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suggests that the characteristics of the decision problem, including response mode, presen-
tation mode, and choice-set structure, are critical to predicting preference reversals related
to decisions under risk and uncertainty, over time, and between product assortments, as
well as presentation mode reversals involving joint versus separate evaluations, and
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1. Introduction

Revealed preferences that are inconsistent with standard economic models of human decision making have been docu-
mented over the past five decades. Numerous specific decision anomalies, including the Allais paradox (Allais, 1953), present
bias (Frederick, Loewenstein, & O’'Donoghue, 2002), the Ellsberg paradox (Ellsberg, 1961), the zero price effect (Shampanier,
Mazar, & Ariely, 2007), the comparative ignorance hypothesis (Fox & Tversky, 1995) and preference reversals between choice
and monetary valuation tasks (Lichtenstein & Slovic, 1971), have been explained by various models which are domain-
specific (i.e., models which only consider decisions under risk or which only apply to decisions over time) and which are
task-specific (i.e., models which only account for changes in the choice set, or which only account for changes in the response
mode or the presentation mode). Notably, however, a unifying framework that systematically explains inconsistent prefer-
ences across multiple domains of individual choice or across different types of decision tasks has yet to be offered.
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In this research, we propose a Dual Process Evaluability Framework (DPEF) to explain preference reversals” across an array
of decision problems. Our framework is grounded in two major literature streams on judgments and decisions: evaluability
theory (Hsee, 1996; Hsee, Loewenstein, Blount, & Bazerman, 1999; Hsee & Zhang, 2010) and the plethora of dual process models
in psychology and economics (Brocas & Carrillo, 2014; Chaiken, 1980; Hsee & Rottenstreich, 2004; Kahneman & Frederick, 2005;
Rubinstein, 2007; Sloman, 1996; Stanovich & West, 2000). DPEF, in contrast to past work, suggests that objective features of a
decision task, in particular, response mode, choice-set structure, and presentation mode, directly affect the ease of evaluation of
choice alternatives. Consistent with theoretical work by Hsee and his colleagues, and with experimental work by Alter,
Oppenheimer, Epley, and Eyre (2007) and Inbar, Cone, and Gilovich (2010), DPEF predicts that when the evaluation of choice
alternatives is easy, the decision is governed by intuition or feeling-based (System 1) processes, whereas when the evaluation
of choice alternatives is difficult, the decision is governed by logical or calculation-based (System 2) processes. DPEF further
links evaluability with choice behavior for an array of decision domains and decision tasks involving risk, time, ambiguity,
product assortment, and social preference.

We next provide a brief review of well-documented decision anomalies and behavioral decision theory explanations. We
proceed with providing the theoretical underpinnings of DPEF, and document that DPEF accounts for a range of preference
reversals across decision domains and across decision tasks that are not accounted for by traditional models which are
typically domain-specific and task-specific. We then report on three experiments that offer evidence that DPEF provides
explanations for novel choice task-attractiveness rating reversals in decisions under risk which, to our knowledge, have
not been previously tested. Thus, our research contributes to the understanding of judgment and decision making by offering
a framework which predicts how fundamental properties of a decision problem systematically produce well-documented
decision anomalies across different decision domains and different decision tasks.

2. Decision anomalies and behavioral decision theories

A large literature has focused on addressing decision anomalies over the past fifty years. In this work, we consider three
genres of decision anomalies. First, choice task reversals hold the response mode and presentation mode fixed, but vary the
choice-set structure. Such reversals typically involve a choice between two alternatives (A and B) in one choice-set and
between two different alternatives (C and D) in another choice-set, where the alternatives across choice-sets are related
by a normative principle of decision making which is violated by the decision maker’s pair of choices. A majority of the
well-studied decision anomalies are of this nature (see exemplars in Table 1; CS refers to choice-set). Included are: the Allais
paradoxes (Allais, 1953), involving decisions under risk, in which the decision maker chooses between alternatives (referred
to as lotteries) with well-defined probabilities (CS-1-CS-4); present biased decisions (e.g., Frederick, Loewenstein, &
O’Donoghue, 2002) involving choices between immediate and delayed outcomes (CS-5, CS-6); the Ellsberg paradox
(Ellsberg, 1961) involving decisions under uncertainty (or ambiguity) in which there is some missing information about
the probabilities of particular events (CS-7, CS-8); and the zero price effect (Shampanier et al., 2007) focused on decisions
between product assortments where the item value and cost may vary (CS-9, CS-10). A second genre of decision anomalies,
presentation mode reversals, includes reversals in which choice alternatives are presented jointly versus separately, while
holding the choice alternatives and response mode fixed; the comparative ignorance effect (CS-11) is an example. Third,
we consider response mode reversals which are a consequence of varying the response mode, while holding choice alterna-
tives and presentation mode fixed; an illustration is contrasting an attractiveness rating task with a monetary valuation task
(CS-12).

