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FUZZY-TRACE THEORY AND RISKY CHOICE FRAMING: AN INDIVIDUAL 

DIFFERENCES APPROACH 

 

Jonathan Charles Corbin, Ph. D.  

Cornell University 2015 

 

The three chapters in this dissertation discuss and test fuzzy-trace theory’s account of risky-

choice framing effects.  This account predicts that risky-choice framing effects occur because of 

reliance on meaningful, categorical gist representations as opposed to rote, verbatim 

representations.  The second chapter reviews fuzzy-trace theory’s account of decision making 

from a developmental and memory perspective.  This chapter covers the main principles of 

fuzzy-trace theory, including independent verbatim and gist representations, the development of 

these memory processes, task calibration, and the fuzzy-processing preference.  This chapter also 

presents evidence that supports increasing reliance on gist with expertise, by covering work that 

demonstrated larger framing effects among intelligence agents as compared to college students.  

Finally, the chapter makes theoretical and empirical connections between the role of gist in 

framing and its role in false memory.  The third chapter tests mechanisms hypothesized to 

underlie within-subject risky-choice framing effects.  Within-subject framing effects occur when 

an individual demonstrates a preference reversal across both gain and loss frames.  This chapter 

examines the role of the goal of cognitive consistency in framing, discovering that activation of 

this goal encourages subjects to remain more consistent with the initially presented frame.  

Second, this chapter shows that higher numeracy predicts smaller within-subject framing 
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whereas higher categorical gist thinking predicts larger framing effects, despite the fact that both 

measures correlate positively with each other.  Finally, we show how true and false memory 

relate to within-subject framing, with acceptance of targets (representing individual differences 

in verbatim processing) supporting resistance to framing and false memory (representing 

individual differences in gist-based “false” memory) supporting larger framing effects.  The 

fourth chapter compares traditional dual-process theories’ predictions to those of fuzzy-trace 

theory regarding the roles of decision confidence and memory for numerical problem 

information in predicting between-subject framing effects.  Whereas traditional dual-process 

theories predict that framing effects occur because of reliance on fast, associative processes, 

fuzzy-trace theory predicts —and results confirm–- that framing effects are due to meaningful 

gist-based intuition.       
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CHAPTER 1 

Introduction 

Research on judgment and decision making has brought forth substantial evidence that 

humans systematically violate axioms of rationality (Kahneman, 2003).  One such violation 

occurs when individuals reverse their preferences based on superficial changes in presentation 

format.  For example, when faced with a choice between a sure thing and a risk (of equal 

expected value) presented in terms of gains, most people tend to prefer a sure thing.  In contrast, 

when presented with the same decision framed in terms of losses, the majority of people prefer 

the risky option. This violation of descriptive invariance is referred to as the risky-choice 

framing effect (Tversky & Kahneman, 1981). 

The studies in this dissertation make use of both experimental and individual-differences 

approaches in order to test fuzzy-trace theory’s predictions regarding mechanisms underlying 

risky-choice framing effects (Reyna, 2012).  Fuzzy-trace theory is a dual-process theory of 

memory and cognition that accounts for variations in risky decision making with two 

independent memory processes – verbatim and gist (Reyna & Brainerd, 2011).  Verbatim 

memory is precise, rote, fades quickly, and is easily disrupted by interference.  Verbatim 

memory develops with age, but generally peaks around young adulthood (Reyna, 2011; see 

Figure 2).  Gist memory is semantic, long-lasting, and robust to interference.  Gist memory also 

develops with age, and although it begins at a slower rate compared to verbatim memory, 

reliance on it eventually surpasses reliance on verbatim memory in early adulthood.  Evidence 

for this developmental shift can be found in multiple tasks of memory and reasoning (Corbin, 

Wilhelms, Reyna, & Brainerd, 2012; Reyna, Wilhelms, McCormick, & Weldon, 2015).  In 

memory, this shift can be seen in developmental increases in reliance on semantic false memory 
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(Brainerd, Reyna, & Zember, 2011) and, in decision making, on semantic gist representations of 

risky options (Reyna & Farley, 2006).  

Fuzzy-trace theory predicts that framing effects occur because individuals rely on a 

categorical some-none comparison between options (Reyna, 2012).  For example, imagine 600 

lives are at risk and you must choose between two options.  In the first option, 200 lives will be 

saved for sure and in the second there is a 1/3 chance that 600 lives will be saved and a 2/3 

chance that 0 lives will be saved.  A categorical gist representation of this decision would consist 

of some lives being saved for sure in the first option versus the possibility of saving some lives 

or no lives being saved in the second.  (Some versus none is the most basic categorical 

distinction among quantities in this problem.)  This representation should lead to a preference for 

saving some over none.  Alternatively, if the same decision is framed in terms of losses (400 die 

for sure versus a 2/3 chance 600 die and a 1/3 chance 0 die), the categorical gist representation of 

this problem will be some dying versus a chance that some dies or no one dies.  This 

representation leads to a preference for the second option because none die is preferable to some 

dying.  The presence of the zero in the risky option is crucial for these categorical contrasts.  

Whereas a categorical gist representation may be simpler than a precise verbatim representation, 

this gist allows for a meaningful distinction between options whereas a precise representation 

does not (given that the options are mathematically equivalent in terms of expected value).  

In Chapter 2, we review evidence supporting fuzzy-trace theory’s developmental 

predictions regarding individuals’ reliance on gist versus verbatim representations in judgment 

and decision making.  This chapter discusses fundamental principles of fuzzy-trace theory, such 

as the fact that individuals encode multiple independent memory representations of a stimulus 

simultaneously, ranging from very detailed, concrete representations (i.e., verbatim 



 
 
 

   3 

representations) to qualitative representations, which are meaningful (i.e., gist representations; 

Reyna, 2012).  We discuss how individuals tend to calibrate the level of specificity of their 

mental representation to match the demands of the task.  Furthermore, we discuss the roles of 

monitoring and inhibition as a separate process from verbatim and gist processing, and how this 

accounts for results that standard or traditional dual processes – which conflate monitoring, 

inhibition, and deliberation (Evans & Stanovich, 2013) - cannot. 

This chapter covers data that demonstrate an increase in framing bias with age and 

expertise (Reyna, Chick, Corbin, & Hsia, 2014).  The increase in bias is not easily accounted for 

by standard dual processes that consider intuition to be a primitive form of processing and place 

deliberation at the pinnacle of cognition (Evans & Stanovich, 2013; Kahneman & Frederick, 

2002).  In contrast, fuzzy-trace theory predicted this increase, due to the increased reliance on 

gist with age and expertise (Reyna & Ellis, 1994).  This chapter further discusses how the 

increase in susceptibility to this bias serves as a protective factor with regard to decisions that 

involve catastrophic risk – supporting the hypothesis that gist-based intuition is advanced.  

Finally, the research reported in this chapter makes theoretical and empirical connections 

between the roles of gist in false memory and risky decision making. 

Chapter 3 examines the mechanisms underlying within-subject framing effects, which 

occur when an individual reverses preferences when presented with both gain and loss frames.  

According to fuzzy-trace theory, a within-subjects framing design creates the opportunity for an 

individual to recognize the equivalency between the precise numerical values in each frame 

(Corbin, Liberali, Reyna, & Brust-Renck, 2015; Reyna, 2012).  This experiment measures 

individual differences in numeracy and true memory, which serve as verbatim measures – 

indicating likelihood of noticing the equivalence between frames.  The study also measures 
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individual differences in categorical thinking –one’s tendency to rely on categorical gist 

representations (e.g., some lives saved versus no lives saved; Reyna, Nelson, Han, & 

Dieckmann, 2009), as well as individual differences in performance on a false memory task 

(representing another measure of gist processing).   

In addition to the individual differences approach, Chapter 3 also takes an experimental 

approach to examining the role of the goal of cognitive consistency in within-subjects risky-

choice framing.  The goal of cognitive consistency is defined as the desire to maintain coherence 

between one’s beliefs (Russo, 2015).  We therefore test whether activation of this goal increases 

one’s likelihood of detecting the conflict between inconsistent intuitive responses to each frame, 

or if goal activation simply leads one to maintain overall more consistent preferences with the 

initially presented frame (without increased awareness of the conflict between frames).  We rely 

on a priming method, which frustrates the goal, leading to higher levels of goal activation in 

subsequent tasks (in this case the framing task; Chaxel & Russo, 2015; Russo, Carlson, Meloy, 

& Yong, 2008).  

In Chapter 4 we pit standard dual process theory predictions against fuzzy-trace theory 

predictions regarding the fundamental mechanisms underlying between-subjects framing effects.  

Specifically, we give subjects a standard risky-choice framing problem, then measure their 

decision confidence as well as the accuracy of their memory for the numeric amounts provided 

in the framing problem.  According to standard dual process theories, there is a conflict between 

intuitive and analytic responses to risky-choice framing problems.  These theories posit that only 

through inhibiting one’s intuitive response, and relying on deliberation can one avoid framing 

effects.  These theories generally refer to intuitive, associative processes as System 1 and 

analytic, deliberative processes as System 2 (the order of the systems reflects dual process 
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assumptions regarding the advancement in complexity from 1 to 2; Evans & Stanovich, 2008).   

One key element that distinguishes standard dual process theories is the role of conflict 

detection in decision making (De Neys & Glumicic, 2008).  One type of standard dual process 

model – the default interventionist model – assumes that System 2 must recognize a conflict 

before engaging in deliberation (Kahneman & Frederick, 2002; Evans & Stanovich, 2008).  This 

model assumes that the conflict must be fairly obvious to trigger System 2, and that between-

subjects framing typically fails to do so.  On the contrary, parallel competitive dual process 

theories assume that both intuitive and deliberative processing occur in tandem (though conflict 

detection may not necessarily breach conscious awareness; Denes-Raj & Epstein, 1994; Epstein, 

1994, Sloman, 1996).  However, it may just be that they are unable to inhibit their intuitive 

preference.  Finally, fuzzy-trace theory predicts that individuals encode both verbatim and gist 

representations of the framing problem, but generally rely on bottom-line gist.  In other words, 

for between-subjects framing, fuzzy-trace theory assumes that there is no apparent conflict, 

allowing people to rely on a meaningful way of differentiating the options.    

Chapter 4 applies a measure of decision confidence (previously used to measure conflict 

detection; De Neys, Cromheeke, & Osman, 2011) in order to compare each model of framing.  If 

it is true that intuitive and analytic processes run in parallel, then biased individuals should be 

less confident, because they realized that they were biased but failed to inhibit their intuitive 

processing (this realization is not necessarily conscious, but has been shown to be sensitive to 

measures of confidence; De Neys et al., 2011).  On the contrary, default interventionist models 

predict increases in confidence with less framing, because according to these models, less 

confidence in one’s decision should lead to more analytical processing, which will be more 

likely lead to the realization that the options are mathematically equivalent in terms of expected 
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value, and therefore that they should be indifferent (Kahneman, 2002).  Finally, fuzzy-trace 

theory would predict that framing in a between-subjects design (in which gain and loss are 

manipulated between subjects) can be accompanied by high confidence, given that the 

categorical gist of the problem provides a clear and meaningful way to distinguish options  

whereas a verbatim representation should lead to indifference (because problems are typically 

structured as tradeoffs between probability and outcome magnitude). 

We also measure memory performance for the numeric amounts in the problem to 

contrast fuzzy-trace theory from default interventionist models.  Default interventionist dual 

process models would expect larger framing effects from individuals who relied on a rough 

evaluation of the options (as opposed to careful analysis of the numerical amounts).  Fuzzy-trace 

theory, however, predicts that individuals have access to both verbatim and gist traces for the 

problem information, and therefore the relationship between memory accuracy and framing need 

not be negative.  In fact, fuzzy-trace theory would expect memory for the zero-complement to 

relate to larger framing effects due to its importance in generating a categorical gist. 

Finally, we manipulate the presentation format of the framing problem between subjects 

so that either the categorical gist or the verbatim representation of the problem is emphasized 

(along with a condition that provides complete information).  In order to emphasize the 

categorical gist, only the zero complement is highlighted in the risky option of the framing task, 

and to emphasize the verbatim representation, only the non-zero complement is highlighted.  

Emphasizing the zero complement (and therefore the categorical gist) should lead to large 

framing effects and emphasizing the nonzero complement (and therefore a verbatim 

representation) should lead to reduced framing.  Past work has shown that these manipulations 

lead to the predicted patterns of decision making (Kuhberger & Tanner, 2010; Reyna, Chick, 
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Corbin, & Hsia, 2014).  Fuzzy-trace theory would also expect higher levels of decision 

confidence when the categorical gist is emphasized, even when subjects demonstrate perfect 

memory accuracy for the numerical information in the problem. 

These three chapters examine fuzzy-trace theory’s predictions regarding the mechanisms 

underlying risky-choice framing from multiple perspectives.  First, we review fuzzy-trace 

theory’s developmental predictions regarding increases in framing with age and expertise (Reyna 

et al., 2014; 2011; Reyna & Ellis, 1991).  Next, we test predictions for within-subjects framing, 

specifically for how individual differences in gist versus verbatim processes relate to framing, 

with the prediction that verbatim measures should predict less framing and gist measures greater 

framing bias.  We are also the first to test how the goal of cognitive consistency relates to within-

subjects framing effects.  Finally, we test predictions for between-subjects framing, looking at 

decision confidence and memory accuracy for numerical information, with the expectation that 

higher decision confidence should be associated with larger framing, and more accurate memory 

should not predict reduced framing (but may actually predict larger bias). 
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CHAPTER 2 

 

Abstract 

Fuzzy-trace theory distinguishes verbatim (literal, exact) from gist (meaning-based) 

representations, predicting that reliance on gist increases with experience and expertise.  Thus, 

many judgment-and-decision-making biases increase with development, such that cognition is 

colored by context in ways that violate logical coherence and probability theories.  Nevertheless, 

this increase in gist-based intuition is adaptive:  Gist is stable, less sensitive to interference, and 

easier to manipulate.  Moreover, gist captures the functionally significant essence of information, 

supporting healthier and more robust decision processes.  We describe how fuzzy-trace theory 

accounts for these phenomena linking memory to judgment and decision making, and predicting 

the paradoxical arc of these processes with the development of experience and expertise.  We 

present data linking gist memory processes to gist processing in decision making and provide 

illustrations of gist reliance in medicine, public health, and intelligence analysis. 
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How Reasoning, Judgment, and Decision Making are Colored by Gist-Based Intuition 

In this article, we discuss how qualitatively different mental representations influence 

judgment and decision making, and how the reliance on these differing representations changes 

with age and expertise.  Specifically, we draw a distinction between literal representations that 

capture the surface form of information, called verbatim, although the term applies to non-verbal 

as well as verbal stimuli, and meaningful representations that capture the essential gist of the 

same information.  Some materials, tasks, and people focus cognition more on verbatim as 

opposed to gist representations.  Nevertheless, for most adults, cognition tilts toward gist, despite 

encoding verbatim representations along with the gist.  That is, adults unconsciously gravitate 

toward using the simplest meaningful representations that they can (within the constraints of a 

task) in reasoning, judgment, and decision making.   

In the following, we provide an overview of fuzzy-trace theory (FTT), which 

distinguishes between verbatim and gist representations, and is the source of predictions about 

reasoning, judgment, and decision making.  We update the theory in the light of recent findings, 

reporting the first evidence linking theoretically predicted gist-based biases in memory and in 

decision making.  We also review developmental differences in verbatim and gist representations 

and their implications for judgment and decision making in real-world contexts, such as public 

health, medicine, and intelligence analysis.  In particular, we discuss increases in reliance on gist 

representations with age and experience.  By “age,” we mean the mechanisms that unfold with 

biological maturation and environmental stimulation, such as the neurological changes that occur 

in the brain from childhood to young adulthood and from adulthood to old age (e.g., Reyna, 

2012b; Reyna, Chapman, Dougherty, & Confrey, 2012).  In FTT, then, development occurs 

because of both biology and experience; experience under the proper circumstances produces 
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insight and, in turn, changes the brain (see also Stickgold, 2005).   

Background  

Mental Representations of Information in Reasoning, Judgment, and Decision Problems 

FTT is a comprehensive theory of memory and reasoning that is grounded in 

psycholinguistic research on how information is represented, retrieved, and processed.  The 

theory draws a distinction between two kinds of memory representations, verbatim and gist 

(Reyna, 2012a).  Gist representations capture the bottom-line meaning, whereas verbatim 

representations capture precise detail of experiences.  Gist and verbatim representations exist on 

a continuum (from the “fuzziest” gist to the most precise verbatim), and are encoded, stored, and 

retrieved separately and in parallel.  With age and expertise comes an increased “fuzzy 

processing preference,” meaning that adults and experts tend to rely on the simplest gist 

necessary to complete a task.  According to FTT, reasoning based on gist processing—the 

intuitive, bottom-line meaning—underlies advanced cognition.  

Mental representations of these relations range from literal mental models that preserve precise 

magnitudes (i.e., verbatim representations of size or distance, e.g., Kosslyn, Ball, & Reiser, 

1978) to approximate ordinal representations of relative magnitudes (e.g., “more” vs. “less; 

“higher” vs. “lower”) to the simplest representations of all-or-none categorical gist (e.g., “some” 

vs. “none”; “high” vs. “low”).  Research on memory for magnitudes, frequencies, and 

probabilities has shown that people encode these specific verbatim-to-gist level representations 

of quantity (e.g., for reviews, see Reyna & Brainerd, 1994; 2008). 

FTT applies principles of representation, retrieval, and processing in order to explain 

variations in how we make judgments and decisions.  With regard to representation, the principle 

of task calibration states that individuals encode multiple representations at differing levels of 
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specificity, but the requirements of a judgment or decision task will dictate which level is relied 

upon for a response.  According to contextual relativity, judgments and decisions are influenced 

by the overall context surrounding them (e.g., a 15% chance of rain is low, but in terms of the 

probability of a heart attack, 15% is very high).  With regard to retrieval, variability in judgment 

and decision making can be attributed to what kinds of reasoning principles or values are 

retrieved (e.g., retrieving the principle of “no risk is better than some risk” can lead to different 

decisions compared to “it is important to weigh risks and benefits”).  Finally, some tasks put 

larger demands on processing, requiring one to be more diligent in monitoring the quality of 

one’s thinking.  As we outline in more detail below, each of these concepts offers insight into the 

processes underlying judgment and decision making.  

Effects of the Task and Context on Reasoning, Judgment, and Decision Making 

 The principle of task calibration in FTT, which holds that individuals match the 

specificity of mental representation that they rely on with the specificity of the task demands 

(e.g., Reyna, 2012a), applies broadly to reasoning, judgment, and decision making.  Applying 

this principle, adults use the simplest mental representations that they can to accomplish the task 

(e.g., Reyna, 2012a).  A task could be choosing between two options, ranking options in terms of 

their perceived probability, or providing exact numbers from memory (e.g., memory for 

frequencies of events; Miller et al., 2005).  More specific questions require calibration to more 

complex representations, such as when asked what the temperature is today, one must reply at 

the interval level (e.g., 80 degrees). However, being asked whether today is hotter than yesterday 

demands an ordinal response.  Finally, when asked if it is hot today (a categorical question), one 

will provide a categorical yes or no response.  

The calibration principle accounts for inconsistencies in preference judgments when they 
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are elicited with choices, rankings, or exact dollar estimates of willingness to pay (e.g., Fischer & 

Hawkins, 1993; Kühberger & Gradl, 2013).  For example, when asked to choose between (a) a 

9/12 chance of winning $1.20 and (b) a 3/12 chance of losing $0.10, or a 3/12 chance of winning 

9.20 and a 9/12 chance of losing $2.00, individuals tend to prefer the higher probability gain.  

This boils down to representing the options as a better chance of winning something and losing 

nothing in the first gamble.  However, when asked how much one would be willing to pay for 

each gamble, individuals pay more for the gamble with the higher monetary gain, matching their 

representation of worth to the amounts given in the gamble, and thus demonstrating a reversal in 

their preferences (Slovic & Lichtenstein, 1983).  Asking subjects how much they would pay puts 

the focus on interval representations of how much one could win, making the gamble with the 

higher outcome appear to be worth more.  

As demonstrated in the previous example, choice tasks typically require simpler 

representations than exact numerical judgments do.  To prefer one option over another, it has to 

be greater on a dimension that is valued—more money, lives, social status and so on.  Exact 

numbers of dollars, lives, and status do not necessarily matter for accomplishing the task of 

choosing: More is better than less and some is better than none for these dimensions.  For 

example, it is immediately obvious that receiving $10,741 is better than $5,972 without 

subtracting these quantities; more money is better than less (ordinal gist).  Likewise, it is obvious 

that $5,972 is better than $0 because some money is better than none (categorical gist).  Early 

versions of FTT treated categorical gist as a special case of ordinal gist (Reyna & Brainerd, 

1991), which is mathematically true but psychologically false (Mills, Reyna, & Estrada, 2008; 

Reyna, Chick, Corbin, & Hsia, 2014). 

Although real-world and laboratory tasks are usually more complex than simply choosing 
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between two quantities, these simple representations of ordinal and categorical gist, along with 

simple values or principles stored in a gist form in long-term memory (e.g., money is good; risk 

is bad) can account for a wide range of judgment and decision-making phenomena.  The task 

calibration principle applies to the level of representation used to accomplish the task; it does not 

imply that other levels of representation are not known, encoded, or stored.  In fact, unlike most 

dual-process theories (cf. De Neys, 2006), FTT posits that verbatim representations are encoded 

and stored in parallel with multiple gist representations, an assumption grounded in evidence.  

