ ↑ - - ↑ ↑ DLPFC/ACC ↓ MPFC
Tradeoff Avoidance ↓ ↑ ↓ - ↑ ↑ DLPFC/ACC  ↓ MPFC/Amygdala or Insula

Controlled Automatic
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TABLE 7 – Significant Activation (ROIs) - Decoy 
 
 
 

Regions of interest showing significant differences in BOLD activation for Decoy - 
No Decoy in the choice task (n = 16, random effect, p < .00012, q(FDR) < .001) 

 

Regions with significant increases in BOLD activation for contrast of Decoy - No Decoy

Location
Hemi-
sphere

Brodmann 
Area x y z

Significant 
Voxels

Average 
t-Stat

Anterior Cingulate/Medial Frontal Gyrus 24/6/32 1.9 13 44 12792 5.08
DLPFC: Middle/Inferior Frontal Gyrus R 9/46 40 18 20 23817 4.77
DLPFC: Inferior/Middle Frontal Gyrus L 10/46 -40 43 6.8 3625 4.7

DLPFC: Precentral Gyrus/Middle Frontal Gyrus L 6/9 -42 5.9 31 6577 4.37  
 
 
Regions with significant decreases in BOLD activation for contrast of Decoy - No Decoy

Location
Hemi-
sphere

Brodmann 
Area x y z

Significant 
Voxels

Average 
t-Stat

Amygdala L -20 -7.8 -16 51 -4.11
Amygdala R 24 -8.3 -16 1894 -4.22

MPFC/Rostral Anterior Cingulate R/L 10/25/32 -0.69 30 -0.05 14339 -4.55
Inferior Parietal Lobule/Superior Temporal Gyrus R 40/22 56 -36 20 7377 -4.6  

 
 
Note: All x, y and z coordinates refer to Talairach coordinates. 
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TABLE 10 - Significant Activation - Depletion 
 

Complete list of regions showing significant differences in BOLD activation for 
Depleted Choices – Not Depleted Choices (n = 16, random effect, p < .05, false 

positive rate = 0.05) 
 

Regions with significant increases in BOLD activation for contrast of Depleted Choices - Not Depleted Choices

Location
Hemi-
sphere

Brodmann 
Area x y z

Significant 
Voxels

Average  
t-Stat

MPFC / Anterior Cingulate 10/25/32 0.48 30 -0.27 6036 2.95
DLPFC: Inferior Frontal Gyrus Right 9 44 4.6 20 405 2.42
DLPFC: Middle Frontal Gyrus Right 10 40 45 17 465 2.69

Amygdala Right 25 -7.3 -16 841 3.33

Regions with significant decreases in BOLD activation for contrast of Depleted Choices - Not Depleted Choices

Location
Hemi-
sphere

Brodmann 
Area x y z

Significant 
Voxels

Average  
t-Stat

Anterior Cingulate: Cingulate Gyrus 32 8.3 19 35 608 -2.82
Premotor Area: Superior Frontal Gyrus 6 0.19 14 52 2100 -2.70

DLPFC: Inferior Frontal Gyrus Right 9 47 3.3 32 505 -2.56
Precentral Gyrus Right 9 39 11 40 561 -2.43  

 

Note: All x, y and z coordinates refer to Talairach coordinates. 
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TABLE 11 – Significant Activation (Complete) - Decoy 

 
 
 

Complete list of regions showing significant differences in BOLD activation for 
Decoy - No Decoy in the choice task (n = 16, random effect, p < .00012, q(FDR) < 

.001) 
 
 
Regions with significant increases in BOLD activation for contrast of Decoy - No Decoy

Location
Hemi-
sphere

Brodmann 
Area x y z

Significant 
Voxels

Average 
t-Stat

Anterior Cingulate/Medial Frontal Gyrus 24/6/32 1.9 13 44 12792 5.08
DLPFC: Middle/Inferior Frontal Gyrus R 9/46 40 18 20 23817 4.77
DLPFC: Inferior/Middle Frontal Gyrus L 10/46 -40 43 6.8 3625 4.7

DLPFC: Precentral Gyrus/Middle Frontal Gyrus L 6/9 -42 5.9 31 6577 4.37
Insula/Claustrum L -31 12 5.2 3090 4.96

Cerebellum/Middle Occipital Gyrus/Fusiform Gyrus R 18/19/37 36 -68 -14 18669 4.81
Cerebellum/Middle Occipital Gyrus/Fusiform Gyrus L 18/19/37 -31 -75 -16 19316 4.65

Middle Frontal Gyrus L 6 -27 -7.4 47 125 4.54
Thalamus-Ventral Lateral Nucleus R/L 0.17 -15 3 23327 4.54

Thalamus R 22 -30 -0.08 1279 4.31
Cerebellum R/L 0.14 -70 -29 4758 4.29
Cerebellum R/L 0.51 -51 -33 1139 4.19  

 
Regions with significant decreases in BOLD activation for contrast of Decoy - No Decoy

Location
Hemi-
sphere

Brodmann 
Area x y z

Significant 
Voxels

Average 
t-Stat

Amygdala L -20 -7.8 -16 51 -4.11
Amygdala R 24 -8.3 -16 1894 -4.22

MPFC/Rostral Anterior Cingulate R/L 10/25/32 -0.69 30 -0.05 14339 -4.55
Inferior Parietal Lobule/Superior Temporal Gyrus R 40/22 56 -36 20 7377 -4.6

Middle Temporal Gyrus R 22 49 -38 2.2 468 -4.06
Parahippocampal Gyrus L -24 -13 -15 635 -4.1
Inferior Temporal Gyrus L 21 -57 -6.3 -13 808 -4.1

Temporal Lobe R 21 42 -6.4 -10 712 -4.11
Parahippocampal Gyrus L 36 -24 -40 -10 728 -4.15

Superior Temporal Gyrus L 38 -51 14 -20 129 -4.16
Cingulate Gyrus R/L 24 -1.5 -18 40 106 -4.19

Middle Temporal Gyrus/Precentral Gyrus R 21/44 56 -5.9 -6.4 5576 -4.19
Insula L 13 -42 -5.7 -5.8 1359 -4.19

Superior Temporal Gyrus L 13 -58 -42 18 3014 -4.2
Posterior Cingulate L 30 -8.5 -61 16 1682 -4.31

Middle Temporal Gyrus L 21 -55 -21 -5.5 597 -4.32  
 

 
Note: All x, y and z coordinates refer to Talairach coordinates. 
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