In addition, we consider several anomalies which have thus far been classified as response mode reversals or as
presentation mode reversals in the literature, but which according to our definitions are more appropriately labeled response
mode-presentation mode reversals, because the design of these problems confounds presentation mode with response mode.
For example, the preference reversal between choice tasks and monetary valuation tasks identified by Lichtenstein and
Slovic (1971) and replicated by Tversky, Slovic, and Kahneman (1990) and others, is often viewed as a response mode
reversal; however, the choice alternatives (lotteries) illustrated in CS-13 were presented jointly, whereas the assessment
of monetary value of each lottery was solicited in isolation. Similarly, although Hsee (1996) cites Bazerman, Loewenstein,
and White (1992) as the first example in the literature of a presentation mode reversal, Bazerman et al. (1992) elicited
choices jointly and attractiveness ratings separately for each alternative (CS-14).

As shown in Table 2, an array of behavioral decision theories have been offered to explain specific decision anomalies. For
example, prospect theory (Kahneman & Tversky, 1979), cumulative prospect theory (Tversky & Kahneman, 1992), and the
dual system model (Mukherjee, 2010) offer explanations for the Allais common ratio effect, the Allais common consequence
effect, and the Ellsberg paradox. Models of hyperbolic or quasi-hyperbolic discounting (Laibson, 1997; Loewenstein & Prelec,
1992) provide an explanation for present bias. The model of probability-time tradeoffs (Baucells & Heukamp, 2012)
simultaneously explains the Allais common ratio effect and present bias. Regret theory (Bell, 1982; Loomes & Sugden,
1982) and salience theory (Bordalo, Gennaioli, & Shleifer, 2012) explain the Allais paradoxes and choice task-monetary
valuation reversals (Lichtenstein & Slovic, 1971). The contingent weighting model (Tversky, Sattath, & Slovic, 1988) explains

2 We use ‘preference reversal’ as a general term for inconsistent responses to decision problems. We note that reversals which shift from a strict preference to
an indifference (e.g., the comparative ignorance effect) may be more appropriately labeled as inconsistency or incoherence.
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Table 1
Classical decision anomalies with exemplar tasks.

185

Classical Decision Anomaly

Key reference

Choice task reversals
Allais common ratio effect
CS-1 A. ($3000, 1)
CS-2 C. ($3000, 0.25; $0, 0.75)

Allais common consequence effect
CS-3 A. ($2400, 1)
CS-4 C. ($2400, 0.34, $0, 0.66)

Present bias
CS-5 A. $20 now
CS-6 C. $20 in five years from now

Ellsberg paradox
CS-7 A. $100 if Red drawn from Bag A
CS-8 C. $100 if Black drawn from Bag A

Zero price effect
CS-9 A. $10 gift card for free
CS-10 C. $10 gift card for $1

Presentation mode reversals

Comparative ignorance effect (valuations: joint vs. separate)

CS-11 A. $100 if Red drawn from Bag A

Response mode reversals

B. ($4000, 0.8; $0, 0.2)
D. ($4000, 0.2; $0, 0.8)

B. (82400, 0.66; $2500, 0.33; $0, 0.01)
D. ($2500, 0.33; $0, 0.67)

B. $30 in one year from now
D. $30 in six years from now

B. $100 if Red drawn from Bag B
D. $100 if Black drawn from Bag B

B. $20 gift card for $7
D. $20 gift card for $8

B. $100 if Red drawn from Bag B

Attractiveness rating-monetary valuation reversal (separate)

CS-12 A. (29/36 chance to win $2)

Response mode—-presentation mode reversals

Choice task (joint)-monetary valuation (separate) reversal

CS-13 A. ($100, 0.89; $0, 0.11)