Multiple levels of representation are encoded and stored, but task demands influence which level 

of representation is relied upon.  In other words, an individual can simultaneously represent the 

temperature as “90 degrees”, “hotter than yesterday”, and “hot”, but if they are asked if it is 

hotter today than yesterday, they will reply with the ordinal representation, matching the 

representation level of the question.  

Thus, the precision of representations used to make choices among options waxes and 

wanes depending on the context, including the context of other numbers in options.  Twenty 

dollars is essentially nil or nothing compared to the prospect of a million dollars (Stone, Yates, & 

Parker, 1994), but the same $20 is “some money” compared to the prospect of zero dollars 

(Mather et al., 2012; although psychophysical approaches sidestep the issue of meaning, which is 

focal for FTT, Vlaev, Chater, & Stewart, 2009).  The nimble human mind can construe the gist 

of even concrete and familiar objects, such as money, in different ways depending on the 

context.   

In ordinary life, this contextual relativity is a good thing: No one should confuse the size 

of a “large” flea with that of a “large” elephant or a “loud” tie with a “loud” horn (e.g., Clark & 

Clark, 1977).  As Reyna and Brainerd (2011) argued, autism is characterized in part by relatively 
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higher verbatim and lower gist processing, compared to neurotypical individuals.  As predicted 

by FTT, those with autism show more consistency in preferences in cases in which changes in 

context and meaning would otherwise drive inconsistencies.  However, they also are more literal, 

which presents problems in ordinary life.  

Gist takes context into account because it captures the meaning or interpretation of 

stimuli.  Therefore, whether a quantity is encoded as, for example, low or high depends on the 

context of other values (e.g., Ungemach, Stewart, & Reimers, 2011) as well as general and 

culturally specific knowledge (e.g., Reyna, 2008; Reyna, Nelson, Han, & Dieckmann, 2009).  

When decisions are taken out of context, they may appear arbitrary and irrational.  One example 

in which decisions appear irrational when taken out of context can be found in jury award 

decisions.  Juries are well known for high levels of variability when deciding on damage awards 

(Hans & Eisenberg, 2011).  However, when examining the reasons behind award decisions, 

jurors rely on meaningful numbers that arise from the case and are filtered through one’s own 

perception of what numbers are seen as high or low (Reyna et al., in press).  Within the context 

of the case and jurors’ experience, awards then appear coherent (Hans & Reyna, 2011).   

Furthermore, values and principles that are applied to representations, like anything 

stored in memory, are sometimes retrieved and sometimes not, depending on cues in the retrieval 

environment.  For example, in the classic “Linda Problem,” people are given a description of 

Linda, which is meant to convey the gist that she cares about women’s rights and is politically 

active.  Next, people are asked to rate the likelihood that Linda is a bank teller as well as the 

likelihood that she is a bank teller and also active in the feminist movement.  Most people will 

erroneously rate the likelihood of the conjunction of feminist bank teller as higher than the 

likelihood Linda is a bank teller (Tversky & Kahneman, 1983).  In this task people fail to 
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retrieve the correct reasoning principle (if class B contains Class A, then Class B is larger (or 

equal) to Class A).  They are also driven by an appealing gist (Linda as a feminist) and neglect 

the denominator (Bank tellers) and only focus on numerators (Feminist Bank Teller).  Therefore, 

this error (the conjunction fallacy) occurs not because people aren’t aware of the correct 

reasoning principle, they simply fail to retrieve it when making a judgment.  Performance on the 

“Linda Problem” improves greatly when the correct reasoning principle is cued prior to the 

judgment task (e.g., by answering the question “are there more apples, or more red apples?”; 

Reyna, 1991). 

These theoretical ideas about representation and retrieval explain task variability, that 

tasks that ostensibly tap the same underlying dimension (e.g., preference) nevertheless can elicit 

judgments and decisions that contradict one another.  For example, individuals that fail to 

retrieve the correct reasoning principle will succumb to the conjunction fallacy, however, those 

that do retrieve it will not.  According to FTT, task variability is a hallmark of human 

psychology.  Theories of psychology should not accommodate variability simply by relaxing 

constraints or allowing more noise.  Instead, task variability should be explained and predicted as 

a central phenomenon of human psychology.  FTT contrasts with other theories, which assume 

that task variability is driven by reliance on evolutionarily primitive, intuitive processes (Evans 

& Stanovich, 2013), in explaining how sensitivity to context, which contributes to task 

variability, is a feature of advanced cognition —because it reflects meaningful gist.  This gist can 

be specified scientifically; it has been measured and modeled using rigorous methods that avoid 

shortcomings of some other techniques (e.g., Abadie, Waroquier, & Terrier, 2013; Brainerd & 

Reyna, 2012; Reyna & Brainerd, 1995, 2011).  In FTT, task variability is not chaos.  Instead, 

people have stable values and preferences stored in long-term memory that are elicited to 
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different degrees by different tasks, but in predictable ways (e.g., Reyna, Lloyd, & Brainerd, 

2003). 

Explaining Inconsistent Responses Using Underlying Psychological Processes 

Inconsistent choices, or violations of the independence and invariance axioms of 

economics, then, are expected in FTT because they are effects of context (Epstein & Zin, 2001; 

Machina, 1982).  Roughly speaking, one important kind of independence is the assumption that 

preferences between options (or “lotteries”) should not change when another option is 

introduced—even if people do not select that option; If A is preferred to B, then adding an 

inferior option C to the choice set should not affect the preference of A over B.  Nevertheless, 

psychologically, the context of unchosen options can affect the preference of A over B because it 

invites qualitative—or gist-based—contrasts that reinforce or undercut preferences (Medin, 

Goldstone, & Markman, 1995; Pothos, Busemeyer, & Trueblood, 2013).  For example, choosing 

between a product costing $20 with a quality rating of 25 (out of 100), a product costing $40 

with a rating of 50, or a product costing $90 with a rating of 55 will lead to the larger preference 

for the $40 dollar (middle) option as compared to a choice between only the first two options 

(known as the asymmetrical dominance effect, or attraction effect; Huber, Payne, & Pluto, 1982).  

Adding the third, $90 option changes the context of the decision, making the $40 option look 

better overall (because the $90 option is more similar, but inferior to the $40 option), even 

though economic models would assume independent evaluations of each option.  

Similarly, invariance is the assumption from economics that the same outcomes should 

be treated consistently:  People should feel as good about gaining $100 as about being given 

$200 and losing $100 because the net outcomes are the same ($100).  Psychologically, however, 

people do not feel the same about these literally identical outcomes (e.g., Jasper, Bhattacharya, 
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Levin, Jones, & Bossard, 2013).  The violations of strict literal processing reflect gist-based 

intuition –thus they are intelligent processes in FTT, but when incoherent responses are noticed 

(e.g., when subjects notice that they have given conflicting responses in within-subjects framing 

tasks), different psychological processes of monitoring and inhibition come into play to suppress 

that incoherence (e.g., Adam & Reyna, 2005; Reyna & Mills, 2007; see also Evans & Stanovich, 

2013).  By monitoring, we mean mentally reflecting on one’s judgments and decisions, allowing 

them to notice similarities across materials or inconsistencies between answers.  They may 

therefore inhibit a response that they would generally give if it had not been for noticing the 

similarity across materials in favor of maintaining consistency across decision problems. 

More fundamentally, FTT’s process assumptions imply that no behavior can be taken at 

face value.  Choices do not reveal preferences any more than eye movements reveal processes; 

all behaviors—choices, eye movements, and other manifest behaviors—are the product of 

underlying neurological and psychological processes that shift as the environment changes 

(Reyna & Huettel, 2014).  The outputs of these processes should not be taken to be the processes 

themselves, which must be corroborated with rigorous hypothesis testing.  Thus, task variability 

at the level of outputs, such as inconsistencies in manifested preferences (e.g., in choices vs. 

ratings), does not imply that people do not have stable underlying preferences (Slovic, 1995) 

once mental representations, values/principles (analogous to social and moral norms in FTT), 

and contextual factors are disentangled.  Consistency of actual preferences is more accurately 

assessed at the underlying process level rather than by uncritically examining behavior (Reyna et 

al., 2003). 

People can achieve consistency (or coherence) in the outputs of reasoning, judgments, 

and decisions in two main ways. One way is that they can understand the essential gist of 
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information at a deep level, and thus avoid inconsistencies that turn on superficial features of 

information, recognizing underlying consistencies. A famous example was provided by 

Wertheimer (1982) in which the area of a parallelogram can be determined by generalizing the 

approach to calculating the area of a rectangle (multiplying the length by width), called 

“productive thinking.”  Applying the rote formula for rectangles to parallelograms by 

multiplying the length of the sides, verbatim computation, does not work – one must realize why 

multiplying the sides works for rectangles (because the sides capture length and width).  The 

other way to achieve consistency is to monitor the outputs of processing, and modify outputs so 

that they agree with one another.  In other words, if one considers 80% correct on a test good 

performance, if asked what I think of 20% incorrect on the same test, if I am monitoring my 

previous responses, I will realize that these are equivalent and answer consistently.  Most 

research on individual differences taps the latter processes of monitoring and inhibition that 

allow people to censor inconsistent behavior (Kahneman, 2003; LeBoeuf & Shafir, 2003; Reyna, 

2013; Stanovich & West, 2008).   

Evidence for such strategic monitoring and inhibition has been found in both false 

memory and judgment-and-decision-making research, but these processes can be distinguished 

from verbatim and gist processing (Reyna & Mills, 2007).  As an example, gist processing goes 

up with age during childhood, increasing semantically driven biases, while monitoring and 

inhibition also go up, decreasing computationally driven biases (e.g., Reyna & Farley, 2006).  

For example, older children and more numerate adults tend to check their answers more often in 

mathematical problems, compared to younger children and less numerate adults.  One example 

can be found in the Cognitive Reflection Test –a task with questions such as “A bat and a ball 

cost $1.10 together, and the bat costs a dollar more than the ball. How much does the ball cost?” 
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that lead to the intuitive, automatic, and incorrect answer of 10 cents.  Checking whether the 

initial intuitive response is correct in the Cognitive Reflection Test reduces biased answers (e.g., 

1.10 for bat minus $0.10 for the ball = .90 cents, not $1.00; Liberali, Reyna, Furlan, Stein, & 

Pardo, 2012).  Therefore, it is a measure of the degree to which people give the intuitive answer 

or reflect on their responses and edit it out. 

However, monitoring and inhibition--when combined with rote verbatim processing--lack 

insight, and, thus, can increase errors.  Thus, high numerate people are more subject to specific 

cognitive biases than low numerate people (see Reyna et al., 2009).  For example, when asked to 

make judgments involving percentages (e.g., 10%), highly numerate people will spontaneously 

transform percentages into frequencies (e.g., 10 out of 100), biasing their judgments of ratios 

(e.g., 10/100) by inducing the well-documented phenomenon of denominator neglect (i.e., most 

people give more weight to the numerator of a fraction or ratio, and therefore perceive the 

overall amount as larger than a percentage) (Reyna & Brainerd, 2008).  Peters et al. (2006) asked 

high and low numerates to rate how risky it would be to discharge a psychiatric patient who had 

(a) a 10% risk of committing a violent crime or (b) 10/100 individuals like this one committed a 

violent crime after being released.  High numerates gave high risk judgments for both percentage 

and frequency formats, whereas low numerates gave lower risk judgments for the percentage 

than the frequency format.   

While the traditional interpretation suggests that high numerates are more consistent and 

that this reflects advanced processing (Peters, 2012), the FTT account holds that high numerates 

are more consistently biased than low numerates because both estimates are biased upwards 

(e.g., giving a high estimate of risk).  People high in numeracy appear to translate 10% to 10/100, 

inducing denominator neglect for both formats (an effect that should be absent if those higher in 
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numeracy translated into 1/10 rather than 10/100, suggesting that they maintain 10/100 to keep a 

1 to 1 comparison with 10%; Reyna et al., 2009).  This effect demonstrates increased bias due to 

monitoring and inhibition when combined with rote verbatim analysis.   

The fact that monitoring is separate from rote analysis and intuition is not well accounted 

for by traditional dualism, which only considers two processes – an intuitive process which is 

error prone, and an analytic process that corrects for the faults of intuition and reasons to a more 

accurate response (Evans & Stanovich, 2013).  FTT differs substantially from traditional dualism 

because it distinguishes each of these factors (gist-based intuition, verbatim-based analysis, and 

monitoring/inhibition), such that (1) cognition reflects parallel processing of gist-based intuition, 

and verbatim-based analysis, (2) advanced cognition is generally intuitive or gist-based, and (3) 

advanced cognition is not conflated with monitoring and inhibition, making it possible to predict 

opposing developmental trajectories as well as other paradoxical patterns.     

Specific Predictions for Risky Choice 

 With this background, we can discuss how gist predicts specific biases in judgment and 

decision making, how such biases increase with development.  Furthermore, we can discuss how 

gist-based processing in false memory (e.g., misremembering hearing an unpresented word, such 

as “doctor” after studying a list that contained medical words such as “hospital” and “nurse” with 

which “doctor” is semantically related; Gomes & Brainerd, 2012), is related to gist-based 

processing in judgment and decision making.  A classic choice task pits a sure option (e.g., a sure 

gain of $100) against a risky gamble (e.g., a 50%chance to gain $200 and 50% chance to gain 

nothing).  Most adults prefer the sure option over the risky gamble; they are risk averse. Now, 

imagine being given $200, but a choice has to be made between losing $100 for sure versus a 

risky gamble – a 50% chance to lose $200 and a 50% chance to lose nothing.  For losses, most 



 
 
 

   24 

adults are risk-seeking; they prefer the risky gamble over the sure loss.  As is apparent when the 

gain and loss versions are presented back-to-back, they are equivalent because subtracting a sure 

loss of $100 from $200 amounts to a $100 gain and so on throughout the problem.   

As we discuss below, this bias in risk preferences for gains and losses emerges in 

adolescence as a result of gist-based intuition, and risk takers who compromise their health (e.g., 

by having unprotected sex with more partners) are less subject to this bias and think more 

literally about risk (e.g., Reyna et al., 2011; Reyna & Mills, 2014).  In addition, as FTT predicts, 

adult experts with more experience making risky choices continue to develop as a function of 

their experience; they, too, are more subject to the gain-loss bias than adults with less experience 

(Reyna et al., 2014).   

Theories such as Prospect Theory and Cumulative Prospect Theory think about gains and 

losses as changes relative to a zero reference point (Tversky & Kahneman, 1986), although 

reference points can be expectations or other baselines for comparison (Kőszegi & Szeidl, 2013).  

The reference point provides a context against which gains or losses are defined (McKenzie, 

2004).  A gain of $100 is an increment up from zero, whereas a loss of $100 is a decrement down 

from zero.  According to FTT, which builds on these theories, the gist is determined by 

qualitative distinctions among the numbers in options and people begin with the simplest 

distinctions they can—categorical gist.  The categorical contrast in our example is between some 

money and nothing.  Therefore, the representation of the options boils down to gaining some 

money for sure versus gaining some money or gaining nothing.  Then, people retrieve relevant 

values--for money in this example—and apply them to the representation of the options.  

Because some money is valued more than nothing, people prefer the sure gain.  The same steps 

are followed for the loss decision, which boils down to losing some money for sure versus losing 
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some money or losing nothing.  People prefer losing nothing to losing something, so now they 

prefer the risky option.   

Figure 1 displays choice percentages for 30 gain and loss decisions presented to three 

groups of people: college students, post-college adults, and intelligence agents who were trained 

experts in risky decision making (e.g., in multiple areas regarding national security; see Reyna et 

al., 2014).  The “complete” condition in the middle of the figure corresponds to the classic 

description of these decisions consisting of a sure option ($100 for sure) and both complements 

of a risky gamble (e.g., both “50% chance of $200” and “50% chance of nothing”).  The original 

variations on the standard mixed condition—labeled “zero present” (50% chance of nothing) and 

“non-zero present” (50% chance of $200) in Figure 1--were introduced as critical tests of FTT 

(Reyna & Brainerd, 1991, 1995; see Reyna, 2012a).   

On the one hand, the zero-present condition on the right highlights the zero part of the 

risky gamble, for example, the “50% chance of nothing,” placing the 50% chance of $200 in the 

background information about the problem.  Hence, the zero-present formulation of choice 

options focuses processing on the categorical contrast between the sure and risky options (e.g., 

gaining some money vs. maybe gaining nothing), which FTT predicts should increase gain-loss 

differences.  On the other hand, the non-zero present condition on the left of Figure 1 deletes that 

zero complement of the risky gamble; so, instead of both “50% chance of $200” and “50% 

chance of nothing,” it merely reads “50% chance of $200.”  The non-zero formulation de-

emphasizes the categorical contrast, which should reduce gain-loss differences (i.e., it should 

reduce framing effects). 

Prospect theory, utility theory, and the other major theories of decision making, all 

predict that choices in the mixed condition should be the same as the choices in the zero-deleted 
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condition on the left (non-zero present; Kuhberger & Tanner, 2010; Reyna & Brainerd, 2011).  

For example, prospect theory predicts that people calculate an analogue to expected value by 

multiplying subjective values of outcomes (e.g., $200) by subjective values of probabilities 

(Kahneman & Tversky, 1979); a 50% chance of $0 is equal to zero.  Therefore, prospect theory 

does not have a prediction about different risk preferences for the complete condition versus the 

non-zero present condition (because mathematically, zero literally adds nothing to the problem), 

while this difference in choice is predicted by FTT (because the zero creates a categorical 

distinction between something and nothing).  In the experiment shown in Figure 1, and in other 

replications, subjects were carefully instructed about the deleted portions of the gamble (see 

Chick, Reyna, & Corbin, in press, for experiments testing various ambiguity hypotheses).  Thus, 

the problems were not ambiguous because subjects were fully informed about the “missing” 

information as part of the background problem information (they also passed a quiz for this 

missing information at the end of the experiment).  Because there was no ambiguity about 

deleted information, subjects in all three conditions received the same information, albeit with 

different parts of the information highlighted.   

Notice that although the gamble described as a “50% chance of $200 and 50% chance of 

nothing” is mathematically equivalent to the description as a “50% chance of $200,” the gist is 

not the same: the latter emphasizes a quantitative tradeoff (i.e., verbatim-based analysis) relative 

to the sure option of $100 for sure, a lower probability of a higher amount.  Nevertheless, despite 

mathematical equivalence, the deletion manipulations produced large predicted differences for 

all three groups of subjects: exaggerated framing effects when the zero complement is 

highlighted and attenuated framing effects when the zero complement is missing.  As we discuss 

in greater detail below, Figure 1 illustrates that these effects—original framing effects and 
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manipulations—are not restricted to college students under artificial conditions (cf. Henrich, 

Heine, & Norenzayan, 2010). 

Developmental Differences in Risky Decision Making: Experience and Expertise 

According to FTT, risky choice framing effects reflect reliance on gist-based intuition, 

the use of simple categorical gist representations (along with retrieved social values).  Moreover, 

as shown in Figure 1, the intelligence agents who were the most advanced subjects in terms of 

training and experience regarding risky decision making displayed the largest framing effects.  

They also showed robust effects of manipulations.  These effects have been demonstrated with a 

variety of outcomes; similar effects are obtained with lives, money, and other valued dimensions 

(e.g., Reyna, 2012a).   

Risky choices are not just made in the laboratory, however.  Using FTT, gist-based 

intuition has been shown to characterize risky decision making in medicine.  For example, Reyna 

and Lloyd (2006) compared decisions of medical students, general medical practitioners, 

cardiology specialists and subspecialists (most expert) for patients with chest pain who are not 

having a heart attack.  Such patients are at varying risk of having a heart attack, but physicians 

cannot admit them all.  As cardiology expertise increased, physicians were more likely to base 

admission decisions on simple gist representations: They used fewer dimensions of medical 

information and processed that information in a more categorical all-or-none fashion.  That is, 

specialists and subspecialists were more likely to use one dimension of information and to either 

admit patients to intensive care--the highest level of care--or to discharge them for outpatient 

follow-up--the lowest level of care (see also Adam & Reyna, 2005; Reyna & Adam, 2003; 

Reyna et al., 2003).  Again, as in Reyna et al. (2014), the most advanced subjects were most 

likely to use gist-based intuition in decision making, as opposed to complex analysis of multiple 
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dimensions.     

At the other end of the life-span, as predicted by FTT, young children are less likely to 

show risky choice framing effects than adults (e.g., Reyna & Ellis, 1994; Reyna & Farley, 2006; 

Weller, Levin, Denburg, 2009).  Children treat gaining one toy as the same as being given two 

toys and losing one toy.  Even young children take roughly calculated risks, trading off the 

amount of potential prizes (number of toys) against risks as communicated by shaded areas of 

spinners.  Indeed, FTT’s prediction of increasing gain-loss framing bias from childhood to 

adulthood in risky choice was the first demonstration of a “developmental reversal” prediction 

(Reyna & Ellis, 1994; see also De Neys & Vanderputte, 2011; Jacobs & Potenza, 1991).  These 

reversals of traditional expectations occur because children rely more on representations toward 

the verbatim end of the verbatim-gist continuum, compared to adolescents and adults (the latter 

rely more on gist, a fuzzy-processing preference; see also Wolfe & Fisher, 2013, for a method of 

measuring individual differences in fuzzy-processing preference).   

Developmental reversals cannot be explained away as merely greater knowledge (e.g., of 

social stereotypes when base rates are rejected in favor of such stereotypes) because wrong 

answers become increasingly more prevalent from childhood to adulthood even when knowledge 

differences are controlled or equated.  False memories based on gist, for example, increase from 

childhood to adulthood, even when to-be-remembered words are specially selected to be familiar 

to children (e.g., Reyna, 2012b).  Adults demonstrate larger biases in probability judgments, too, 

compared to children, rejecting numerically correct answers (Reyna & Brainerd, 1994). 

Comparable effects of increased rejection of numerically correct answers have been 

demonstrated in charitable giving.  Older children and adults are more likely than younger 

children to donate money to a single victim than to a larger group containing that victim, a 
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developmental reversal that has been attributed to the growth of reliance on categorical gist 

(Kogut & Ritov, 2005).  Specifically, Kogut, Slovic, and Vastfjall (2014) conducted a between-

subjects experiment in which each subject was instructed to share any number of candies with 

either an individual child or with a group of six children.  They demonstrated a developmental 

reversal in preference for sharing candies, such that the youngest group (nursery school) gave 

more candies to the group than to a single individual, pre-elementary and first-graders did not 

differ in number of candies given to the group versus individual, and the second graders shared 

more with one identifiable individual than they did with the group.  Therefore, younger children 

were more likely to provide the normatively correct and unbiased response of giving more 

candies to a greater number of individuals -- an indicator of quantitative verbatim 

processing.  Adults and older children apparently use a some-none gist when asked to donate to 

or share with a single individual, as in framing effects, whereas larger numbers cue quantitative 

processing.   

Thus, in risky choice framing tasks, children as young as preschoolers can demonstrate 

that they know how to roughly multiply magnitudes of probabilities and outcomes in decision 

tasks that are designed to be fully understandable for children (e.g., Nikiforidou & Pange, 2010; 

Reyna & Brainerd, 1994; Téglás, Girotto, Gonzalez & Bonatti, 2007).  They are also more risk-

seeking than adults; all other factors equal, preference for the risky gamble declines from 

childhood to adulthood (e.g., Boyer, 2006; Reyna & Farley, 2006).  For equal expected value, 

this means that they prefer the gamble over the sure option in both gain and loss frames (e.g., 

about 70% of the time in Reyna & Ellis, 1994).  They can discriminate different probabilities of 

outcomes, and thus do not choose to gamble 100% of the time, gambling more often when the 

probability of winning something is higher (or the probability of losing something is lower).   



 
 
 

   30 

Children are loss averse when losses are real, in other words, when they are not net gains.  

Children lack sensitivity to context when they focus on net returns in risky choice problems, 

rather than focusing on the history of “losses”—as subtractions from previous quantities (two 

toys minus one toy).  This lack of sensitivity to context is not due to failing to remember prior 

quantities; memories for quantities in this task have been assessed and do not account for 

framing effects.  Older children faced with the identical experimental stimuli treat outcomes 

differently depending on whether they are gains or net gains (“losses”)—despite their objective 

equality.   

Decision making becomes less objectively quantitative—less verbatim--as children get 

older.  Around 8-9 years of age, they begin to rely mainly on only one dimension in decision 

making, namely, outcomes (i.e., rewards).  When expected values are equal, the gamble always 

offers a larger reward than the sure thing; in our earlier example, $200 is larger than $100 (and 

the sure loss offers a smaller loss than the gamble).  This kind of information processing 

focusing on numerical differences in outcomes produces evidence of reverse framing: greater 

preference for the gamble (which has higher rewards than the sure option when expected values 

are equal) in the gain frame and greater preference for the sure option in the loss frame (which 

has lower losses, relative to the sure option).  Reverse framing is larger when differences 

between outcomes are greater, as might be expected, which suggest a motivational aspect to this 

cognitive representational effect (see Chick & Reyna, 2012).  However, motivational factors, 

such as sensation seeking (which reflects reward sensitivity), and reverse framing account for 

unique variance in predicting risk taking behavior, demonstrating that these factors cannot be 

reduced to one another (Reyna, et al., 2011).   

Standard framing effects emerge in early adolescence, observable initially when 
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numerical differences between outcomes are small, but it becomes more prevalent as adolescents 

transition to gist-based intuition in adulthood.  Ironically, a sizeable portion of risk taking 

behavior in multiple real-world domains seems to be linked to verbatim-based analysis rather 

than gist-based intuition (Reyna & Farley, 2006).  Some adolescents are impulsive and 

unthinking—they insufficiently monitor and inhibit their behavior, reflecting less mature 

executive function (Casey & Caudle, 2013; Steinberg, 2008).   However, many others seem to 

consider risk-reward tradeoffs and intentionally take roughly calculated risks, as predicted by 

FTT (IOM & NRC, 2011).  That is, verbatim-based analysis is risk promoting when perceived 

benefits are high and risks are low.  In contrast, gist-based intuition applies the same thinking we 

discussed in risky choice gain and loss problems: better to have some fun than to take a risk and 

either have some fun or none (if a bad outcome occurs) (Rivers et al., 2008). 

For instance, for most of the risk taking behaviors that have been studied, adolescents’ 

ratings of risks and rewards (benefits) predict their behavior (rewards have a more robust effect 

than risks; Reyna, Estrada et al, 2011; Reyna & Farley, 2006).  This literal thinking produces 

poor outcomes for many adolescents, although most escape the adolescence-limited period of 

heightened risk taking (Moffitt, 2003).  “Playing the odds” pays off in the aggregate, but it can 

have catastrophic effects for individuals.  Scales that assess gist-based thinking have been 

designed, such as categorical thinking and ordinal risk perception, as well as verbatim-based 

thinking scales (e.g., Mills et al., 2008; Reyna, 2008; Reyna, Croom et al., 2013; Reyna, Estrada 

et al., 2011).  As FTT suggests, and research using these scales has shown, verbatim-based 

analysis is associated with greater unhealthy risk taking and gist-based intuition is associated 

with healthier behaviors (e.g., later initiation of sex and fewer sexual partners in adolescence).   

These findings that verbatim-based analysis is associated with unhealthy risk taking, 



 
 
 

   32 

whereas gist-based intuition is associated with less risk taking, make sense according to FTT 

because the former is less developmentally advanced than the latter.  Moreover, inculcating gist 

thinking reduces health risks, as shown using experimental designs (e.g., Fraenkel et al., 2012; 

Reyna & Mills, 2014).  Literal thinking misses the essential bottom line of many health risks, 

such as HIV-AIDS, which are low probability but catastrophic events (Reyna & Adam, 2003; 

Wilhelms, Reyna, Brust-Renck, Weldon, & Corbin, 2014).  Conversely, as Reyna and Brainerd 

(2011) point out, FTT predicts that those with autism will be less subject to gist-based judgment-

and-decision making biases, such as framing effects and conjunction fallacies because their 

thinking is more verbatim-based.  Therefore, they are more resistant to gist-based biases, but 

they are less able to make the global, non-literal inferences that support real-world pragmatic 

functioning (e.g., De Martino, Harrison, Knafo, Bird, & Dolan, 2008; Miller, Odegard, & Allen, 

in press).  In sum, FTT predicts the growth of gist-based intuition (as experience and expertise 

develop), which supports paradoxical increases in specific semantic biases, but these reflect 

global cognitive advances (Weldon, Corbin, & Reyna, 2013).    

Caveats and Cautions 

It is important to acknowledge that verbatim versus gist thinking does not account for all 

judgment and decision making effects (for an excellent review, see Strough, Karns, & 

Schlosnagle, 2011).  Among other factors, emotion is extremely important, although emotion 

interacts with mental representations; indeed, mental representations shape emotional responses 

(Lerner & Keltner, 2001; Rivers, Reyna, & Mills, 2008).  Also, many psychologically different 

tasks have been called framing tasks.  For example, attribute framing—describing beef as 90% 

lean versus 10% fat--has been shown to be empirically distinguishable from risky choice framing 

(Jasper et al., 2013; Levin, McElroy, Gaeth, Hedgcock, & Denburg, 2014).  In addition, tasks 
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that are variously referred to as involving ambiguity, learning about outcomes (experiential 

tasks), and probability learning, differ psychologically from risky choice paradigms that we have 

discussed (Jasper; Weller, Levin, & Denburg, 2011).  As examples, children are less able to 

remember outcomes learned from experience as compared to adults, as has been known for many 

decades. Thus, when memory supports are provided, developmental differences in such learning 

paradigms are curtailed (Van Duijvenvoorde, Jansen, Bredman, & Huizenga, 2012).  Prior 

reviews have mistakenly interpreted these memory findings as reflecting developmental 

differences in decision making; once these task demands are recognized, seemingly conflicting 

findings can be reconciled.  

Also, the ability to reliably compute expected value improves from childhood to 

adulthood (Reyna & Brainerd, 1994).  Thus, performance for children and adults for framing 

problems that differ in expected value reflect developmental improvements in the ability to 

execute verbatim-based analysis, as well as the factors that we have discussed.  For example, 

children learn to multiply in elementary school, which allows them to more easily estimate 

expected value (Weller et al., 2009).  Therefore, the ability to suppress framing effects when 

expected values work against framing effects (e.g., the risky option is superior in the gain frame, 

but the sure option is superior in the loss frame) improves in childhood (Reyna & Brainerd, 

2008).  FTT differs from most other dual-process theories in assuming that both verbatim and 

gist processes are engaged simultaneously in both memory and decision-making tasks, as 

reflected in the finding that the complete condition which taps both processes differs from zero-

absent (verbatim emphasis) and zero-present (gist emphasis) conditions in Figure 1.   

Relations between Gist-based False Memory and Framing Effects 

Research on FTT has implicated the use of verbatim and gist representations in a wide 
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range of memory, reasoning, and decision making tasks (for reviews, see Reyna, 2008, 2012a).  

For example, FTT predicts similar developmental trends across tasks, as well as points out that 

similar mental representations are used in both memory and judgment tasks (e.g., ordinal and 

categorical gist memories in probability judgment tasks and in decision-making tasks).  In the 

Deese-Roediger-McDermott (DRM) paradigm, for example, subjects see or hear lists of words 

that share semantic relations with one another (e.g., table, legs, seat, cushion) and are then given 

a recall or recognition test (Brainerd & Reyna, 2005; Gallo & Roediger, 2003).  Presented words 

are called “targets” because the standard DRM task involves a verbatim memory test:  Subjects 

are instructed to say “yes” only to exact copies of presented words.  Critical lure words (e.g., 

chair) were not presented in the initial list, but are falsely remembered at very high levels, due to 

a gist memory of the semantic theme of the list (see Gomes & Brainerd, 2012 for a more 

extensive review of gist and verbatim memory).  

Studies have also shown that third variables, such as sleep, which foment gist-based false 

memories, also foment intuitive reasoning and problem solving (Payne, Stickgold, Swanberg, & 

Kensinger, 2008).  Individual differences (e.g., in intelligence) also provide indirect links 

between memory, on the one hand, and reasoning and decision making, on the other hand; for 

example, higher intelligence has been linked with higher levels of gist-based false memory 

(McGeown, Gray, Robinson, & Dewhurst, 2014; Reyna, Holliday, & Marche, 2002; Weekes, 

Hamilton, Oakhill, & Holliday, 2008; but see Stanovich & West, 2008).  However, there has 

been no direct evidence that false memory was directly associated within-subjects to gist-based 

judgment-and-decision-making biases. 

 Figure 2 displays the results from 104 adults (47 subjects were female and mean age was 

36.1 years, with a standard deviation of 12.11 years) recruited on Amazon Mechanical Turk (see 
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Corbin, Russo, & Reyna, 2014, for additional results).  Subjects received blocks of 5 gain and 5 

loss framing problems (the blocks were counterbalanced for order across subjects; see Reyna, 

Estrada et al., 2011).  The five problems in each frame varied only in the magnitude of outcomes 

(from 60 to 10,000 lives saved or lost).  Subjects also received the six 15-item DRM word lists 

that have been shown to elicit the highest levels of false memory (Stadler, Roediger, & 

McDermott, 1999), followed by a standard old-new recognition test.  Decision-making and 

recognition memory tasks were counterbalanced across subjects. Significant framing and false-

memory effects were obtained.   

Most important, Figure 2 shows the positive relation between gist-based false memory 

for related distractors and framing effects (the number of risky choices in the loss frame minus 

the number in the gain frame), controlling for acceptance rate for presented words and unrelated 

distractors (or response bias).  That is, subjects who were more likely to misremember gist-

consistent words as having been presented, controlling for response bias and verbatim memory 

for presented words, also showed larger framing effects.  This result is consistent with FTT’s 

explanation that both semantic false-memory and framing effects are supported by gist-based 

intuition (e.g., Reyna & Brainerd, 1995; Reyna et al., 2014; Reyna, Mills, Estrada, & Brainerd, 

2007).  In other words, individuals more likely to rely on gist in a recognition task (as opposed to 

verbatim memory for presented words) were also more likely to rely on gist in the decision task 

(e.g., categorical distinctions in framing as opposed to verbatim analysis of numbers). 

Also consistent with FTT, acceptance rate for presented words was inversely related to 

framing effects—better verbatim memory was associated with more consistent responses across 

frames, consistent with verbatim monitoring (and inhibition of gist-based responses) in both 

paradigms.  In other words, some subjects are better able to remember problems in one frame 
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when they move to the alternate frame; they care about consistency (Russo, Carlson, Meloy, & 

Young, 2008), and, hence, censor inconsistent responses (Kahneman, 2003; Shafir & Leboeuf, 

2002).  Monitoring and inhibition of gist-based false memories through retrieval of verbatim 

memories, also called recollection rejection (see Brainerd, Reyna, & Estrada, 2006), is thus 

likened to within-subjects suppression of framing effects—monitoring and inhibiting 

inconsistent responses to risky choices expressed as gains versus losses based on remembering 

literal similarities across frames (Reyna & Brainerd, 1998; Stanovich & West, 2008). 

Summary and Conclusions 

 Ultimately, FTT describes a cognitive system that strives for meaningful understanding, 

which supports improved reasoning, judgment, and decision making.  This cognitive orientation 

makes sense because gist representations are long lasting, robust to interference, and generally 

preferred for information processing as people gain experience in a domain.  Experts in medicine 

and in intelligence analysis seem to rely more on gist-based intuition, compared to novices.  

Alternatively, verbatim representations are fragile, easily disrupted, and only relied on when the 

situation demands precision (e.g., in recalling exact dosage of a drug or in eyewitness testimony).  

FTT offers insight into cognitive processes that underlie behaviors in the laboratory and real life.   

As we reviewed, FTT has disentangled the independent contributions of gist and 

verbatim representations to linear inferential reasoning, probability judgment, and decision 

making about risky options.  FTT also predicted developmental reversals in decision biases, such 

as framing effects, indicating that such biases should grow from childhood to adulthood, which 

was observed.  The theory has generated critical tests, too, experimentally demonstrating the 

importance of categorical gist representations (as well as effect of monitoring and inhibition) for 

risky choice framing effects.  Experimental manipulations that induce verbatim processing make 
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adults behave as though they were younger; conversely, manipulations that induce gist 

processing make younger subjects seem older.  

In contrast to theories that consider detailed analysis to be the pinnacle of advanced 

cognition, FTT considers gist to be advanced.  Supporting evidence comes from social, 

cognitive, developmental, and neurobiological psychology.  As individuals develop, they are 

more likely to make inferences that go beyond surface-level details – and become more likely to 

mistake inferences for memory.  Furthermore, adults tend to rely more on categorical distinctions 

of risk and reward, which make them less risk-prone, whereas adolescents, who rely more on 

verbatim-based analysis, take more risks involving health-compromising consequences.  Finally, 

experts, such as physicians and intelligence analysts, rely on meaningful, qualitative distinctions 

rather than precise details when making decisions.  Thus, theoretical principles that we have 

discussed play out in applied domains, demonstrating the ecological validity of basic 

psychological mechanisms.  

  



 
 
 

   38 

REFERENCES 

Abadie, M., Waroquier, L., & Terrier, P. (2013). Gist memory in the unconscious-thought effect. 

Psychological Science, 24(7), 1253-1259. 

Adam, M. B., & Reyna, V. F. (2005). Coherence and correspondence criteria for rationality: 

Experts' estimation of risks of sexually transmitted infections. Journal of Behavioral Decision 

Making, 18(3), 169-186. 

Boyer, T. W. (2006). The development of risk-taking: A multi-perspective review. 

Developmental Review, 26(3), 291-345. 

Brainerd, C. J., & Reyna, V. F. (2005). The science of false memory. Oxford University Press. 

Brainerd, C. J., & Reyna, V. F. (2012). Reliability of children’s testimony in the era of 

developmental reversals. Developmental Review, 32(3), 224-267. 

Brainerd, C. J., Reyna, V. F., & Estrada, S. Recollection rejection of false narrative statements. 

Memory, 14(6), 672-691. 

Brannon, E. M. (2006). The representation of numerical magnitude. Current Opinion in 

Neurobiology, 16(2), 222-229. 

Casey, B. J., & Caudle, K. (2013). The teenage brain: Self-control. Current Directions in 

Psychological Science, 22(2), 82-87. 

Chick, C. F., & Reyna, V. F. (2012). A fuzzy trace theory of adolescent risk taking: Beyond self-

control and sensation seeking. In V. F. Reyna, S. Chapman, M. Dougherty, & J. Confrey 

(Eds.), The adolescent brain: Learning, reasoning, and decision making (pp. 379–428). 

Washington DC: American Psychological Association. 

Chick, C. F., Reyna, V. F., & Corbin, J. C. (in press).  Does linguistic ambiguity explain risky 

choice framing effects?  Journal of Experimental Psychology: Learning Memory and 



 
 
 

   39 

Cognition. 

Clark, H. H., & Clark, E. V. (1977). Psychology and language. New York: Harcourt Brace 

Jovanovich. 

Corbin, J. C., Russo, J. E., & Reyna, V. R. (2014). Cognitive consistency, individual differences, 

and the risky-choice framing bias.  Manuscript in preparation. 

De Martino, B., Harrison, N. A., Knafo, S., Bird, G., & Dolan, R. J. (2008). Explaining enhanced 

logical consistency during decision making in autism. The Journal of Neuroscience, 28(42), 

10746-10750. 

De Neys, W. (2006). Dual processing in reasoning two systems but one reasoner. Psychological 

Science, 17(5), 428-433. 

De Neys, W., & Vanderputte, K. (2011). When less is not always more: stereotype knowledge 

and reasoning development. Developmental Psychology, 47(2), 432. 

Epstein, L. G., & Zin, S. E. (2001). The independence axiom and asset returns. Journal of 

Empirical Finance, 8(5), 537-572. 

Evans, Jonathan St. B. T., & Stanovich, K. (2013). Dual process theories of higher cognition: 

Advancing the debate. Perspectives on Psychological Science, 8, 223-241. 

Fisher, R. P., & Chandler, C. C. (1991). Independence between recalling interevent relations and 

specific events. Journal of Experimental Psychology: Learning, Memory, & Cognition, 17, 

722-733. 

Fischer, G. W., & Hawkins, S. A. (1993). Strategy compatibility, scale compatibility, and the 

prominence effect. Journal of Experimental Psychology: Human Perception and 

Performance, 19(3), 580.Frenda, S. J., Nichols, R. M., & Loftus, E. F. (2011). Current issues 

and advances in misinformation research. Current Directions in Psychological Science, 20(1), 



 
 
 

   40 

20-23. 

Fraenkel, L., Peters, E., Charpentier, P., Olsen, B., Errante, L., Schoen, R., & Reyna, V.F. 

(2012). A decision tool to improve the quality of care in Rheumatoid Arthritis. Arthritis Care 

& Research 64(7), 977-985. doi: 10.1002/acr.21657 

Gallo, D. A., & Roediger, H. L.  (2003).  Variability among word lists in eliciting memory 

illusions: evidence for associative activation and monitoring.  Journal of Memory and 

Language, 47, 469-497. 

Gomes, C. F. A., & Brainerd, C. J. (2014).  Dual processes in the development of reasoning: The 

memory side of the theory.  In P. Barrouillet & C. Gauffroy (Eds.), The development of 

thinking and reasoning. Hove, UK: Psychology Press. 

Henrich, J., Heine, S., & Norenzayan, A. (2010). The weirdest people in the world? Behavioral 

and Brain Sciences, 33 (2-3), 61-83 DOI: 10.1017/S0140525X0999152X 

Huber, J., Payne, J. W., Puto, C. (1982).  Adding asymmetrically dominated alternatives: 

Violations of regularity and the similarity hypothesis. Journal of Consumer Research, 9, 90–

98. 

IOM (Institute of Medicine) and NRC (National Research Council). (2011). The science of 

adolescent risk-taking: Workshop report. Committee on the Science of Adolescence. 

Washington, DC: The National Academies Press. Retrieved from 

http://www.nap.edu/openbook.php?record_id=12961 

Jacobs, J. E., & Potenza, M. (1991). The use of judgement heuristics to make social and object 

decisions: A developmental perspective. Child Development, 62(1), 166-178. 

Jasper, J. D., Bhattacharya, C., Levin, I. P., Jones, L., & Bossard, E. (2013). Numeracy as a 

predictor of adaptive risky decision making. Journal of Behavioral Decision Making, 26(2), 



 
 
 

   41 

164-173. 