Choice task (joint)-attractiveness rating (separate) reversal

CS-14 A. ($500 for self; $500 for other)

B. (7/36 chance to win $9)

B. ($1000, 0.11; $0, 0.89)

B. ($600 for self; $800 for other)

Kahneman and Tversky (1979)

Kahneman and Tversky (1979)

Frederick et al. (2002)

Ellsberg (1961)

Shampanier et al. (2007)

Fox and Tversky (1995)

Slovic et al. (2002)

Tversky et al. (1990)

Bazerman et al. (1992)

CS refers to choice-set.

Table 2
Paradoxes resolved by behavioral decision theories.
Prospect theory Hyperbolic Regret theory Probability Contingent Dual
and discounting and time weighting Process
dual system model theory salience theory tradeoff theory Evaluability
Framework
Choice task reversals
Allais common ratio effect p P p p
Allais common consequence effect P P p p
Present bias P P p
Ellsberg paradox P p
Zero price effect P
Presentation mode reversals
Comparative ignorance P
Response mode reversals
Attractiveness rating-Monetary valuation p p
reversal
Response mode-presentation mode reversal
Choice task (joint)-monetary valuation P P p
(separate)
Choice task (joint)-attractiveness rating P p
(separate)

P indicates that this model resolves the identified paradox.

response mode reversals between choice and monetary value tasks and between monetary value tasks and attractiveness
ratings. Thus, leading theories provide explanations for decision anomalies related specifically to decision domains of risk
and uncertainty, time, product assortment, and social preference, but not across these decision domains. Further, leading
theories provide explanations focused on a particular genre of reversals (e.g., choice task reversals, presentation mode rever-
sals, or response mode reversals), but not across these types of reversals. However, to the extent these phenomena are gen-
erated by the same types of decision makers, one might suspect that a domain-general approach which considers the
decision making process might account for a wider range of anomalies.
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3. A Dual Process Evaluability Framework

The Dual Process Evaluability Framework, introduced here, consistently predicts the decision anomalies listed in Table 2.
In the following section, we provide the theoretical underpinnings of DPEF, and provide theoretical evidence that a variety of
decision anomalies can be explained by examining three characteristics of decision problems (response mode, choice-set
structure, and presentation mode) and by linking these characteristics to the ease of evaluation of the decision problem
(evaluability theory), and subsequently to the valuation process (dual process theory) to predict preference reversals. In
Fig. 1, we illustrate how the response mode (such as a choice task, attractiveness rating, and monetary valuation), the
choice-set structure (categorical vs. incremental differences), and the presentation mode (joint vs. separate) are related,
and how they are linked to the evaluation process and choice behavior under DPEF.

3.1. Characteristics of the decision problem

In defining the objective characteristics of the decision problem, response mode refers to the format in which preferences
among the alternatives are expressed. We focus on three major types of response modes for which preference reversals have
been established. First, choice tasks ask the decision maker to choose from a given set of alternatives in two choice-sets. Sec-
ond, attractiveness rating tasks involve the decision maker indicating a favorability or preference rating for each alternative
on an attractiveness rating scale. Third, monetary value tasks require the decision maker to provide a monetary valuation,
such as a minimum selling price, for each alternative.

We use the term choice-set structure to refer to properties of alternatives in a choice set such as whether the alternatives
differ categorically (risk vs. no risk; high vs. low risk) or incrementally (a small change in the degree of risk). Hsee and Zhang
(2010) argue that choice tasks in which alternatives differ categorically are easier to evaluate than choice tasks where alter-
natives differ incrementally. We further propose that attractiveness rating tasks involve an affect-based rating and are easier
to assess, whereas monetary value tasks involve a calculation and are more difficult to assess.

Presentation mode refers to whether the alternatives are presented and evaluated jointly (as is the case in choice tasks) or
separately (as is usually the case in attractiveness rating and monetary value tasks). Hsee and Zhang (2010) propose that
alternatives are easier to evaluate under joint presentation than under separate presentation. Under DPEF, a principle role
of presentation mode will be to determine whether the level of evaluability (easy vs. difficult) of a decision task is based
on the response mode or on the choice set structure because choice set structure is only transparent in joint evaluation.
In typical studies of preference reversals, it is also the case that the effects of response mode and presentation mode are con-
founded in decision tasks.