Kahneman, D. (2003). A perspective on judgment and choice: mapping bounded rationality. 

American Psychologist, 58(9), 697. 

Kahneman, D., & Tversky, A. (1979). Prospect theory: An analysis of decision under risk. 

Econometrica, 47, 263–291. doi: 10.2307/1914185 

Kogut, T., & Ritov, I. (2005). The “identified victim” effect: An identified group, or just a single 

individual? Journal of Behavioral Decision Making, 18, 157–167. 

Kogut, T., Slovic, P., & Vastfjall, D. (2014). Understanding the developmental sources of scope 

insensitivity in sharing behavior. Manuscript submitted for publication. 

Kosslyn, S. M., Ball, T. M., & Reiser, B. J. (1978). Visual images preserve metric spatial 

information: evidence from studies of image scanning. Journal of Experimental Psychology: 

Human Perception and Performance, 4(1), 47. 

Kőszegi, B., & Szeidl, A. (2013). A model of focusing in economic choice. The Quarterly 

Journal of Economics, 128(1), 53-104. 

Kühberger, A., & Gradl, P. (2013). Choice, rating, and ranking: Framing effects with different 

response modes. Journal of Behavioral Decision Making, 26, 109-117. doi: 10.1002/bdm.764 

Kuhberger, A., & Tanner, C. (2010). Risky choice framing: Task versions and a comparison of 

prospect theory and fuzzy-trace theory. Journal of Behavioral Decision Making, 23(3), 314-

329. doi: 10.1002/bdm.656  

LeBoeuf, R. A., & Shafir, E. (2003). Deep thoughts and shallow frames: On the susceptibility to 

framing effects. Journal of Behavioral Decision Making, 16(2), 77-92. 

Lerner, J. S., & Keltner, D. (2001). Fear, anger, and risk. Journal of Personality and Social 

Psychology, 81(1), 146. 



 
 
 

   42 

Levin, I. P, McElroy, T., Gaeth, G. J.,  Hedgcock, W., & Denburg, N. L.  (2014).  Behavioral and 

neuroscience methods for studying neuroeconomic processes: What we can learn from 

framing effects In V.F. Reyna & V. Zayas (Eds), The neuroscience of risky decision making, 

(pp. 43-69). American Psychological Association.   

Liberali, J. M., Reyna, V. F., Furlan, S., Stein, L. M., & Pardo, S. T. (2012). Individual 

differences in numeracy and cognitive reflection, with implications for biases and fallacies in 

probability judgment. Journal of Behavioral Decision Making, 25(4), 361-381. 

Machina, M. J. (1982). " Expected Utility" Analysis without the independence axiom. 

Econometrica: Journal of the Econometric Society, 277-323. 

Mather, M., Mazar, N., Gorlick, M. A., Lighthall, N. R., Burgeno, J., Schoeke, A., & Ariely, D. 

(2012). Risk preferences and aging: The “certainty effect” in older adults' decision making. 

Psychology and Aging, 27(4), 801. 

McGeown, S. P., Gray, E. A., Robinson, J. L., & Dewhurst, S. A. (2014). What factors underlie 

children’s susceptibility to semantic and phonological false memories? Investigating the roles 

of language skills and auditory short-term memory. Cognition, 131(3), 323-329. 

McKenzie, C. R. (2004). Framing effects in inference tasks—and why they are normatively 

defensible. Memory & Cognition, 32(6), 874-885. 

Medin, D. L., Goldstone, R. L., & Markman, A. B. (1995). Comparison and choice: relations 

between similarity processes and decision processes. Psychonomic Bulletin & Review, 2, 1-

19. 

Miller, H., Odegard. T., & Allen, G. (In press).  Evaluating information processing in autism 

spectrum disorder: The case for fuzzy trace theory.  Developmental Review.   

Miller, M.B., Valsangkar-Smyth, M., Newman, S., Dumont, H., Wolford, G. (2005). Brain 



 
 
 

   43 

activations associated with probability matching. Neuropsychologia, 43, 1598–1608. 

Mills, B., Reyna, V. F., & Estrada, S. (2008). Explaining contradictory relations between risk 

perception and risk taking. Psychological Science, 19(5), 429-433. 

Moffitt, T. E. (2003). Life-course-persistent and adolescence-limited antisocial behavior: a 10-

year research review and a research agenda. In B.B. Lahey (Ed); T.E. Moffitt (Ed); A. Caspi 

(Ed), Causes of conduct disorder and juvenile delinquency, (pp. 49-75). New York, NY: 

Guilford Press. 

Nikiforidou, Z., & Pange, J. (2010). The notions of chance and probabilities in preschoolers. 

Early Childhood Education Journal, 38(4), 305-311. 

Payne, J. D., Stickgold, R., Swanberg, K., & Kensinger, E. A. (2008). Sleep preferentially 

enhances memory for emotional components of scenes. Psychological Science, 19(8), 781-

788. 

Peters, E., Västfjäll, D., Slovic, P., Mertz, C. K., Mazzocco, K., & Dickert, S. (2006). Numeracy 

and decision making. Psychological Science, 17(5), 407-413. 

Pothos, E. M., Busemeyer, J. R., & Trueblood, J. S. (2013). A quantum geometric model of 

similarity. Psychological Review, 120, 679-696. 

Reyna, V. F. (1991). Class inclusion, the conjunction fallacy, and other cognitive illusions. 

Developmental Review, 11, 317-336. 

Reyna, V. F. (2008). A theory of medical decision making and health: fuzzy trace theory. 

Medical Decision Making, 28(6), 850-865. 

Reyna, V. F. (2012a). A new intuitionism: Meaning, memory, and development in Fuzzy-Trace 

Theory. Judgment & Decision Making, 7(3). 

Reyna, V. F. (2012b). Risk perception and communication in vaccination decisions: A fuzzy-



 
 
 

   44 

trace theory approach. Vaccine, 30(25), 3790-3797. 

Reyna, V. F. (2013). Intuition, reasoning, and development: A fuzzy-trace theory approach. In P. 

Barrouillet & C. Gauffroy (Eds.), The development of thinking and reasoning (pp.193-220). 

Hove, UK: Psychology Press.  

Reyna, V. F., & Adam, M. B. (2003). Fuzzy‐Trace Theory, Risk Communication, and Product 

Labeling in Sexually Transmitted Diseases. Risk Analysis, 23(2), 325-342. 

Reyna, V. F., & Brainerd, C. J. (1991). Fuzzy‐trace theory and framing effects in choice: Gist 

extraction, truncation, and conversion. Journal of Behavioral Decision Making, 4(4), 249-

262. 

Reyna, V. F., & Brainerd, C. J. (1994). The origins of probability judgment: a review of data and 

theories. In G. Wright & P. Ayton (Eds.), Subjective probability (pp. 239-272). New York, 

NY: Wiley. 

Reyna, V. F., & Brainerd, C. J. (1995). Fuzzy-trace theory: An interim synthesis. Learning and 

Individual Differences, 7(1), 1-75. 

Reyna, V. F., & Brainerd, C. J. (1998). Fuzzy-trace theory and false memory: New frontiers. 

Journal of Experimental Child Psychology, 71(2), 194-209. 

Reyna, V. F., & Brainerd, C. J. (2008). Numeracy, ratio bias, and denominator neglect in 

judgments of risk and probability. Learning and Individual Differences, 18(1), 89-107. 

Reyna, V. F., & Brainerd, C. J. (2011). Dual processes in decision making and developmental 

neuroscience: A fuzzy-trace model. Developmental Review, 31(2), 180-206. 

Reyna, V. F., Chapman, S. B., Dougherty, M. R., & Confrey, J. E. (2012). The adolescent brain: 

Learning, reasoning, and decision making. American Psychological Association. 

Reyna, V. F., Chick, C. F., Corbin, J. C., & Hsia, A. N. (2014). Developmental reversals in risky 



 
 
 

   45 

decision making intelligence agents show larger decision biases than college students. 

Psychological Science, 25(1), 76-84. 

Reyna, V. F., Croom, K., Staiano-Coico, L., Lesser, M. L., Lewis, D., Frank, J., & Marchell, T. 

C. (2013). Endorsement of a personal responsibility to adhere to the minimum drinking age 

law predicts consumption, risky behaviors, and alcohol-related harms. Psychology, Public 

Policy, and Law, 19(3), 380. 

Reyna, V. F., & Ellis, S. C. (1994). Fuzzy-trace theory and framing effects in children's risky 

decision making. Psychological Science, 5(5), 275-279. 

Reyna, V. F., Estrada, S. M., DeMarinis, J. A., Myers, R. M., Stanisz, J. M., & Mills, B. A. 

(2011). Neurobiological and memory models of risky decision making in adolescents versus 

young adults. Journal of Experimental Psychology: Learning, Memory, and Cognition, 37(5), 

1125. 

Reyna, V. F., & Farley, F. (2006). Risk and rationality in adolescent decision making 

implications for theory, practice, and public policy. Psychological Science in the Public 

Interest, 7(1), 1-44. 

Reyna, V. F., Hans, V. P., Corbin, J. C., Yeh, R., Lin, K., Royer, C. (in press). The gist of juries: 

Testing a model of damage award decision making. Psychology, Public Policy, and Law. 

Reyna, V. F., Holliday, R., & Marche, T. (2002). Explaining the development of false memories. 

Developmental Review, 22(3), 436-489. 

Reyna, V. F. & Huettel, S. A. (2014).  Reward, representation, and impulsivity: A theoretical 

framework for the neuroscience of risky decision making.  In V.F. Reyna & V. Zayas (Eds), 

The neuroscience of risky decision making, (pp. 11–42). American Psychological Association. 

Reyna, V. F., & Lloyd, F. J. (2006). Physician decision making and cardiac risk: effects of 



 
 
 

   46 

knowledge, risk perception, risk tolerance, and fuzzy processing. Journal of Experimental 

Psychology: Applied, 12(3), 179. 

Reyna, V. F., Lloyd, F. J., & Brainerd, C. J. (2003). Memory, development, and rationality: An 

integrative theory of judgment and decision making. Emerging Perspectives on Judgment and 

Decision Research, 201-245. Reyna, V. F., & Mills, B. A. (2007). Interference processes in 

fuzzy-trace theory: Aging, Alzheimer's disease, and development. In C. MacLeod & D. 

Gorfein (Eds.), Inhibition in cognition (pp. 185-210). Washington: APA Press.  

Reyna, V. F., & Mills, B. A. (2014).  Theoretically motivated interventions for reducing sexual 

risk taking in adolescence:  A randomized controlled experiment applying fuzzy-trace theory.  

Journal of Experimental Psychology: General, 143(4), 1627-48. 

Reyna, V. F., Mills, B. A., Estrada, S. M., & Brainerd, C. J. (2007). False memory in children: 

Data, theory, and legal implications. In M. P. Toglia, J. D. Read, D. F. Ross, & R. C. L. 

Lindsay (Eds.), The handbook of eyewitness psychology: Memory for events (pp. 473-510).  

Mahwah, NJ: Erlbaum. 

Reyna, V. F., Nelson, W. L., Han, P. K., & Dieckmann, N. F. (2009). How numeracy influences 

risk comprehension and medical decision making. Psychological Bulletin, 135(6), 943. 

Rivers, S. E., Reyna, V. F., & Mills, B. (2008). Risk taking under the influence: A fuzzy-trace 

theory of emotion in adolescence. Developmental Review, 28(1), 107-144. 

Russo, J. E., Carlson, K. A., Meloy, M. G., & Yong, K. (2008). The goal of consistency as a 

cause of information distortion. Journal of Experimental Psychology: General, 137, 456-470. 

Shafir, E., & LeBoeuf, R. A. (2002). Rationality. Annual Review of Psychology, 53, 491–517. 

Slovic, P. (1995). The construction of preference. American Psychologist, 50(5), 364. 

Slovic, P. & Lichtenstein, S. (1983). Preference reversals: A broader perspective. American 



 
 
 

   47 

Economic Review, 73, 596-605. 

Stadler, M. A., Roediger, H. L., & McDermott, K. B. (1999). Norms for word lists that create 

false memories. Memory & Cognition, 27(3), 494-500. 

Stanovich, K. E., & West, R. F. (2008). On the relative independence of thinking biases and 

cognitive ability. Journal of Personality and Social Psychology, 94(4), 672. 

Steinberg, L. (2008). A social neuroscience perspective on adolescent risk-taking. 

Developmental Review, 28(1), 78-106. 

Stickgold, R. (2005). Sleep-dependent memory consolidation. Nature, 437(7063), 1272-1278. 

Stone, E. R., Yates, J. F., & Parker, A. M. (1994). Risk communication: Absolute versus relative 

expressions of low-probability risks. Organizational Behavior and Human Decision 

Processes, 60(3), 387-408. 

Strough, J., Karns, T. E., & Schlosnagle, L. (2011). Decision‐making heuristics and biases across 

the life span. Annals of the New York Academy of Sciences, 1235(1), 57-74. 

Téglás, E., Girotto, V., Gonzalez, M., & Bonatti, L. L. (2007). Intuitions of probabilities shape 

expectations about the future at 12 months and beyond. Proceedings of the National Academy 

of Sciences, 104(48), 19156-19159. 

Tversky, A. & Kahneman, D. (1983). Extension versus intuitive reasoning: The conjunction 

fallacy in probability judgment. Psychological Review, 90 293–315. doiyes:10.1037/0033-

295X.90.4.293. 

Tversky, A., & Kahneman, D. (1986). Judgment under uncertainty: Heuristics and biases. 

Judgment and decision making: An interdisciplinary reader, 38-55. 

Ungemach, C., Stewart, N., & Reimers, S. (2011). How incidental values from our environment 

affect decisions about money, risk, and delay. Psychological Science, 22, 253-260. 



 
 
 

   48 

Van Duijvenvoorde, A. C., Jansen, B. R., Bredman, J. C., & Huizenga, H. M. (2012). Age-

related changes in decision making: Comparing informed and noninformed situations. 

Developmental Psychology, 48(1), 192. 

Vlaev, I., Chater, N., & Stewart, N. (2009). Relativistic financial decisions: Context effects on 

retirement saving and investment risk preferences.(vol 2, pg 292, 2007). JUDGM DECIS 

MAK, 4(1). 

Weekes, B.S., Hamilton, S., Oakhill, J.V., & Holliday, R.E. (2008). False Recollection in 

Children with Reading Comprehension Difficulties. Cognition, 106(1), 222-233. 

Weldon, R.B., Corbin, J.C., & Reyna, V.F. (2013). Gist processing in judgment and decision 

making: Developmental reversals predicted by fuzzy-trace theory. In H. Markovits (Ed.), 

Understanding the Development of Reasoning and Decision-Making. Psychology Press. 

Weller, J. A., Levin, I. P., & Denburg, N. L. (2009). Trajectory of adaptive decision making for 

risky gains and losses from ages 5 to 85. Journal of Behavioral Decision Making, 22, 1-14. 

Weller, J. A., Levin, I. P., and Denburg, N. L. (2011). Trajectory of risky decision making for 

potential gains and losses from ages 5 to 85.  Journal of Behavioral Decision Making, 24, 

331-344. 

Wertheimer, M. (1982). Productive thinking, enlarged edition, Phoenix edition. Chicago: 

University of Chicago Press. 

Wilhelms, E. A., Reyna, V. F., Brust-Renck, P., Weldon, R. B., & Corbin, J. C. (2014). Gist 

representations and communication of risks about HIV-AIDS:  A fuzzy-trace theory 

approach.  Manuscript submitted for publication. 

Wolfe, C. R., & Fisher, C. R. (2013). Individual differences in base rate neglect: A fuzzy 

processing preference index. Learning and Individual Differences, 25, 1-11. 



 
 
 

   49 

 
 
 
Figure 1.  Proportion of risky choices for college students, post-college age adults, and post-
college age intelligence experts across the three truncations of the risky-choice framing 
problems.   
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Figure 2. Regression line (with 95% confidence intervals) of acceptance rates for related 
distractors in a Deese-Roediger-McDermott memory task predicting framing scores, controlling 
for acceptance rates for targets and bias (i.e., acceptance rates for unrelated distractors).   
  



 
 
 

   51 

CHAPTER 3 

 

Abstract 

 The risky-choice framing bias is the reversal of preference when identical alternatives are 

presented as gains and as losses.  Past research has shown that individuals will reverse 

preferences for identical problems even when presented with both versions (gain and loss).  The 

current study tests theoretically motivated mechanisms for avoiding and promoting this bias.  

First, we determine the role of cognitive consistency in risky-choice framing.  Second, we take 

an individual differences approach to test predictions that reliance on precise numerical 

representations should lead to reduced framing, and reliance on gist representations should 

promote framing.  Subjects were given ten risky-choice framing problems – half in the gain 

frame, half in the loss frame.  They also received a memory task, which measured true and false 

memory (corresponding to verbatim and gist processing); we also controlled for response bias.  

We measured individual differences in numeracy, need for cognition, categorical gist reasoning, 

and decision timing.  The experiment also included a manipulation known to increase activation 

of the goal of cognitive consistency.  Activation of the consistency goal led to a shift in risk-

preference toward the initially presented frame (more risk-aversion overall when gains were 

presented first and more risk-seeking when losses were first), but had little effect on framing.  

Results revealed that measures related to reliance on precise representations (numeracy and 

acceptance rate for targets) predicted reduced framing and measures related to reliance on gist 

(categorical gist reasoning and false memory) predicted larger framing effects.  There was no 

effect of deliberation or need for cognition.  Implications for dual-process theory accounts of 

intuition are discussed.  
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Cognitive Consistency, Individual Differences, and the Risky-Choice Framing Bias 

A common criterion of rationality is that people’s preferences and decisions should pass 

certain tests of consistency or invariance (Kahneman, 2003; Tversky & Kahneman, 1986).  

Decision-making research has demonstrated that superficial changes in how information is 

presented lead individuals to reverse their preferences.  A familiar demonstration is the risky-

choice framing effect. When two options with equivalent expected values are described in terms 

of gains, people tend to be more risk-averse; but framing the identical decision in terms of losses 

leads to more risk-seeking (Reyna, 2012; Tversky & Kahneman, 1981).  This preference reversal 

has been shown to be relevant to real world risky decision-making (Reyna et al., 2011) and has 

been demonstrated in numerous samples including college students, adults, and experts (Reyna, 

Corbin, Chick, & Hsia, 2014). 

 Theoretical Approaches to Framing Effects 

 One of the dominant theories predicting risky-choice framing effects is fuzzy-trace theory 

(FTT; Reyna, 2012; Reyna & Brainerd, 2011).  Fuzzy-trace theory is a dual process theory of 

memory and decision-making, which posits that the brain encodes, stores, and retrieves 

representations of experience with two distinct mental processes, called verbatim and gist 

(Reyna, et al., 2011).  Verbatim processing is exact and quantitative in nature – relying on the 

precise representations of information in memory.  Although verbatim representations reflect the 

detailed, surface-form of information, they are also fragile, and easily disrupted by interference.  

In contrast, gist processing is vague and qualitative – relying on memory traces that reflect the 

bottom-line meaning of information (as informed by one’s own experience, values and beliefs; 

Reyna & Casillas, 2009; Reyna et al., 2014).  Gist representations are long-lasting, and robust to 

interference.  FTT has demonstrated independence between these two types of processing in 
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memory as well as reasoning paradigms (Reyna, 2012).  Furthermore, gist and verbatim 

processing have been shown to follow separate developmental trajectories, with verbatim 

processing developing more quickly as compared to gist, which continues to develop with age 

and experience (Brainerd, Reyna, & Ceci, 2008; Reyna & Brainerd, 1991; Reyna, et al., 2011; 

Reyna & Farley, 2006).   

 Fuzzy-trace theory predicts that risky-choice framing effects are the result of gist-

processing – specifically relying on the categorical some-none distinction that exists between 

options (Reyna, et al., 2011).  For example, in a problem whereby 600 lives are at risk, and an 

individual must choose between saving 200 people for sure, or a 1/3 chance of saving 600 people 

and 2/3 chance of saving no-one, FTT predicts that people will rely on the comparison of some 

being saved for sure versus the chance of none being saved and prefer the sure option.  If the 

same problem were framed in terms of losses (e.g., 400 lives lost or 2/3 chance 600 lost and 1/3 

chance no-one lost), individuals would interpret this in terms of losing some people for sure 

versus a chance of losing no-one, and prefer the risky-option.  In contrast to gist-processing, 

reliance on verbatim processing does not result in the standard framing pattern.  Verbatim 

processing does not interpret the meaning conveyed by the opposing frames, but rather focuses 

on the trading off of risks and benefits with respect to the quantitative information at hand. 

A large amount of evidence has been gathered supporting FTT predictions with respect to 

how to increase or decrease the size of framing effects based on preferential cuing of gist versus 

verbatim processing.  Specifically, when the categorical some-none distinction between options 

is emphasized (cuing the gist of the problem), framing effects increase, and when this distinction 

is de-emphasized (cuing verbatim processing), framing effects are eliminated (Kuhberger & 

Tanner, 2010; Reyna & Brainerd, 1991; Reyna, et al., 2014).  Furthermore, research has shown 
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that framing effects grow larger with age and experience (reflecting the increase in gist-reliance 

with development; Reyna & Ellis, 1994; Reyna, et al., 2014).  The breadth of FTT is 

demonstrated by the fact that this effect has also been shown in memory research whereby 

increases in gist-reliance with age and experience result in higher levels of false memory 

(Brainerd, Reyna, & Zember, 2010). 