Given the choice-set structure, response mode, and presentation mode, DPEF provides a mechanism for predicting when a
decision maker will rely more on feeling and intuition (when the decision task is easy; i.e., when choice task alternatives
differ categorically or the response mode involves an attractiveness rating), and when the decision maker will rely more
on reason and calculation (when the decision task is difficult, i.e., when choice task alternatives differ incrementally, or when
the response mode involves an assessment of monetary value). Note that an important role of presentation mode is to
determine whether the choice-set structure (categorical or incremental differences) will affect responses, because such
differences between alternatives can only be evaluated in joint presentation.

3.2. Characteristics of decision problems and ease of evaluation

Past work in judgment and decision making has linked characteristics of decision tasks to evaluability (e.g., Hsee, 1996;
Hsee & Zhang, 2010; Hsee et al., 1999). Herein, we address how DPEF relates the specific aspects of response mode, choice-
set structure, and presentation mode to the ease of evaluation of the decision task, drawing on generalized evaluability
theory (Hsee & Zhang, 2010). First, we consider the response mode of choice tasks and their underlying choice-set structure.
Several of the classic choice task reversals involve a choice-set structure where alternatives in one choice-set are
categorically different (i.e., risk vs. no risk; high vs. low risk) and the other involves alternatives that are incrementally dif-
ferent (i.e., a small change in the degree of risk). Table 1 provides an illustration. CS-1 involves a choice between receiving
$3000 with certainty (option A) and having an 80% chance of receiving $4000 (option B), and thus involves a categorical
difference (no risk vs. risk). Alternatively, CS-2 involves a decision between two incrementally different risky alternatives,
in which the probability of getting $3000 is .25 (option C) and in which the probability of getting $4000 is .2 (option D).

Our distinction between presentation mode, choice-set structure, and response mode reflects key features of a decision task
which systematically prime the decision process and the decision process systematically influences behavior. These DPEF
task characteristics might be considered in relation to the three factors of evaluability theory, mode, knowledge, and nature,
which affect the ease of evaluating information (Hsee & Zhang, 2010). Hsee and Zhang refer to mode as whether different
pieces of the information being evaluated are presented separately versus jointly, analogous to presentation mode in our
context. The classic choice task reversals in the literature involve two alternatives which are jointly presented to the decision
maker, whereas alternatives in attractiveness rating tasks and monetary value tasks have typically been presented in
isolation such that only one alternative is viewed by the decision maker when assessing that alternative’s attractiveness
or monetary value (Lichtenstein & Slovic, 1971; Slovic, Finucane, Peters, & MacGregor, 2002; Tversky et al., 1990). Thus,
presentation mode in DPEF and mode in evaluability theory are essentially comparable.
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Also for ambiguity averse, loss averse, and inequality averse decisions.
PAlso for ambiguity neutral, loss neutral, and inequality neutral decisions.

Fig. 1. Overview of the Dual Process Evaluability Framework.

Knowledge and nature according to Hsee and Zhang (2010) are internal psychological characteristics. Hsee and Zhang
(2010) argue that people have more knowledge about categorical distinctions whereby attributes differ in sign or type, than
they do about incremental differences, which makes categorically different alternatives easier to evaluate than incrementally
different alternatives. Thus in DPEF, there is a link between knowledge and choice-set structure in that choice-set structures
involving categorically different alternatives are easier to evaluate than those with incrementally different alternatives. Fur-
ther, Hsee and Zhang (2010, p. 345) state that nature “refers to whether human beings have an innate and stable physiolog-
ical ‘scale’ (reference system) to evaluate values on an attribute. The attribute is inherently evaluable if they do or inherently
inevaluable if they do not.” Hsee and Zhang provide ambient temperature as an example of a scale which is inherently
evaluable. DPEF posits that because attractiveness ratings require individuals to provide an assessment of how much they
‘like’ each of the alternatives in a decision task, an attractiveness rating scale may elicit a physiological response, and thus
be inherently evaluable. Indeed, happiness rating scales, a type of attractiveness rating, have been found to correlate with
biochemical factors such as dopamine levels (Depue, 1995) and with frequency of spontaneous smiling (Ekman,
Davidson, & Friesen, 1990) suggesting that they do elicit a physiological response. In this respect, individuals responding
to attractiveness rating scales appear to be providing an affect-based rating, and we posit that affect and liking based
evaluations are relatively ‘easy’ to provide because affective processes are typically effortless and automatic. In contrast a
monetary value task requires individuals to provide a numerical indifference point for each alternative (e.g., “What is the
most you are willing to pay to have an 80% chance of winning $4000?”). This assessment is less evaluable, requires more
thought and is more difficult to provide. In other words, the attractiveness rating task is more easily evaluable than the
monetary value task because people are more likely to have an innate and stable physiological scale for assessing ‘liking’ than
for providing a precise numerical indifferent point. Hence, we suggest a correspondence between nature, an internal,
psychological factor in evaluability theory (Hsee & Zhang, 2010) and response mode, an objective characteristic of a decision
task in DPEF.