 Although the original framing studies used between-subjects designs (e.g., Tversky & 

Kahneman, 1981), other studies have used within-subject designs. In the latter studies, each 

subject receives both gain and loss frames, and bias is measured as the proportion of choices for 

which subjects change their preferred alternative between frames (e.g., Levin, Gaeth, Schreiber, 

& Lauriola, 2002).  One difference between these two experimental paradigms is the role of 

cognitive ability. Between-subjects designs have failed to demonstrate consistent relationships 

between cognitive ability and framing, sometimes demonstrating no relationship (Stanovich and 

West, 2008) and in other cases even larger framing effects in those with higher cognitive ability 

(Corbin, McElroy, & Black, 2010; also see Corbin, Liberali, Reyna, & Brust-Renck, in press). In 

contrast, within-subjects designs have shown that higher cognitive ability consistently predicts 

smaller framing effects (Bruine de Bruin, Parker, & Fischhoff, 2012; Del Missier, Mäntylä, & 

Bruine de Bruin, 2012; Del Missier, et al., 2013; Parker & Fischhoff, 2005; Toplak, West, & 

Stanovich, 2013).  Also, subjects high in need for cognition and who have also been prompted to 

justify their decisions have also demonstrated reduced within-subject framing, but not between-

subject framing (LeBoeuf & Shafir, 2003).   

These individual differences findings support the hypothesis that avoiding within-subject 

framing effects involves recognition that the frames are numerically equivalent and inhibition of 

one’s initial (frame consistent) response.  Traditional dual process theories, which posit two 
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cognitive systems – the first relying on fast, automatic, intuitive processing and the second which 

relies on deliberative, working memory taxing processing (Kahneman, 2002; Evans & Stanovich, 

2013), predict that the ability to resist within-subject framing is due to System 2 overriding the 

intuitive response of System 1.  According to these dual process theories, this override process 

requires monitoring (to recognize the violation of consistency between frames; Stanovich & 

West, 2008), inhibition (of an emotion-driven intuitive response; DeMartino, Kumaran, 

Seymour, & Dolan, 2006) and deliberation (Del Missier, et al., 2013; LeBouef & Shafir, 2003).   

Fuzzy-trace theory also incorporates a role for inhibition and monitoring in its model, but 

rather than treating them as an aspect of System 2 processing, fuzzy-trace theory considers these 

to be independent from gist and verbatim processes (Corbin, Liberali, Reyna, Brust-Renck, 

2015).  In other words, it is possible for inhibition and monitoring to lead to reliance on gist as 

well as verbatim processing, depending on the task.  Therefore, whereas traditional dual-process 

theories assume that resisting within-subjects framing is cognitively demanding (relying on a 

more advanced System 2), this is not necessarily the case for fuzzy-trace theory.  Although one 

may come to resist these effects through monitoring and inhibition, fuzzy-trace theory also 

accounts for the fact that individuals relying on verbatim processing will have no need for 

executive processes, as they will be more likely to automatically see each frame as equivalent.  

Furthermore, individuals who rely more on gist may very well have access to the precise 

numerical amounts in each framing problem, but will nevertheless rely on the gist of each 

problem, and therefore show larger within-subjects framing effects.  

 Cognitive Consistency  

 Although the area of judgment and decision-making has put a lot of effort in studying the 

conditions under which individual’s maintain consistent preferences, as well as when consistency 
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is violated, remarkably little research has focused on the role of consistency as a goal in 

judgment and decision-making.  Research on cognitive consistency has a rich past (see Simon, 

Snow, & Read, 2004), and has continued under a number of names including coherence 

(Holyoak & Simon, 1999; Glockner, Betsch, & Schindler, 2010; Thagard, 2000), compatibility 

(Goertzel, 1994), and balance (Cvencek, Greenwald, & Meltzoff, 2012; Langer, Walther, 

Gawronski, & Blank, 2011).  Although there are many perspectives on cognitive consistency, the 

current paper adopts the perspective of consistency as a goal in itself (Fishbach & Ferguson, 

2007; Russo, Carlson, Meloy, & Young, 2008).  Moreover, recent research has demonstrated that 

the goal of consistency can be manipulated through priming techniques, increasing activation of 

this goal without the participant’s knowledge (thus avoiding demand effects; Custers & Aarts 

2010).  New techniques for priming cognitive consistency allows for experiments that can test 

for relationships between consistency as a goal and tasks that use consistency as a metric in 

decision-making in order to measure bias (Chaxel, Russo, & Wiggins, 2015; Russo, 2015). 

 In addition to testing theoretical predictions for within-subject framing effects, this study 

tests the role of the goal of cognitive consistency in framing.  There are two potential roles for 

cognitive consistency in this framing paradigm.  The first is that activation of the goal will 

increase the likelihood that individuals recognize the consistency violation inherent in a within-

subjects framing task and therefore demonstrate smaller framing effects.  This hypothesis hinges 

on the fact that activating the goal of consistency will lead to improved detection of the violation 

of logical consistency in the task.  Given that the priming task for goal activation has been shown 

to activate the goal without conscious awareness, biasing individuals to maintain consistency 

with their own beliefs (rather than logical consistency; Carlson, Tanner, Meloy, & Russo, 2014), 

a second potential hypothesis exists for the role of the consistency goal in framing.  Rather than 
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increasing the likelihood that one maintains consistent decisions across frames, priming 

consistency may simply shift overall risk preferences to be more consistent with the initially 

presented frame.  In other words, if one receives the gain frame first risk preference across all 

consecutive gain and loss problems will be more consistently risk-averse (or more risk-seeking if 

the loss frame is initially presented).  This second hypothesis, however, does not necessitate a 

reduction in overall framing effects, as decisions in both frames can shift in the direction of the 

initially presented frame, but still shift in accordance with standard framing.   

Previous work on information distortion supports the latter hypothesis –with priming 

consistency resulting in greater support for one’s initially preferred option (Russo, 2015).  

Furthermore, the first hypothesis would suggest that priming consistency may increase decision 

times, given that increased activation of the goal would lead to conscious recognition of the 

consistency violation between frames.  Alternatively, the second hypothesis suggests that 

priming consistency would reduce decision times, given that participants are simply making 

decisions that conform to their initial risk-preferences.         

In the current study we test multiple mechanisms hypothesized to underlie within-subject 

framing effects.  First, we examine the role of cognitive consistency in within-subjects framing 

in order to determine if priming the unconscious goal will lead to more conscious awareness of 

the consistency violation within the task, or if it will simply shift risk preferences in the direction 

of the initial frame.  Second, we compare fuzzy-trace theory and traditional dual process theory 

predictions for mechanisms underlying within-subject framing.  Both theories suggest that 

reliance on precise representations of the numerical problem information will lead to smaller 

framing effects (Corbin, et al., in press; Del Missier, et al., 2013; De Martino, et al., 2006; 

Kahneman & Frederick, 2007; McElroy & Seta, 2003).  Those individuals who are more likely 
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to rely on precise representations of decisions should be more likely to notice the equivalency 

between frames, and therefore will maintain consistent decision-making.  However, unlike 

traditional dual-process theories, fuzzy-trace theory does not require that more deliberation is 

needed to resist framing than to promote framing.  Furthermore, fuzzy-trace theory predicts that 

gist is actually an advanced form of processing, and that framing effects are driven by reliance 

on categorical gist representations of the problem information.   

Therefore, in the current experiment we measure individual differences in numeracy, 

categorical thinking, as well as individual differences in both true (verbatim) memory and false 

(gist) memory, accounting for response bias (i.e., an individual’s general propensity for 

accepting a memory item as having been presented earlier).  Individual differences in numeracy 

and memory for targets to account for the hypothesis that reliance on precise representations of 

numerical information should encourage less within-subjects framing.  Numeracy provides a 

more precise measurement of attention to numeric information (Peters et al., 2006) whereas 

acceptance of targets measures one’s overall propensity to recall verbatim traces.  We also 

measure individual differences in categorical gist and false memory to account for the hypothesis 

that within-subjects framing is due to reliance on gist representations.  Like numeracy, 

categorical gist provides measurement of the specific type of processing hypothesized to occur in 

framing whereas false memory measures a more generalized tendency to rely on gist.  Finally, 

we measure both need for cognition (Cacioppo & Petty, 1982) as well as the amount of time it 

takes for subjects to make a decision in order to determine whether there is a role of deliberation 

in resisting within-subjects framing effects. 

 In summary, the current experiment examines multiple mechanisms by which within-

subjects framing effects may occur and be avoided.  Specifically, we test whether the goal of 
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cognitive consistency can increase the likelihood of recognizing the consistency violation 

inherent to the task.  We also measure individual differences in numeracy and acceptance rate for 

presented targets (reflecting verbatim processing) in order to determine whether reliance on 

precise memory representations of problem information leads to reduced framing.  In order to 

determine the role of gist in framing, we measure individual differences in categorical gist 

thinking as well as false memory (reflecting reliance on gist representations).  Finally, we 

measure need for cognition and deliberation time to determine whether amount of processing 

leads to reduced framing. 

Method 

Subjects 

 Through Amazon Mechanical Turk 207 subjects were recruited and paid $1.00 for 

approximately 45 minutes of participation.  Six subjects failed to complete the study, therefore 

leaving the sample at 201 (49.80% Female; MAGE = 35.22, SD = 12.08).  The sample was: 82.5% 

White; 4.5% African-American; 5.0% Asian; 4.5% Asian Indian; 3% Mixed, and 0.5% Other.  A 

total of 6.0% of the sample was of Hispanic, Latino, or Spanish origin.  The majority of the 

sample (96.0%) claimed United States citizenship and 97.0% indicated that English was their 

first learned language.  In addition, 89.6% of the sample had at least some college experience.  

All subjects gave consent to participate in this study and certified that they were at least 18-

years-old. 

Materials and Procedure 

 Cognitive Consistency Prime.  In order to prime the goal of consistency, we used a 

method recently developed by Chaxel, Russo, and Wiggins (2015). Subjects were instructed to 

write for 3 minutes to resolve the following conundrum: Why did international aid organizations 
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receive from all around the globe $500 million for relief of the Haiti earthquake in January of 

2010 but only $5 million for the more devastating floods in Pakistan that May? The difficulty in 

resolving the two inconsistent (but true) facts should have raised the activation of the goal of 

cognitive consistency, and this activation should have carried over to the immediately 

subsequent task (Förster et al., 2007). In our study, this task was a set of decisions under the gain 

and loss frames.  The conundrum-based priming technique has been validated using a number of 

measures, including faster response times to consistency-related words, self-reported goal 

activation levels, and increased bias in consistency-driven decision tasks (Chaxel et al., 2015; 

Russo, 2015; Russo et al., 2008).   

Subjects who did not receive the consistency prime completed a related control task, a 

“half conundrum,” in which they were given 3-minutes to explain why only one of the two facts 

in the conundrum was true (e.g., why aid organizations received $500 million for Haiti in the 

weeks after the January 2010 earthquake).  In addition, previous work has shown that a delay 

that frustrates goal attainment should further increase its level of activation (Bargh, Gollwitzer, 

Lee-Chai, Barndollar, & Troetschel, 2001; Förster et al., 2007).  Therefore, a 3-minute filler task 

in which subjects were prompted to write in detail about something that happened to them 

recently was given immediately after the conundrum task in the primed condition and the half 

conundrum task in the control condition.    

 Framing Task.  Subjects made five decisions framed as gains and the same five 

decisions framed as losses, for a total of 10 decisions.  All framing problems were adapted from 

ones previously used (Jou, Shanteau, & Harris, 1996; Reyna, Chick, Corbin, & Hsia, 2014), and 

all dealt with a specific number of lives at risk, viz., 60, 600, 1,000, 2,000, or 10,000 lives.  

Subjects were given either the set of five gain problems first followed by the same five problems 
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in the loss frame or the set of five loss problems first (followed by gain).  Within each frame, the 

order of problems was randomized, and each problem was presented on a separate screen.  After 

every framing problem, subjects were asked to rate their decision confidence from 1 (not at all 

confident) to 7 (completely confident).  Confidence was measured to account for the possible 

criticism that individuals may not have a strong preference between options, and therefore the 

effect of frame is slight due to ambivalence.  Subjects’ mean decision confidence (4.82; SD = 

1.25) indicated that, on average, participants were acceptably confident in their decisions.   

Furthermore, the amount of time (in seconds) required in order to make a decision, rate 

confidence, and move to the next page was measured.  The average time for the ten decisions 

was then taken as a measure of deliberation (M = 18.92, SD = 9.97).  Finally, to address the 

possibility that subjects would not accept the exact number of lives saved or lost in each problem 

(Mandel, 2013), the following instructions were given to subjects before the problems 

themselves: 

“Your estimate of the likelihood of the occurrence of some event should be strictly based on the 

probabilities given you in each problem, not based on your personal intuitions or experience 

about the likelihood of a specified event.  Please assume that all numbers given to you are 

exact.  This means if a problem says that there are 10 people at risk, and one option says that 5 

people will die, exactly 5 people will die (there is no possibility that fewer people or more people 

might die).” 

The example given in the instructions was framed in accordance with the frame of the initial set 

of problems. Finally, given the fact that Mechanical Turk workers tend to participate in a large 

number of studies (Chandler, Mueller, & Paolacci, 2013), we asked each subject to indicate 

whether they have seen decision problems similar to these in the past (61.3% had not).  This 
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variable made no difference in our analyses and therefore we do not discuss it further. 

 Memory Task.  The materials for the memory task included the first 10 words selected 

from six Deese-Roediger-McDermott (DRM) word lists (Deese, 1959; Roediger & McDermott, 

1995).  DRM lists consist of 15-item lists of words (e.g., hospital, gown, nurse, medicine) that 

are associates of an unpresented word (e.g., doctor) that shares numerous semantic relations with 

the rest of the list (Brainerd, Yang, Reyna, Howe, & Mills, 2008).  This procedure typically 

results in high levels of false recognition or recall for the unpresented word (i.e., the critical 

distractor).  For the current experiment, the six lists shown to elicit the highest levels of false 

memory for the critical distractor were chosen (Stadler, Roediger, & McDermott, 1999).  

According to fuzzy-trace theory, processing verbatim traces supports true memories (e.g., 

hospital) and suppresses false memories of related events (e.g., I didn’t see “doctor” because I 

remember expecting this word).  In contrast, gist traces support both acceptance of presented or 

experienced true items (e.g., hospital) and acceptance of “false” gist-consistent (in the sense of 

unpresented but consistent with presented items) items (e.g., doctor) (Brainerd et al., 2008). 

In the study phase, the first ten words in each list were presented in a random order at a 

rate of two seconds per word.  Between presentation of the six study lists and the memory test, 

subjects were given a buffer task in which for 90 sec subjects had to count backwards from 255 

in increments of 7 and type each resulting number into a form.  The memory test was recognition 

of the first, fourth, and seventh items from each list, making 18 (correct) targets.  Additionally, 

the test included three types of unpresented words as distractors. The first was a critical 

distractor, like doctor in the above example. The second was a related distractor (e.g., cure), 

which should have elicited lower levels of false memory than the critical distractor.  Finally, 12 

additional words from unpresented DRM lists served as unrelated distractors.  The resulting 18 



 
 
 

   63 

targets (Macceptance = .76, SD = .17), 6 critical distractors (Macceptance = .70, SD = .26), 6 related 

distractors (Macceptance = .21, SD = .20), and 12 unrelated distractors (Macceptance = .13, SD = .16) 

were presented at 4-second intervals to control for possible variations in response time.  

Individual Difference Measures.  The study also included individual difference 

measures that have also been hypothesized to predict framing behavior.  We included two 

measures of numeracy, the 4-item Berlin Numeracy test (M = 1.14, SD = 1.25, Cronbach’s alpha 

= .67; Cokely, Galesic, Schulz, Ghazal, Garcia-Retamero, 2012), which measures performance 

on math problems involving probability, and the subjective numeracy test (M = 4.41, SD = 1.09, 

Cronbach’s alpha = .88; Fagerlin et al., 2007), which measures individuals beliefs about their 

mathematical abilities, and their levels of comfort with numbers.  Furthermore, we included the 

Need for Cognition short form (M = 12.26, SD = 27.92, Cronbach’s alpha = .94; Cacioppo, Petty, 

& Kao, 1984) to examine the role of thinking styles (in this case, self-reported enjoyment of 

thinking), in predicting framing (one item was missing from the survey, so participants only 

received 17 items from this scale).  

Finally, we included a categorical gist thinking scale (Reyna, Brust-Renck, Portenoy, 

Gichane, & Wilhelms, 2012; Reyna, Nelson, Han, & Dieckmann, 2009), which consists of three 

items.  First, participants were asked if they would be willing to play Russian Roulette (a 1-in-6 

chance of death) for the chance of winning $1 million dollars.  Next, they were asked if they 

would play Russian Roulette for any amount of money.  Finally, they were asked if they would 

accept a 1% risk of death  if this would  allow them to instantly learn five languages.  Answering 

no (reflecting categorical thinking) was coded as 1 and yes (compensatory thinking) was coded 

as 0, and the three items were averaged together for an overall score (M = .71, SD = .33; 

Cronbach’s alpha = .67).  According to fuzzy-trace theory, individuals who are willing to take  
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those bets are relying on verbatim processing, which consists of trading off risks and benefits 

whereas those who will not take the bet are relying on categorical gist (i.e., “no amount of money 

is worth risking dying”).   

Results 

Cognitive Consistency and Framing 

 In order to determine the role of the consistency manipulation in framing, we conducted a 

full factorial Frame (Gain, Loss) X Frame Presentation Order (Gain First, Loss First) X Prime 

(Control, Consistency) mixed ANOVA with the sum of the risky choices in the gain frame and 

the loss frame as the within-subjects variable (recall that there were 5 gain problems and 5 loss 

problems total; proportion of risk seeking choices are reported in parentheses).  There was an 

overall within-subjects framing effect whereby participants made fewer risk-seeking choices in 

the gain frame (M = 1.91 (.38), SE = .12) as compared to the loss frame (M = 3.07 (.61), SE = 

.13), F(1, 197) = 95.96, p < .001, ηp
2 = .33.  We also observed a main effect of Frame 

Presentation Order such that participants showed fewer risk-seeking decisions when the gain 

frame was presented first (M = 2.15 (.43), SE = .16) compared to when the loss frame was 

presented first (M = 2.82 (.57), SE = .16), F(1, 197) = 9.21, p = .003, ηp
2 = .05.  This effect of 

frame presentation order was moderated by the priming condition, whereby only participants 

who received the consistency prime prior to the framing task showed a significant difference 

between presentation order conditions F(1, 197) = 7.40, p = .007, ηp
2 = .04 (See Figure 1).  This 

result suggests that priming resulted in an overall risk-preference shift in the direction of the 

initially presented frame.  In other words, participants in the consistency priming condition 

showed more consistent decision making with respect to the initially presented frame.  Although 

the overall difference between risk-seeking in the gain and loss frames was slightly larger in the 
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control group (MGain = 1.74 (.35), SE = .17; MLoss = 3.07 (.61), SE = .18; MLoss-Gain = 1.33, SE = 

.17; p < .001) as compared to the primed group (MGain = 2.07 (.41), SE = .17; MLoss = 3.07 (.62), 

SE = .18; MLoss-Gain = 1.00, SE = .17, p < .001), the interaction between Frame and Prime was 

non-significant, F(1, 197) = 1.87, p = .173, ηp
2 = .01.  Finally, the usual effect of presentation 

order on framing bias was observed (Reyna et al., 2011), with larger framing effects occurring 

when the gain frame was first (MGain = 1.43, SE = .17; MLoss = 2.88, SE = .18) as compared to 

when the loss frame was first (MGain = 2.38, SE = .17; MLoss = 3.26, SE = .18).    

 Another way to look at the role of consistency in risky-choice is to examine how priming 

influenced decisions for the initial frame and the second frame respectively (though the omnibus 

Frame X Prime X Frame Order 3-way interaction was not significant, these analysis allow for a 

more fine-grained understanding of how consistency influenced decisions across orders).  First, 

we conducted a Frame (Gain, Loss) X Prime (Control, Consistency) ANOVA on the total 

number of risk-seeking decisions for the first five framing problems.  As expected from the 

Frame X Frame Presentation Order interaction in the previous analysis, results showed a 

significant effect of frame, F(1, 197) = 389.07, p < .001, ηp
2 = .66.  There was also a marginal 

Frame X Prime interaction, such that primed subjects showed slightly larger between-subject 

framing effects (MGain = 1.26 (.25), SE = .25; MLoss = 3.53 (.71), SE = .23; MLoss-Gain = 2.27 (.46), p 

< .001) as compared to control subjects (MGain = 1.60 (.32), SE = .23; MLoss = 3.00 (.60), SE = .24; 

MLoss-Gain = 1.40 (.28), p < .001 ), F(1, 197) = 3.39, p = .067, ηp
2 =.02.  Next, we repeated the 

previous analysis, but used the total number of risk-seeking choices for the second five framing 

problems as our dependent variable.  This analysis yielded a marginal main effect of Frame, F(1, 

197) = 3.36, p = .069, ηp
2 =.02 .  There was also a significant Frame X Prime interaction, with 

larger framing effects in the control group (MGain = 1.88, SE = .27; MLoss = 3.13, SE = .26; MLoss-
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Gain = 1.26, p < .001), compared to the primed group, who actually showed no difference between 

frames (MGain = 2.87 (.58), SE = .26; MLoss = 2.57 (.52), SE = .27; MLoss-Gain = -0.29 (-.06), p = .43), 

F(1, 197) = 8.69, p = .004, ηp
2 =.04. 

 Finally, we examined whether priming consistency influenced the amount of time it took 

participants to make their decisions.  Judging by the previous framing results, unconscious 

activation of the consistency goal appeared to lead to an overall shift in risk preference in 

accordance with the initially presented frame as opposed to increasing the likelihood that one 

detects the consistency violation between frames.  Analysis of decision times across frames 

further supported the second hypothesis, showing that average decision times were significantly 

shorter when consistency was primed (M = 17.51, SD = 8.51) compared to when it was not (M = 

20.31, SD = 11.10), t(199) = 2.00, p = .047, Cohen’s d = .28.    

Individual Differences and Framing 

The framing bias was estimated by coding risk-seeking choices as 1 and risk-averse 

choices as 0 for each problem, then subtracting the gain frame choice from the equivalent loss 

frame choice (to ensure that we captured preference reversals for identical framing problems).  

This created five difference scores with three possible outcomes – a score of -1 means risk-

seeking in the gain frame and risk-aversion in the loss frame (a reversal of the standard framing 

pattern); a score of 0 means consistent preferences; a score of 1 means risk-aversion in the gain 

frame and risk-seeking in the loss frame (standard framing).  Then we computed a sum of the 

difference scores, resulting in an overall framing bias measure (M = 1.16, SD = 1.70), ranging 

from -5 to 5, with positive values indicating standard framing: choosing the certain option more 

often for gains and choosing the risky option for losses and negative values indicating the reverse 

(choosing the risky option more often for gain problems and the sure option more often for loss 
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problems).     

 First, we conducted bivariate correlations between all of our individual difference 

measures (and framing) to better understand the overall relationships between each measure (see 

Table 1).  As expected, objective numeracy, subjective memory, acceptance rate for targets, need 

for cognition, as well as the average amount of time spent on each decision were positively 

correlated.  Objective numeracy correlated negatively with measures of false memory and 

acceptance of unrelated distractors.  Interestingly, objective numeracy was positively correlated 

with categorical gist reasoning, despite the fact that each measure correlated in opposite 

directions with within-subjects framing.  Interestingly, none of the measures relating to math 

ability, math ability, or target acceptance were significantly correlated with framing at the 

bivariate level.  The only measure significantly correlated with framing was a positive 

relationship with categorical gist reasoning. 

Next, we tested our hypotheses for the roles of individual differences in within-subjects 

framing. For this analysis, we performed a linear regression, with the two numeracy measures, 

the categorical gist measure, the four measures of memory performance, need for cognition, and 

average decision time (see Table 2).  The analysis revealed the predicted main effects of 

objective numeracy and categorical gist thinking.  Specifically, higher numeracy predicted 

reduced framing bias.  Furthermore, as expected, greater categorical thinking predicted larger 

framing effects.  Interestingly, we also found a significant effect of gist memory such that greater 

acceptance of related distractors predicting larger framing (though this was not found for critical 

distractors), whereas greater acceptance of unrelated distractors (response bias) predicted smaller 

framing effects.   

 Priming may have influenced the relationships between cognitive ability and framing, 
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due to the fact that it had the same directional effect on framing as cognitive ability (i.e., 

decreased risk-aversion in gain problems when loss problems were initially given and increased 

risk-seeking in loss problems when gain problems were initially presented).  Therefore, priming 

would be expected to diminish the role of individual differences in cognitive ability in reducing 

framing if this were the case.   In order to test this hypothesis, we ran two regressions with the 

same predictors as before, but split by Prime (Tables 2 and 3).  Results largely conformed to 

expectations, showing significant, negative relationships between objective numeracy and 

framing as well as target acceptance and framing for the unprimed subjects, but no such effects 

for unprimed subjects.  Need for cognition, subjective numeracy, and average decision time were 

non-significant in both analyses.  As far as measures of gist, categorical gist reasoning seemed 

largely robust to priming (though only marginally significant in the unprimed condition) whereas 

false memory (for related distractors) was only significant for unprimed subjects.  We also ran 

bivariate correlations for all of our measures split between primed and unprimed subjects, and 

the patterns of results between individual difference measures largely conformed to those in the 

combined analysis, but the relationships with framing reflected those found in the two 

regressions (Tables 4 and 5).     

Discussion 

The current study tests multiple hypotheses regarding mechanisms underlying within-

subjects framing effects.  First, we demonstrated that activation of the goal of cognitive 

consistency did not lead to a greater likelihood of recognizing the consistency violation between 

frames.  Instead, activation of this goal led to an overall shift in risk-preference, which accorded 

with the initially presented frame.  Therefore, when the gain frame was presented first, subjects 

were more consistently risk-averse for both gain and subsequent loss problems as compared to 
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control subjects, and when the loss frame was presented first, subjects were more consistently 

risk-seeking across both frames. Whereas a shift in decision-making toward the initially 

presented frame would generally constitute reduced framing, the fact that subjects responded 

were more consistent across both frames compared to controls made it an overall preference shift 

as opposed to a reduction in the framing effect.  The slight reduction in overall framing that was 

found is likely due to the fact that subjects shifted slightly more in the second-presented frame as 

compared to controls than in the initially presented frame.   

These results provide convergent evidence with previous work on cognitive consistency, 

which revealed that activation of this goal can lead to biases in how preferences influence 

information evaluation (e.g., information distortion and the desirability bias; Chaxel et al., 2015; 

Chaxel & Russo, 2015) and, more generally, how belief-evidence conflicts are resolved 

(Gawronski, 2012).  Current work extends research on the consistency goal to the realm of risky 

decision-making.  Specifically, increasing activation of this goal increased individuals’ need to 

remain consistently risk-averse (or risk-seeking) across frames depending on which frame was 

initially presented.  Given that primed  were faster than unprimed subjects , it is likely that the 

shift in risk-preference was not a conscious, deliberative choice, but rather a consequence of 

unconscious goal activation.  This result also supports prior research demonstrating that subjects 

show no conscious awareness of the influence of the goal in information distortion and 

desirability bias (Chaxel et al., 2015; Chaxel & Russo, 2015).   

The second goal of this study was to examine dual process theory predictions regarding 

the mechanisms underlying within-subjects framing.  First, both standard dual process theories 

and fuzzy-trace theory predict that reliance on more precise representations of the numerical 

problems information will lead to less framing.  Results largely supported this prediction, with 
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higher levels of objective numeracy and target acceptance performance predicting smaller 

within-subject framing.  The prediction that deliberative thought was needed to avoid within-

subjects framing was unsupported in this study, with no relationships between framing and need 

for cognition and no relationship between framing and average decision time.  Therefore if there 

is a role for deliberation in resisting framing, this study was unable to detect it.   

This study also took an individual differences approach to testing the fuzzy-trace theory 

prediction that framing effects are due to reliance on categorical some-none gist representations.  

We measured individual differences in gist processing with a measure of categorical gist 

reasoning as well as two measures of false memory.  The measure of categorical gist reasoning 

showed the largest relationship with framing, with greater categorical thinking predicting larger 

framing effects.  Whereas standard dual process theories predict that framing is due to primitive, 

associative, intuitive processes, fuzzy-trace theory predicts that gist reflects advanced processing.  

The fact that objective numeracy correlated positively with categorical gist reasoning suggests 

that the kind of intuition being used in these problems is not necessarily an unthinking one.  

Furthermore, fuzzy-trace theory does not assume that those individuals relying on categorical 

representations failed to encode or retrieve specific detailed representations of the problem, but 

rather that these individuals preferred to rely on a meaningful categorical representation.  

Further support for fuzzy-trace theory was found with higher levels of false memory for 

related distractors predicting larger framing effects.  Despite the fact that false memory (for 

related distractors) and true memory (target acceptance) showed opposite relationships with 

framing, they were positively correlated with each other.  This result suggests that subjects also 

relied on gist memory for acceptance of some of the targets (i.e., true memory was partially 

driven by gist memory).  It is well known in the false memory literature that acceptance of true 
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(presented) items is both supported by precise verbatim representations as well as semantic gist 

representations, and therefore a positive correlation between true and false memory will occur 

under circumstances in which subjects are relying heavily on gist (Corbin, Wilhelms, Reyna, & 

Brainerd, 2012).   

These results bring together two separate areas of work in which gist is theorized to play 

a role.  Previous research has demonstrated age increases in gist reliance in the memory literature 

(Brainerd, Reyna, & Zember, 2011) and decision making (Reyna & Brainerd, 1991; Reyna et al., 

2011).  Furthermore, recent work has supported fuzzy-trace theory’s predictions that individuals 

with autism will be less reliant on gist in both the memory and decision making domains.  

Specifically, individuals with autism have been shown to be less susceptible to semantic false 

memories (Beversdorf et al., 2000) as well as to framing effects (De Martino, Harrison, Knafo, 

Bird, & Dolan, 2008; Levin et al., 2015).  The results in this paper suggest that memory 

performance may be used to shed light on whether individuals tend towards verbatim or gist 

processing at an individual level.  Further research is needed to determine the robustness of these 

findings. 

Overall, the current study examined many mechanisms that underlie within-subject 

framing effects.  We provided the first evidence for the role of cognitive consistency in shifting 

risk preferences across frames.  This work adds to a growing literature on how the goal of 

cognitive consistency influences judgment and decision making.  We also measured various 

individual differences used to test theoretical predictions regarding mechanisms that both 

decrease and increase within-subject framing effects.  This work supported the prediction that 

more precise representations of numerical information lead to smaller framing effects, and more 

gist-based representations of problem information lead to increased framing effects.  Finally, 
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results supported the view that gist-based intuition is not a more primitive way of processing 

information, and that verbatim processing does not necessarily require greater deliberation.  

These findings should inform current dual process theories, encouraging future work that teases 

apart the evolutionarily primitive intuition posited by standard dual process theories from the 

advanced form of intuition captured by fuzzy-trace theory.  
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Table 1. Correlations Between Individual Difference Measures and Framing 
Measure 1 2 3 4 5 6 7 8 9 

Framing Score -         
Obj. Numeracy -.10 -        
Subj. Numeracy .04 .29** -       
Target -.12 .16* .05 -      
Categorical Gist .18* .18* -.04 .01 -     
Critical Distractor -.07 -.17* .06 .31** -.09 -    
Related Distractor .09 -.17* -.03 .15* -.07 .39** -   
NFC .08 .19* .34** .18* .09 .13† -.05 -  
Decision Time .01 .19* .07 .11 .12† -.04 -.07 .01 - 
Unrelated Distractor -.14† -.22 -.11 .09 -.12† .33** .40*** -.08 -.22** 
Note. Correlations are Pearson’s r. Obj. Numeracy = Berlin Numeracy score; Subj. Numeracy = Subjective numeracy score; Target = 
proportion of correctly recalled items on the memory test; Critical Distractor = proportion of false acceptances of critical distractors; 
Related Distractor = proportion of false acceptances of related distractors; NFC = need for cognition; Avg. Decision time= average 
time spent on framing problems; Unrelated Distractor = proportion of false acceptances for unrelated distractors. 
†p < .1, *p < .05, **p < .01, ***p < .00
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Table 2.  Individual Differences Predicting Risky-Choice Framing Effects for All subjects, and 
Primed and Unprimed Subjects Separately 
Predictor B SE 95% CI β t 

Constant 0.71 0.81 [-0.88, 2.31]  0.88 

Obj. Numeracy -2.16  0.11 [-0.42, -.01] -.16 -2.06* 

Subj. Numeracy 0.19 0.12 [-0.05, 0.42]  .12 1.56 

Target Acceptance  -0.72  0.73 [-2.16, 0.72] -.07 -0.99 

Categorical Gist 1.06 0.36 [0.35, 1.77]  .21 2.95** 

Critical Distractor Acceptance -0.40 0.52 [-1.43, 0.63] -.06 -0.77 

Related Distractor Acceptance 1.62 0.66 [0.33, 2.91]  .19 2.47* 

Need for Cognition -0.01 0.01 [-0.01, 0.003] -.09 -1.23 

Avg. Decision Time -0.003 0.01 [-0.03, 0.02] -.02 -0.27 

Unrelated Distractor Acceptance -0.16 0.79 [-3.65, -0.43] -.18 -2.50* 

R2  0.12    

Adj. R2  0.08    

F(9, 191) = 1.93** 

Note. Higher scores reflect larger framing effects.  Obj. Numeracy = Berlin Numeracy score; 
Subj. Numeracy = Subjective Numeracy Performance; Avg. Decision time is the average amount 
of time it took participants to complete a framing problem. 
†p < .1, *p < .05, **p < .01, ***p <
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Table 3.  Individual Differences Predicting Risky-Choice Framing Effects for All subjects, and 
Primed and Unprimed Subjects Separately 
 Unprimed  Primed 

Predictor B SE 95% CI β B SE 95% CI β 

Constant 1.86 1.12 [-0.37, 4.08]  0.26 1.19 [-2.62, 2.10] -.09 

Obj. Numeracy -0.27* 0.13 [-0.54, -0.01] -.21 -0.12 0.17 [-0.45, 0.21] .13 

Subj. Numeracy 0.22  0.18 [-0.13, 0.58] .13 0.20 0.17 [-0.14, 0.53] .07 

Target Acceptance  -2.47* 0.99 [-4.45, -0.50] -.25 0.71 1.09 [-1.45, 2.87] .23 

Categorical Gist 0.84† 0.50 [-0.15, 1.83] .16 1.14* 0.54 [0.08, 2.21] -.11 

Critical Acceptance 0.21 0.69 [-1.16, 1.58] .03 -0.75 0.81 [-2.37, .086] .15 

Related Acceptance 2.09* 0.93 [0.25, 3.93] .23 1.13 0.97 [-0.80, 3.05] -.06 

Need for Cognition -0.01 0.01 [-0.02, 0.004] -.15 -0.003 0.01 [-0.02, 0.01] -.08 

Avg. Decision Time 0.001 0.02 [-0.03, 0.03] .01 -0.02 0.02 [-0.06, 0.03] -.09 

Unrelated 

Acceptance 

-2.81 1.11 [-5.01, -0.62] -.27 -1.37 1.22 [-3.80, 1.05] .13 

R2 .25    .09    

Adj. R2 .17    -.01    

F 3.30**    0.94    

Note. Higher scores reflect larger framing effects.  Obj. Numeracy = Berlin Numeracy score; 
Subj. Numeracy = Subjective Numeracy Performance; Avg. Decision time is the average amount 
of time it took participants to complete a framing problem. 
†p < .1, *p < .05, **p < .01, ***p <
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Table 4. Correlations Between Individual Difference Measures and Framing for Unprimed Subjects 
Measure 1 2 3 4 5 6 7 8 9 

Framing Score      -         
Obj. Numeracy -.21*       -        
Subj. Numeracy .01 .31**     -       
Target -.30** .27* .14    -      
Categorical Gist .14 .07 .02 -  .01     -     
Critical Distractor -.09 -.11 .06 .30** -.14   -    
Related Distractor .15 -.07 .09 .10 -.12 .31**   -   
NFC -.17† .20* .43*** .19† .04 .18† -.07      -  
Decision Time .03 .19† .001 .12 .20* -.03 -.05 .02           - 
Unrelated Distractor -.17† -.23 -.05 .04 -.11† .35** .30*** -.03 -.28** 
Note. Obj. Numeracy = Objective numeracy performance; Subj. Numeracy = Subjective numeracy performance; Target = proportion 
of correctly recalled items on the memory test; Critical Distractor = proportion of false acceptances of critical distractors; Related 
Distractor = proportion of false acceptances of related distractors; NFC = need for cognition; Avg. Decision time= average time spent 
on framing problems; Unrelated Distractor = proportion of false acceptances for unrelated distractors. 
†p < .1, *p < .05, **p < .01, ***p < .001 
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Table 5. Correlations Between Individual Difference Measures and Framing for Primed Subjects 
Measure 1 2 3 4 5 6 7 8 9 
Framing Score    -         
Obj. Numeracy .01   -        
Subj. Numeracy .06 .28**   -       
Target .03 .03 -.05 -      
Categorical Gist .21* .27** -.10 .02 -     
Critical Distractor -.05 -.24 .06 .34*** -.04 -    
Related Distractor .05 -.26 -.11 .20† -.04 .46*** -   
NFC .01 .18 .27** .17† .13 .07 -.03 -  
Decision Time -.06 .20* .13 .06 .02 -.03 -.09 -.01 - 
Unrelated Distractor -.10 -.22 -.16 .13 -.13 .30** .48*** -.13 -.15 
Note. Obj. Numeracy = Objective numeracy performance; Subj. Numeracy = Subjective numeracy performance; Target = proportion 
of correctly recalled items on the memory test; Critical Distractor = proportion of false acceptances of critical distractors; Related 
Distractor = proportion of false acceptances of related distractors; NFC = need for cognition; Avg. Decision time= average time spent 
on framing problems; Unrelated Distractor = proportion of false acceptances for unrelated distractors. 
†p < .1, *p < .05, **p < .01, ***p < .001 
 



 
 
 

  86 

 

 

Figure 1. Frame Presentation Order (Gain Frame First, Loss Frame First) X Prime 

(Control, Consistency) Interaction showing a significant difference between Gain and 

Loss presented first only for consistency primed subjects. Error Bars are SE.  
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CHAPTER 4 

 

Abstract 

The current experiment compares fuzzy-trace theory’s conception of risky-choice 

framing as a result of reliance on a meaningful categorical gist to other dual process 

theories which assume that framing is due to a automatic, associative evaluation of the 

problem information.  We gave 1,177 subjects either the gain or loss frame of Tversky & 

Kahneman’s (1981) classic dread disease problem.  We manipulated presentation of 

specific aspects of the risky option in order to emphasize or de-emphasize the categorical 

distinction between some saved (die) and none saved (die) (hypothesized to underlie 

framing) in the problem.  We also measured decision confidence and gave subjects a 

memory/comprehension test in which they had to recall the numeric amounts involved in 

the framing problem.  Results supported fuzzy-trace theory predictions, with higher 

decision confidence and higher levels of memory accuracy predicting larger framing 

effects.  Furthermore, emphasis of the categorical distinction resulted in larger framing 

effects as compared to de-emphasis, even when memory accuracy was perfect.      

 

 



 
 
 

  88 

Accurate, Confident, and Biased: Higher Decision Confidence Predicts Greater Bias in Risky-

Choice 

Many current dual process theories of decision making hypothesize that many biases in 

judgment and decision making occur, because individuals simply fail to think hard enough 

(Evans & Stanovich, 2014; Kahneman & Frederick, 2002).  That is, if individuals would pay 

closer attention to the details of a decision and if they would care enough to really think through 

their decision process, they would avoid predictable pitfalls in decision making.  One such bias is 

the risky-choice framing effect, whereby individuals will switch preferences based on whether a 

decision is framed in terms of gains or losses.  The classic example of this effect was 

demonstrated by Tversky and Kahneman’s (1981) classic Dread Disease problem, in which 

participants were told that 600 lives were at risk of dying from a disease.  They were given two 

options to combat this disease, which were framed either in terms of people being saved (gains) 

or people dying (losses): 

 A: 200 people saved for sure. 

 B: 1/3 chance 600 people saved, 2/3 chance 0 people saved. 

 C: 400 people die for sure. 

 D: 1/3 chance 0 people die, 2/3 chance 600 people die. 

 Although the outcomes in each problem are identical (200 saved out of 600 is 400 lost), 

framing the problem in terms of gains leads to choosing the sure option and framing it in terms 

of losses leads to choosing the risky-option (thus violating descriptive invariance).  

Standard dual process theories assume that framing effects are the result of reliance on 

evolutionarily primitive, intuitive processing (typically referred to as System 1; Evans & 

Stanovich, 2013; Kahneman & Frederick, 2002).  System 1 processing is automatic and 
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associative, and according to these theories, framing occurs because intuition relies on the 

valence of each frame to come to a decision (De Martino, Kumaran, Symour, & Dolan, 2006).  

In order to avoid falling prey to framing effects, standard dual process theories assume that one 

must engage in deliberative, working memory dependent, System 2 processing, inhibiting one’s 

intuitive, System2 response in favor of a more objective view of one’s options (Evans, 2008; 

Kahneman & Frederick, 2005; Levin, Schneider, & Gaeth, 1998; Stanovich, 2008).  

With regard to the interaction between Systems 1 and 2, standard dual process theories 

take two general approaches –the default-interventionist approach (Kahneman, 2000; Kahneman 

& Frederick, 2002; Stanovich & West, 2008) and the parallel competitive approach (Denes-Raj 

& Epstein, 1994; Epstein, 1994; Sloman, 1996; see also De Neys & Glumicic, 2008).  According 

to the default-interventionist approach, System 2 acts as a monitor for logical violations in 

decision-making.  When a violation is detected, System 2 overrides System 1, and engages in 

deliberate processing (Kahneman & Frederick, 2002; Stanovich & West, 2008).  However, 

System 2 monitoring is thought to be a very lax process, and unlikely to detect subtle conflicts.  

Therefore, if System 2 fails to detect a conflict between intuition and rules of logic, intuition will 

continue to be relied upon. Alternatively, parallel competitive approaches assume that 

individuals are aware of conflicts between intuitive and analytic thinking (i.e., both processes 

happen in parallel), however, in many instances individuals are simply unable to inhibit their 

intuitive response (Epstein, 1994; Sloman, 1996).  These processes differ in that the default 

interventionist approach puts the onus on conflict detection (i.e., monitoring), whereas the 

parallel competitive approach puts it on inhibiting one’s intuitions (De Neys & Glumicic, 2008; 

Evans & Stanovich, 2013). 

Fuzzy-trace theory offers an alternative to standard dualist approaches (Reyna, 2012; 
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Reyna & Brainerd, 1995).  Fuzzy-trace theory, a dual process theory of memory, cognition, 

decision making and neuroscience, posits two independent types of processing –verbatim and 

gist (Reyna, 2012; Reyna & Brainerd, 2011).  According to fuzzy-trace theory, verbatim 

processing is rote, precise, and susceptible to interference, whereas gist processing is meaning-

based, intuitive, and robust to interference (Corbin, Liberali, Reyna, & Brust-Renck, 2015).  

Verbatim and gist representations are roughly simultaneously encoded and exist in parallel.  Both 

verbatim and gist processes improve with age, but verbatim improvement tends to peak around 

adolescence, whereas gist continues to develop throughout the lifespan (Corbin, Wilhelms, 

Reyna, & Brainerd, 2012; Reyna, Wilhelms, McCormick, & Weldon, 2015). 

Unlike standard dual process theories, which consider intuition to be a primitive form of 

processing, fuzzy-trace theory puts gist-based intuition at the pinnacle of development.  Evidence 

for this prediction has been found in areas of reasoning (Reyna & Kiernan, 1994; Weldon, 

Corbin, & Reyna, 2014) and judgment and decision making (Reyna & Ellis, 1991; Reyna & 

Lloyd, 1997; Reyna, Chick, Corbin, & Hsia, 2014).  Fuzzy-trace theory also predicts that 

individuals tend to rely on the simplest gist allowable by the task at hand even when more 

precise memory representations are available (Corbin, Reyna, & Brainerd, under review; Reyna, 

2012).   

In the case of risky-choice framing, the simplest gist lies in the categorical contrast 

between some lives being saved (or lost) and no lives being saved (or lost).  In the gain frame, 

this categorical gist of some people saved for sure versus a chance of nobody saved leads to a 

preference for the sure option, and in the loss frame (some people die sure versus a chance that 

nobody dies) leads to risk-seeking (Chick, Reyna, Corbin, & Hsia, 2014).  This pattern of 

responses reflects the standard preference reversal found in framing.  Research has shown that 
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emphasizing the categorical gist contrast by selectively truncating the risky option, presenting 

only the zero complement (e.g., 2/3 chance nobody is saved/1/3 chance nobody dies) leads to 

large increases in framing, whereas emphasizing the verbatim details of the problem by 

truncating the risky option to only present the non-zero complement (e.g., 1/3 chance 600 

saved/2/3 chance 600 die) leads to reductions in framing (Kuhberger & Tanner, 2010; Reyna et 

al., 2014).   

Fuzzy-trace theory considers framing effects to be a byproduct of an advanced process 

(gist).  This sets fuzzy-trace theory apart from other dual process theories with regards to their 

conceptions of intuition as well as the mechanism underlying framing effects.  Whereas standard 

dual process theories predict that reliance on System 2 analytic processing should eliminate 

framing, fuzzy-trace theory predicts that individuals can have access to both verbatim and gist 

representations of the problem, but will opt for gist, which provides a meaningful distinction 

between options.  In other words, whereas a conflict between intuition and analysis exists for 

standard dual process theories for framing, no such conflict exists for fuzzy-trace theory (fuzzy-

trace theory does include an independent process for conflict monitoring and inhibition in its 

model – it is just not applicable to between-subjects risky-choice framing; Corbin et al., 2015)   

Individual differences research shows mixed evidence for a role of conflict in risky-

choice framing.  Specifically, Stanovich and West (2008) did not find a relationship between 

cognitive ability (as measured by SAT scores) and framing, and Peters and Levin (2008) found 

no relationship between numeracy (mathematical ability) and framing.  Corbin, McElroy, and 

Black (2010) actually found significantly larger framing effects for individuals higher in working 

memory capacity (as measured by the Operation Span; Unsworth, Heitz, Schrock, & Engle, 

2005) – the opposite direction from standard dual process theory predictions.  Igou and Bless 
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(2007) found larger framing effects for problems involving a medical issue with greater 

elaborative processing (measured by decision times).  On the other hand, Simon, Fagley, and 

Hallerin (2004) demonstrated that individuals high in need for cognition (Cacioppo & Petty, 

1982) and high in self-rated math ability showed smaller framing effects, and individual’s with a 

more analytical style of thinking have shown smaller framing effects compared to those with a 

holistic style of thinking (though whether the holistic style represents the thoughtless intuition 

reflected by standard dual process theories, or meaningful gist is an open question; McElroy & 

Seta, 2003).   

In contrast to the mixed results for between-subjects framing studies, work on within-

subjects framing (participants receive both gain and loss frames) has demonstrated smaller 

framing effects with higher cognitive ability (Bruine de Bruin, Parker, & Fischhoff, 2012; Del 

Missier, Mäntylä, & Bruine de Bruin, 2012; Del Missier, Mäntylä, Hansson & Bruine de Bruin, 

2013; Parker & Fischhoff, 2005; Stanovich & West, 1998).  However, these studies confound 

measurement of the influence of frames on decision making with tendency to recognize 

equivalent frames once they both have been presented, and thus adjust subsequent decisions to 

maintain consistency (Corbin, et al., 2014; LeBoeuf & Shafir, 2003; Kahneman, 2000).  

Besides measures of cognitive ability and thinking styles, work on conflict monitoring in 

judgment and decision making has made use of measures of decision confidence in order to 

determine whether biased individuals are unaware of the analytic/intuitive conflict, or if they are 

simply unable to inhibit their intuitive process (De Neys, Cromheeke, & Osman, 2011).  De 

Neys et al. (2011) gave subjects base-rate and conjunction fallacy tasks (both which involve 

pitting an appealing stereotype against a more objective metric).  Individuals who were biased in 

favor of the intuitively appealing option were significantly less confident in their decisions.  This 
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result suggests that biased individuals may be aware of the conflict, but unable to inhibit their 

intuition.  This supports a parallel competitive model of conflict detection as opposed to a 

default-interventionist model.  With regard to decision confidence in risky-choice framing, 

results have demonstrated that individuals who are more confident decision makers also tend to 

be more biased.  Specifically, Reyna et al., (2014) gave framing problems to college students, 

adults, and intelligence agents (trained to deal with risky situations involving lives).  Results 

showed that intelligence agents were more confident in their decisions and showed the largest 

framing effects.  Furthermore, this study employed a truncation manipulation, in which some 

framing problems only presented the non-zero complement of the risky-option, some problems 

presented both complements, and others presented only the zero complement.  Confidence was 

highest when only the zero complement was presented, supporting the hypothesis that the 

categorical gist (some saved vs. none saved) provided a simple, meaningful representation of the 

decision.   

In contrast to fuzzy-trace theory’s interpretation, a default interventionist dual process 

model would predict that biased individuals should be more confident in their framing decisions, 

because they fail to detect the conflict between analytic and intuitive processing of the problem, 

whereas individuals demonstrating less bias will be more indifferent to their choice due to the 

fact that the options are mathematically equivalent.  Parallel competitive models would predict 

that individuals are aware of the conflict, and therefore more biased individuals should be less 

confident in their decisions, because they failed to inhibit reliance on intuition.  Finally, as 

previously noted, fuzzy-trace theory predicts that bias should relate to more confidence, because 

these individuals are relying on a meaningful understanding of the problem to make their 

decision.  Those relying on verbatim processes should be less confident, because at a verbatim 
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level of representation, the options are numerically equivalent, and therefore do not provide any 

useful information for deciding.  The current study, therefore, measures decision confidence in 

order to differentiate between these theories. 

  Given that simply measuring decision confidence fails to differentiate default 

interventionist models from fuzzy-trace theory, in addition to decision confidence, we also 

manipulate which aspects of the problem are emphasized, either truncating the risky option to 

only present the Non-Zero complement (supporting a more verbatim representation), or 

truncating the risky option to only present the Zero-Complement condition (supporting a 

categorical gist representation).  Fuzzy-Trace theory predicts that emphasis of the zero 

complement should increase framing (as it emphasizes the categorical gist) and emphasis of the 

non-zero complement should reduce framing (as it supports a verbatim analysis).   

Finally, we ask individuals to recall the numerical amounts (both presented and 

unpresented) involved in the framing problem.  Both default interventionist and parallel 

competitive models would predict that better performance on this task (reflecting greater 

attention to the objective, numerical amounts in the problem) should relate to less bias.  On the 

contrary, fuzzy-trace theory would expect memory for gist on this task to relate to greater 

framing.  In particular, fuzzy-trace theory would expect memory for the zero complement (the 

key element to the categorical some-none gist that leads to framing) to relate to greater framing 

bias.  Finally, fuzzy-trace theory predicts that even when an individual attends to the numerical 

information provided in the problem, decision confidence should be highest when the categorical 

gist is emphasized (i.e., the zero complement is present, but the non-zero complement is 

unpresented).  Standard dual process theories would predict no difference in confidence between 

truncation conditions -particularly when one demonstrates knowledge of all of the precise 
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numerical information (both presented and unpresented). 

Method 

Subjects 

 We recruited 1,177 subjects were recruited through Amazon Mechanical Turk.  The 

sample was 42.74% Female, and 2.9% were between 18-19-years-old, 25.40% between 20-24, 

24.47% between 25-29, 27.27% between 30-39, 11.73% between 40-49, and 5.35% were 50 or 

older.  With regards to ethnicity, the sample was 28.06% White; 3.15% African-American; 

60.37% Asian Indian; 4.59% Asian; and 2.47% Other.  A total of 11.41% of the sample was of 

Hispanic, Latino, or Spanish origin.  A slight majority of the sample (58.71%) indicated that 

English was their first learned language.  In addition, 99.92% of the sample had at least some 

college experience.  All subjects gave consent to participate in this study and certified that they 

were at least 18-years-old. 

Materials and Procedure 

Subjects were first told to “Imagine a scenario where there are exactly 600 people at risk 

of dying from a disease. A number of programs have been devised by scientists that will result in 

a number of outcomes. The estimates for the programs are 100% accurate - meaning that the 

numbers given in the programs are to be interpreted exactly.”  Then they were given either the 

gain or loss version of the classic dread disease framing problem (Tversky & Kahneman, 1981), 

and were reminded to “recall that the numerical estimates are to be interpreted as exact.”  We 

emphasized the precision of numerical estimates to ensure that subjects understood that the 

numerical amounts provided in the problem were complementary (i.e., 200 saved out of 600 is 

equal to 400 lost).  Next, subjects were asked to rate their decision confidence on a scale from -5: 

Not at all Confident to 0: Indifferent to 5: Completely Confident.  Subjects were randomly 
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assigned to three Truncations conditions in which only the non-zero complement was presented 

in the risky-option, both complements were presented, or only the zero-complement was 

presented in the risky-option.  Finally, subjects were given a memory/comprehension test in 

which they were asked five questions regarding the number of lives involved in each element of 

the framing problem (these questions corresponded to the presented frame).  Specifically, they 

were asked how many total lives were at risk (Endowment), how many lives would be saved/die 

for sure (Presented Sure Option), how many lives would NOT be saved/die for sure 

(Unpresented Sure Option), there is a 1/3 (2/3) chance that how many lives would be saved (lost) 

and there is a 2/3 (1/3) chance that how many lives would be lost (saved).  The task is considered 

both a memory and comprehension task, because some of the numbers were presented to 

subjects and others were implied, but never presented.  

Results 

Decision Confidence and Framing 

 All analyses involving framing choice were coded as 0 = Choosing the Sure Option and 1 

= Choosing the Risky-Option.  First, we ran a Frame (Gain, Loss) X Truncation (Non-zero 

Present, Complete, Zero Present) binary logistic regression predicting choice.  The analysis 

revealed a significant framing effect (MGain = .26, SE = .02 ; MLoss = .59 , SE = .02), χ2(1)= 117.28, 

p < .001, as well as a significant Frame X Truncation interaction, χ2(2)= 34.03, p < .001, with the 

smallest framing effects in the Non-Zero Present condition and the largest framing effects in the 

Zero Present Condition (see Figure 1).   

 In order to test our prediction that the zero-complement condition should yield the 

highest levels of decision confidence, we conducted a Frame X Truncation ANOVA with 

decision confidence as the dependent variable.  Results yielded no significant difference between 
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Truncation conditions, F(2, 1171) = 0.46, p = .63.  In order to test the prediction that more 

confident subjects should show larger framing effects overall, we ran a Frame X Truncation X 

Confidence logistic regression (confidence was mean centered for the analysis).  As in the 

previous analysis there was a significant framing effect, χ2(1) = 117.28, p < .001 and a 

significant Frame X Truncation interaction, χ2(2) = 33.76, p < .001.  As expected, there was also 

a significant Frame X Confidence interaction, with more confident subjects showing larger 

framing effects, χ2(1)= 9.20, p = .002 (see Figure 2).  We then performed a simple slopes 

analysis to determine whether slopes were significantly different from zero for each frame.  The 

analysis yielded a significant increase in risk-seeking with high confidence in the loss frame (z = 

2.32, p = .02) and a marginal decrease in risk-seeking in the gain frame (z = 1.94, p = .05).  

Memory/Comprehension Questions 

 Next, we analyzed subjects’ responses to the memory/comprehension items that followed 

decision making.  Table 1 provides descriptive data for subjects’ proportions of correct responses 

to each item.  Responses for the complements in the risky-option tended to suffer when the 

complement was not explicitly stated in the problem.  Specifically, the number of correct 

responses to the Zero Complement question was significantly lower in the Non-Zero 

Complement Present condition as compared to the other conditions (in which it was explicitly 

stated), χ2(2) = 114.17, p < .001.  The same result emerged for the Non-Zero Complement, with 

lower correct responses in the Zero Complement Present condition, χ2(2) = 33.76, p < .001.  A 

Frame X Truncation ANOVA predicting proportion correct revealed a main effect of Truncation, 

such that the highest proportion of correct responses was in the Complete condition and the 

lowest proportion was in the Non-Zero Complement condition, F(2, 1171) = 6.33, p = .002 (see 

Table 1).  Post-hoc comparisons (adjusted with Tukey’s HSD) revealed that the overall 
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proportion correct was only significantly different between Complete and Non-Zero 

Complement Present conditions, t(1,171) = 3.54, p = .001.  

 In order to determine the overall role of responses to the memory/comprehension 

questions on framing, we first computed a Memory/Comprehension score (0 to 4 correct; M = 

3.15; SD = 1.62; Cronbach’s alpha =  .77).  Next we ran a Frame X Truncation X 

Memory/Comprehension score logistic regression predicting choice.  First, the main effect of 

Frame and Frame X Truncation interaction were significant.  Second, there was a main effect of 

Memory/Comprehension Score such that high scorers (as defined by a perfect score of 5) were 

more risk-seeking (M = .45, SE = .03) as compared to low scorers (a score of 1.3; M = .38, SE = 

.02), χ2(1) = 7.26, p = .007.  Frame interacted with Memory/Comprehension (χ2(1) = 14.85, p < 

.001), such that framing effects were larger for high scorers (MGain = .23, SE = .03 ; MLoss = .70 , 

SE = .03) compared to low scorers MGain = .29, SE = .03 ; MLoss = .47 , SE = .03).  The interaction 

was driven by a significant difference between low and high scorers in the loss frame, z = 4.73, p 

< .001.  Finally, there was a significant Frame X Truncation X Memory/Comprehension Score 

interaction (χ2(2) = 20.56, p < .001), such that the framing effect only increased with the 

Memory/Comprehension Score in the Complete and Zero Complement Present conditions (see 

Figure 3). 

Influence of Responses to Unpresented Information on Framing 

Unpresented Sure Option.  Next, we examined the role of responses to the question 

asking about the unpresented sure option.  This was to ensure that framing effects were not 

simply driven by assumptions about unstated information in the sure option –specifically that 

individuals assume that the possibility exists that more people may be saved (leading to risk-

aversion for gains) or lost (leading to risk-seeking for losses; Mandel, 2014).  For this analysis, 
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we excluded those individuals who were incorrect in recalling the presented sure option in order 

to minimize the role of lack of attention (leaving us with N = 901).  In this sample, a total of 770 

(85.46%) subjects correctly responded to the question.  A Frame (Gain, Loss) X Truncation 

(Non-Zero Complement Present, Complete, Zero Complement Present) X Unpresented Sure 

Response (Correct, Incorrect) logistic regression predicting choice revealed no significant main 

effects or interactions involving the Unpresented Sure Response factor.  As in previous analyses, 

both the main effect of Frame and Frame X Truncation interactions remained significant.    

Zero Complement.  Our focus then moved to the role of correct responses for the zero 

complement in the framing problem.  Given the central role of the zero complement to fuzzy-

trace theory’s conception of framing, we expected individuals who correctly responded to this 

item to show larger framing effects as compared to those who did not.  For this analysis, we 

excluded those individuals who were incorrect in recalling the Sure Option, the Unpresented 

Sure Option, and the Non-Zero Complement in order to minimize the role of lack of attention as 

well as any influence of memory errors for the other items.  Furthermore, we only analyzed the 

Non-Zero Complement present condition, because this was the condition in which the zero 

complement was not presented.  This left us with a total of 146 subjects.  A Frame X Zero 

Complement Response logistic regression predicting choice revealed a significant Frame X Zero 

Complement Response interaction, χ2(1) = 4.74, p = .03.  Subjects who responded incorrectly 

showed a pattern of reverse-framing, with higher levels of risk-seeking in the gain frame 

compared to the loss frame (MGain = .51, SE = .10; MLoss = .33, SE = .10), whereas those who 

responded correctly showed a pattern consistent with standard framing (MGain = .30, SE = .07; 

MLoss = .48, SE = .08).  Examination of subjects’ incorrect responses to this question revealed that 

15 subjects put 200 lives, 11 put 400 lives, and 27 put 600 lives instead of the correct answer (10 
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other participants put a variety of other responses).  These incorrect responses do make sense in 

light of the reverse framing pattern found for these subjects.  If they indeed assumed that the 

unpresented complement was greater than zero, this would make the expected value of the risky 

option greater than that of the sure option, promoting a reversal of the standard framing effect 

(risk-seeking for gains and risk-aversion for losses).     

Non-Zero Complement.  Finally, we analyzed the role of responses to the non-zero 

complement question in moderating framing effects.  For this analysis, we restricted our sample 

to subjects in the Zero Complement Present condition (those not presented with the Non-Zero 

Complement) who got every other response item correct.  Unlike the Zero Complement, 

subjects’ responses for the Non-Zero Complement had no effect on the direction or magnitude of 

framing (i.e., there was no significant Frame X Non-Zero Complement Response interaction).  

Framing and Decision Confidence for Perfect Memory/Comprehension Performance 

Finally, we repeated the decision confidence analyses only including those individuals 

who correctly answered all four questions regarding lives at risk in the framing problem (n = 

334).  This was to determine if reliance on the categorical some-none contrast underlying 

framing still related to higher levels of confidence.  First, we ran a Frame X Truncation ANOVA 

with decision confidence as the dependent variable.  Unlike the initial analysis, this one revealed 

a significant main effect of Truncation, F(2, 328) = 4.45, p = .01.  As originally predicted, 

decision confidence was significantly higher in the Zero Complement condition (M = 2.66, SE = 

.23) than the Complete condition (M = 1.93, SE = .20; t(328) = 2.40, p = .02) and the Non-Zero 

Complement condition (M = 1.69, SE = .26; t(328) = 2.77, p = .01).  Next, we repeated the 

Frame X Truncation X Confidence logistic regression predicting choice.  Results mirrored those 

previously found, with a significant main effect of Frame (χ2(1) = 76.11, p < .001), a Frame X 
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Truncation interaction (χ2(2) = 27.56, p < .001), and finally, an interaction between Frame and 

Decision Confidence (χ2(1) = 6.27, p = .01).  As shown in Figure 4, higher Decision Confidence 

predicted larger framing effects, with a simple slopes analysis showing higher confidence 

predicting significantly less risk-seeking in the gain frame (z = 5.70, p < .001), but no significant 

increase in risk-seeking for the loss frame (z = 0.87, p = .38).  

Discussion 

   The current study tested dual process theory predictions regarding mechanisms 

underlying risky-choice framing effects.  First, we looked at how decision confidence related to 

framing, with fuzzy-trace theory and default-interventionist dual process theory predicting 

greater bias with higher confidence (for equal-expected value problems), but parallel competitive 

dual process theory predicting smaller framing effects with higher confidence.  Fuzzy-trace 

theory posits that framing is due to reliance on gist representations that get at the bottom-line 

meaning of the decision.  Therefore, reliance on meaningful distinctions should relate to high 

confidence (as opposed to reliance on verbatim representations that do not distinguish options).  

Default interventionist dual process theory assumes that System 2 must detect a conflict between 

one’s intuitive, System 1 response and a logical rule, and then override System 1 (Kahneman & 

Frederick, 2002; Stanovich, 2008).  Given that there is very little in a between-subjects framing 

paradigm to cue subjects to a conflict, default interventionist theory would predict that higher 

confidence should relate to larger framing effects, because individuals who do happen to rely on 

System 2 will see that the options are equivalent, and therefore will show less confidence as 

compared to individuals who rely on System 1.  Results supported fuzzy-trace theory and default 

interventionist dual process theory predictions, with higher decision confidence predicting larger 

framing effects. 
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Although the pattern of behavioral results for decision confidence ruled out the parallel 

competitive theory explanation, it failed to differentiate the other two theories (fuzzy-trace and 

default interventionist).  This is where the results of the memory/comprehension test become 

useful.  According to fuzzy-trace theory, individuals rely on gist even when having access to 

precise verbatim representations of a problem, because the gist provides an individual with a 

meaningful way of making a decision.  Alternatively, dual process theories assume that 

individuals relying on intuitive gist are making use of a rough, affective evaluation of the options 

(De Martino, Kumaran, Symour, & Dolan, 2006).  Therefore, for both default interventionist and 

parallel competitive dual process theories, higher accuracy on the memory/comprehension test 

should predict less framing.  Results from the memory/comprehension analyses failed to support 

standard dual process theories.  Furthermore, the fact that the relationship between confidence 

and framing held even for those who performed perfectly on the memory/comprehension task 

lends more support to fuzzy-trace theory (demonstrating that subjects can both pay attention to 

numerical detail and rely on gist-based intuition).  

Fuzzy-trace theory makes unique predictions regarding the importance of the zero 

complement to framing.  Specifically, according to fuzzy-trace theory the zero complement is 

crucial for the categorical some-none contrast that leads to framing.  Therefore, by emphasizing 

this contrast, one should encourage larger framing effects.  Results supported this prediction, 

with the largest framing effects in the Zero Complement Present condition and the smallest 

framing effects in the Non-Zero Complement Present condition.  Fuzzy-trace theory also 

assumes that the effect of emphasizing categorical gist cannot be attributed to ambiguity 

regarding the unpresented information, but rather to selective attention for the presented 

information (Chick, Reyna, & Corbin, in press).  The fact that the significant effect of truncation 
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persisted even for those individuals who demonstrated perfect understanding for the problem 

information lends support to this hypothesis.  Finally, the fact that decision confidence was 

highest in the Zero Complement Present condition for those who performed perfectly also 

supports fuzzy-trace theory’s hypothesis that this condition encourages a meaningful 

representation of the information, and they support the centrality of zero to the framing effect per 

fuzzy-trace theory.  In addition, subjects were more confident when provided with less 

information, a result not expected by standard theories.   

One potential limitation of this research was the fact that a Mechanical Turk sample was 

used.  It could be argued that these subjects were less likely to pay attention to any of the 

materials, and therefore the relationship between framing and performance in the 

memory/comprehension task was simply due to the fact that the same participants who 

performed poorly also chose randomly in the decision task (which would naturally lead to 

smaller framing effects).  A number of findings do not support this conclusion.  First, the fact 

that responses for the unpresented sure option were almost at the level of responses for the 

presented sure option suggest that most subjects put enough thought into the task to recognize 

that the values were complementary.  Second, performance for the values in the risky option 

varied systematically with respect to which information was present and which was absent. 

Third, the memory results with respect to the zero complement conformed specifically to fuzzy-

trace theory’s predictions suggests that responses were generally not random.  In other words, 

when all other responses were accounted for, correct responses when asked about the zero 

complement related to a framing consistent pattern of responses whereas incorrect responses did 

not.  Finally, the relationship between framing and performance on the memory/comprehension 

task was restricted to the Complete and Zero Complement Conditions, conforming to fuzzy-trace 
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theory’s predictions regarding the influence of emphasis of the zero complement on framing. 

Recruitment of Mechanical Turk subjects did offer a number of benefits to this study.  

First it allowed for a large sample size, which helped with testing subtle theoretical hypotheses.  

Second, it allowed us to demonstrate the robustness of these results across cultures and ages.  

Almost half of participants did not speak English as a native language, more than half of 

participants were Asian, and ages ranged across the lifespan (not including people under the age 

of 18).     

Overall, results supported fuzzy-trace theory’s conception of framing effects.  Framing 

effects were larger for those individuals who were more confident, and who demonstrated better 

memory/comprehension for the problem information.  In other words, individuals were accurate, 

confident, and biased.  Rather than being a product of automatic, associative intuition, which can 

be overridden with increased effort and attention, results supported a conception framing effects 

that result from meaningful gist-based intuition.     

 

   

 

 

   



 
 
 

  105 

References 

Bruine de Bruin, W., Parker, A. M., & Fischhoff, B. (2007). Individual differences in adult 

decision-making competence. Journal of Personality and Social Psychology, 92, 938–

956. doi:10.1037/0022-3514.92.5.938 

Cacioppo, J. T., & Petty, R. E. (1982). The need for cognition. Journal of Personality and Social 

Psychology, 42, 116–131. 

Corbin, J., McElroy, T, & Black, C. (2010). Memory reflected in our decisions: Higher working 

memory capacity predicts greater bias in risky choice. Judgment and Decision Making, 5, 

110-115. 

Corbin, J. C., Liberali, J. M., Reyna, V. F., & Brust-Renck, P. G. (2015). Intuition, interference, 

inhibition, and individual differences in fuzzy-trace theory. In Wilhelms, E.A., & Reyna, 

V.F. (Eds.), Neuroeconomics, Judgment, and Decision Making (pp. 77- 90). New York, 

NY: Psychology Press.  

Corbin, J. C., Reyna, V. F., Weldon, R. B., & Brainerd, C. J. (2015).  How reasoning, judgment, 

and decision making are colored by intuition: Explaining and predicting gist-based 

intuition. Journal of Applied Research in Memory and Cognition. Manuscript submitted 

for publication. 

Corbin, J. C., Wilhelms, E. A., Reyna, V. F., & Brainerd, C. J. (2013). Theory and Processes in 

Memory Development: Childhood to Adolescence. In R. Holliday & T. Marche (Eds.), 

Child Forensic Psychology (pp. 65-94). Basingstroke, UK: Palgrave Macmillin. 

Chick, C. F., Reyna, V. F., & Corbin, J. C. (2015). Framing effects are robust to linguistic 

disambiguation: A critical test of contemporary theories. Journal of Experimental 

Psychology: Learning, Memory, and Cognition. Manuscript submitted for publication 



 
 
 

  106 

Del Missier, F., Mäntylä, T., Hansson, P., Bruine de Bruin, W., Parker, A., & Nilsson, L. G. 

(2013). The multifold relationship between memory and decision making: An individual-

differences study. Journal of Experimental Psychology: Learning, Memory, and 

Cognition, 39, 1344-1364. 

Denes-Ray V., Epstein S. (1994) Conflict between intuitive and rational processing: When 

people behave against their better judgment. Journal of Personality and Social 

Psychology 66, 819–829. " 

De Martino, B., Kumaran, D., Seymour, B., & Dolan, R. J. (2006). Frames, biases, and rational 

decision-making in the human brain. Science, 313, 684–687. 

De Neys, W., Cromheeke, S., & Osman, M. (2011). Biased but in doubt: Conflict and decision 

confidence. Plos One, 6, 1-10. doi:10.1371/ journal.pone.0015954  

De Neys W., & Glumicic, T. (2008) Conflict monitoring in dual process theories of "reasoning. 

Cognition 106, 1248–1299. " 

Epstein, S. (1994). Integration of the cognitive and psychodynamic unconscious, American 

Psychologist, 49, 709-724. 

Evans, J. St. B. T. (2008). Dual-processing accounts of reasoning, judgment, and social 

cognition. Annual Review of Psychology, 59, 255-78. 

Evans, Jonathan St. B. T., & Stanovich, K. (2013). Dual process theories of higher cognition: 

Advancing the debate. Perspectives on Psychological Science, 8, 223-241. 

Igou, E. R., & Bless, H. (2007).  On undesirable consequences of thinking: Framing effects as a 

function of substantive processing.  Journal of Behavioral Decision Making, 20, 125–

142. 

Kahneman, D. (2000). A psychological point of view: Violations of rational rules as a diagnostic 



 
 
 

  107 

of mental processes. Behavioral and Brain Sciences, 23, 681–683 

Kahneman, D., & Frederick, S. (2002). Representativeness revisited: Attribute substitution in 

intuitive judgment. In T. Gilovich, D. Griffin, & D. Kahneman (Eds.), Heuristics and 

biases: The psychology of intuitive judgment (pp. 49–81). New York: Cambridge 

University Press. 

Kühberger, A., & Tanner, C. (2010). Risky choice framing: Task versions and a comparison of 

prospect theory and fuzzy-trace theory. Journal of Behavioral Decision Making, 23, 314–

329. 

LeBoeuf, R. A., & Shafir, E. (2003). Deep thoughts and shallow frames: On the susceptibility to 

framing effects. Journal of Behavioral Decision Making, 16, 77–92. 

Mandel, D. R. (2013). Do Framing Effects Reveal Irrational Choice? Journal of Experimental 

Psychology: General. doi:10.1037/a0034207 

McElroy, T., & Seta, J. J. (2003). Framing effects: An analytic-holistic perspective. Journal of 

Experimental Social Psychology, 39, 610–617. 

Parker, A. M., & Fischhoff, B. (2005). Decision-making competence: External validation 

through an individual-differences approach. Journal of Behavioral Decision 

Making, 18, 1-28. 

Peters, E., Levin, I. P. (2008). Dissecting the risky-choice framing effect: Numeracy as an 

individual-difference factor in weighting risky and riskless options. Judgment and 

Decision Making, 3, 435-448. 

Reyna, V. F. (2012). A new intuitionism: Meaning, memory, and development in fuzzy-trace 

theory. Judgment and Decision Making, 7, 332-359. 

Reyna, V. F., & Brainerd, C. J. (1995). Fuzzy-trace theory: An interim synthesis. Learning and 



 
 
 

  108 

Individual Differences, 7, 1–75. 

Reyna, V. F., & Brainerd, C. J. (2011). Dual processes in decision making and developmental 

neuroscience: A fuzzy-trace model. Developmental Review, 31, 180-206. 

doi:10.1016/j.dr.2011.07.004  

Reyna, V. F., Chick, C. F., Corbin, J. C., & Hsia, A. N. (2014). Developmental reversals in risky 

decision-making: Intelligence agents show larger decision biases than college students. 

Psychological Science, 25, 76-81. doi: 10.1177/0956797613497022. 

Reyna, V. F., & Ellis, S. C. (1994). Fuzzy-trace theory and framing effects in children's risky 

decision making. Psychological Science, 5, 275-279. doi:10.1111/j.1467-

9280.1994.tb00625.x. 

Reyna, V. F., & Kiernan, B. (1994). The development of gist versus verbatim memory in 

sentence recognition: Effects of lexical familiarity, semantic content, encoding 

instruction, and retention interval. Developmental Psychology, 30, 178-191. 

doi:10.1037/0012-1649.30.2.178. 

Reyna, V. F., Wilhelms, E. A., McCormick, M. J., Weldon, R. B. (2015). Development of 

decision-making and risk-taking: A fuzzy-trace theory neurobiological perspective. Child 

Development Perspectives, 9, 122-127. doi: 10.1111/cdep.12117 

Simon, A. F., Fagley, N. S., & Halleran, J. G. (2004). Decision framing: Moderating effects of 

individual differences and cognitive processing. Journal of Behavioral Decision Making, 

17, 77–93. 

Sloman, S.A. (1996) The empirical case for two systems of reasoning. Psychological Bulletin 

119, 3–22. " 

Stanovich, K. E. (2008). Higher-order preferences and the master rationality motive. Thinking & 



 
 
 

  109 

Reasoning, 14, 111-127. 

Stanovich, K. E., & West, R. F. (1998). Individual differences in framing and conjunction 

effects. Thinking and Reasoning, 4, 289-317. doi:10.1080/135467898394094 

Stanovich, K. E., & West, R. F. (2008). On the relative independence of thinking biases and 

cognitive ability. Journal of Personality and Social Psychology, 94, 672-695. 

Tversky, A., & Kahneman, D. (1981). The framing of decisions and the psychology of choice. 

Science, 211, 453–458. 

Unsworth, N., Heitz, R. P., Schrock, J. C., & Engle, R. W. (2005). An automated version of the 

operation span task. Behavior Research Methods, 37, 498–505. 

Weldon, R. B., Corbin, J. C., & Reyna, V. F. (2014). Gist processing in judgment and decision 

making: Developmental reversals predicted by fuzzy trace theory. In Henry Markovits 

(Ed.) The Developmental Psychology of Reasoning and Decision-Making. NY, New 

York: Psychology Press. 

  



 
 
 

  110 

 
Table 1. Proportion of Correct Answers to Framing Number Questions  
Number Truncation 

Condition 
Non-Zero 
Complement 
Present 

Complete Zero 
Complement 
Present 

Total (within 
Truncation) 

Endowment Gain (600) .70 .80 .80 .76 
Loss (600) .76 .79 .75 .77 
Total 
(within 
Frame) 

.73 .80 .77 .77 

Presented 
Sure Option 

Gain (200 
saved) 

.80 .85 .83 .83 

Loss (400 
die) 

.82 .81 .77 .80 

Total 
(within 
Frame) 

.81 .83 .80 .81 

Unpresented 
Sure Option 

Gain (400 
NOT saved) 

.74 .75 .71 .73 

Loss (200 
Will NOT 
die) 

.76 .71 .70 .73 

Total 
(within 
Frame) 

.75 .73 .70 .73 

Zero 
Complement 

Gain (2/3 
chance 0 
saved) 

.23 .47 .61 .43 

Loss (1/3 
chance 0 
die) 

.23 .54 .56 .44 

Total 
(within 
Frame) 

.23 .51 .58 .44 

Non-Zero 
Complement 

Gain (2/3 
chance 600 
saved) 

.40 .47 .32 .40 

Loss (1/3 
chance 600 
die) 

.45 .51 .29 .42 

Total 
(within 
Frame) 

.43 .49 .31 .41 

Total   .59 .67 .63 .63 
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Figure 1. Framing effects across Truncation conditions. Error bars are SE 
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Figure 2. Higher decision confidence predicts larger framing effects. Error bars are SE 
  

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

Low Confidence High Confidence

%
 C

ho
os

in
g 

R
isk

y 
O

pt
io

n

Gain
Loss



 
 
 

  113 

 
Figure 3. Framing effects increase for high performing subjects in the memory/comprehension 
task in the Complete and Zero Complement Present Truncation conditions.  Error bars are SE. 
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Figure 4. Higher decision confidence predicts larger framing effects for subjects with perfect 
memory/comprehension scores. 
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CHAPTER 5 

Conclusion 

The three chapters above took developmental, individual differences, and experimental 

approaches in examining fuzzy-trace theory’s conception of judgment and decision making.  All 

three approaches converged on a picture of judgment and decision making processes that are 

driven by a growing reliance on meaningful representations.  These approaches supported the 

hypothesis that gist-based intuition is distinct from the associative intuition conceived of by 

standard dual process theories (Reyna, 2012; Reyna & Brainerd, 2011).  Although both standard 

dual process theories and fuzzy-trace theory implicate intuition in supporting risky-choice 

framing effects (Kahneman, 2003; De Martino, Kumaran, Seymour, & Dolan, 2006), fuzzy-trace 

theory avoids conflating process with outcome.  In other words, just because gist-based intuition 

encourages framing effects does not mean that the processes underlying formation of a 

meaningful gist are based on meaningless association.  On the contrary, fuzzy-trace theory 

considers gist-based intuition to be an advanced process (Reyna, Chick, Corbin, & Hsia, 2014; 

Weldon, Corbin, & Reyna, 2014).  

First, we reviewed evidence that demonstrated the developmental trajectory of gist and 

verbatim memory representations, with gist lagging behind verbatim for children, but quickly 

surpassing verbatim as development continued through adolescence and young adulthood.  This 

trajectory was supported by evidence that risky-choice framing effects actually increased with 

both age and expertise.  Furthermore, the categorical gist representations underlying framing 

were found to support improved outcomes in real world decision making by encouraging the 

avoidance of behaviors that held the potential for catastrophic outcomes (Adam & Reyna, 2005; 

Reyna & Adam, 2003; Wilhelms, Reyna, Brust-Renck, Weldon, & Corbin, 2014).   
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Next, we took an individual differences approach to the roles of verbatim and gist 

processing in avoiding and supporting (respectively) within-subjects framing effects.  Whereas 

again, gist reliance led to greater bias in this paradigm, the standard view that this reflects an 

associative, primitive form of intuition was not tenable.  Specifically, the fact that individual 

differences in categorical gist thinking correlated positively with numeracy flies in the face of 

such a claim.  Furthermore, measures of deliberative thinking (need for cognition and decision 

time) showed no relationships with framing, suggesting that those individuals who spent more 

time on each problem were just as likely to demonstrate framing as those who were fast.  These 

results suggest that bias in decision making is not always a matter of thinking fast or slow –

particularly when bias results from reliance on a meaningful memory representation.  

Chapter 3 also went beyond the role of mental representation in framing, and examined 

how the goal of cognitive consistency influenced within-subjects framing.  Results indicated that 

priming cognitive consistency led to decisions that were more consistent with the initially 

presented frame.  However, priming consistency did not influence the effect of frame, but rather 

shifted overall preference.  Analysis of timing data suggested that subjects were not consciously 

aware of goal activation, with faster response times when the goal was primed.  This result 

corresponds with previous work on consistency priming in the area of judgment, which 

demonstrated goal activation with no conscious awareness (Russo, Carlson, Meloy, & Yong, 

2008).  This novel approach of priming goal activation opens up new opportunities for 

understanding the role of consistency in judgment and decision making. 

Finally, the fourth chapter combined an individual differences and experimental approach 

in order to test competing dual process theory explanations for framing.  Specifically, we 

measured decision confidence and memory accuracy for numeric amounts and also selectively 
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truncated the risky option of the problem to either emphasize the categorical gist (the zero 

complement), a verbatim representation (the non-zero complement), or give equal emphasis to 

both (providing both complements).  Results supported fuzzy-trace theory’s predictions, with 

higher decision confidence and better memory accuracy (particularly for the zero complement) 

predicting larger framing effects.  Furthermore, the effect of truncation persisted even for those 

with perfect memory, supporting fuzzy-trace theory’s selective attention account of framing 

(Chick, Reyna, & Corbin, in press). 

The evidence reviewed above points to the importance of considering mental 

representation when formulating a theoretical perspective on judgment and decision making.  

Many dual process approaches fail to differentiate gist-based intuition from rote, associative 

intuition. Whereas fuzzy-trace theory does not discount the existence of associative processes in 

memory (Corbin, Liberali, Reyna, & Brust-Renck, 2014), it does emphasize the fact that this 

form of intuition does not capture the complexity of gist-based intuition.  Research taking a 

fuzzy-trace theory approach has emphasized the differences between gist-based and associative 

intuition with developmental approaches – demonstrating increases in gist-based intuition with 

age and expertise (Furlan, Agnoli, & Reyna, 2012; Reyna & Lloyd, 2006; Reyna et al., 2014; 

Weldon, Corbin, & Reyna, 2013); experimental approaches – manipulating meaningful aspects 

of problems to influence decision making (Kuhberger & Tanner, 2010; Reyna et al., 2014), and 

individual differences approaches – relating increased reliance on gist representations to positive 

real world outcomes (Reyna et al., 2011; Reyna, Wilhelms, McCormick, & Weldon, 2015; 

Wilhelms, Reyna, Brust-Renck, Weldon, & Corbin, 2014).  This overwhelming evidence for gist 

suggests that in order for continued progress on the role of intuition in judgment and decision 

making, research must account for the the role of meaningful gist-based intuition. 
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APPENDIX A 

Framing Problems from Chapter 3 

Framing Problems 

A ship hits a sunken barge and is sinking in the middle of the ocean. There are 60 people on the 

ship. Their lives are in danger. Two options are proposed which you have to choose from. 

Gain 

A: 20 people saved for sure 

B: 1/3 probability 60 people saved and 2/3 probability no one saved 

Loss 

A: 40 people die for sure 

B: 2/3 probability 60 people die and 1/3 probability no one dies 

 

Spinach products contaminated with a deadly strain of E. coli are expected to kill 600 people. 

You have a choice between two programs to combat the disease. 

Gain 

A: 200 people saved for sure 

B: 1/3 probability 600 people saved and 2/3 probability no one saved 

Loss 

A: 400 people die for sure 

B: 2/3 probability 600 people die and 1/3 probability no one dies 
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A bomb has been found in an office building containing 1,000 people, as owner of the building 

you must decide between two escape plans. 

Gain 

A: 400 people saved for sure 

B: 2/5 probability 1,000 people saved and 3/5 probability no one saved 

Loss 

A: 600 people die for sure 

B: 3/5 probability 1,000 people die and 2/5 probability no one dies 

 

The United States is expecting the outbreak of a new strain of AIDS which is expected to kill 

2000 persons. Two alternative programs were developed to combat the disease. You have a 

choice between two programs to combat the disease.  

Gain 

A: 800 people saved for sure 

B: 2/5 probability 2,000 people saved and 3/5 probability no one saved 

Loss 

A: 1,200 people die for sure 

B: 3/5 probability 2,000 people die and 2/5probability no one dies 
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Imagine that a new strain of flu is expected to kill 10,000 people this year.  

You have a choice between two drug trials. 

Gain 

A: 5,000 people saved for sure 

B: 1/2 probability 10,000 people saved and 1/2 probability no one saved 

Loss 

A: 5,000 people die for sure 

B: 1/5 probability 10,000 people die and 1/2 probability no one dies 

 

 

 

 

 

 