With regard to the correspondence between task characteristics and evaluability factors, DPEF posits that presentation
(joint vs. separate) mode influences whether the decision maker will be more sensitive to choice-set structure (knowledge)
or to the response mode (nature) because categorical or incremental differences are detectable in joint (but not separate)
presentation.

To summarize, and as illustrated in Fig. 1, DPEF distinguishes between three characteristics of a decision task - response
mode, choice-set structure, and presentation mode. As related to the choice task response mode, DPEF posits that choice sets
characterized by categorical differences are subjectively easier to evaluate, whereas those characterized by incremental dif-
ferences are more difficult to evaluate, consistent with Hsee and Zhang (2010). Additionally, DPEF posits that an attractive-
ness rating task involves evaluating choice alternatives using an assessment of liking which is inherently evaluable and can
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elicit a physiological response, whereas a monetary value task is more difficult to evaluate as it requires a precise numerical
response as well as learning or social comparison to judge the value of an alternative. Further, DPEF posits that choice-set
structure receives more weight in joint presentation (where it is transparent and facilitates comparisons between alterna-
tives), than in separate presentation (where it is obscured), in which case the decision maker is relatively more sensitive to
response mode effects.

3.3. Linking evaluability to the process and choice stages

To link ease of evaluation to choice to explain decision anomalies, DPEF draws upon evaluability theory and dual process
theory to distinguish between three stages of a decision: a perceptual evaluability stage (whether the decision task seems
easy or difficult to evaluate), a process stage (whether a decision maker chooses by feeling or calculation) and a choice stage
(in which the decision maker expresses the preference of the engaged valuation process) (see also Payne, Bettman, &
Johnson, 1993). At the evaluability stage, DPEF proposes that the objective features of a decision task (and in particular
presentation mode, choice-set structure, and response mode) influence whether the task will be perceived as relatively easy
or difficult to evaluate, as outlined in Sections 3.1 and 3.2.

At the process stage, DPEF posits that the evaluability of the decision task determines whether the choice is primarily
governed by feeling-based or by calculation-based processes (consistent with Hsee and Rottenstreich’s distinction between
two broad types of valuation mechanisms used in decision making - valuation by feeling and valuation by calculation). We
use ‘feeling’ to refer to automatic, intuitive and affective processes, in line with common conceptions of dual process theories
(Kahneman, 2003), and ‘calculation’ to refer to increased cognitive effort, thinking, or contemplation. (i.e., to indicate that
people are engaged with thinking more about, but not necessarily calculating expected values for, the choice alternatives).
Specifically, we argue that easily evaluable decisions, which induce little effort, engage intuitive or feeling-based processes,
whereas difficult decisions, requiring greater effort, are evaluated by reason or calculation-based processes (see also Shah &
Oppenheimer, 2008). Alter et al. (2007) found that decreasing processing fluency by presenting information in a degraded
font or difficult-to-read lettering led to more analytical reasoning. In a related finding, Inbar et al. (2010) found that “More
complex products elicited a preference for choosing rationally, whereas simpler products elicited preference for choosing
intuitively” (p. 237). These observations suggest that the ease of evaluating information or choice alternatives can influence
the type of processes that are engaged. Grounded in these observations, DPEF argues that level of evaluability (easy or
difficult) corresponds to the mode of valuation (feeling or calculation). Further, whereas leading paradigms such as the
somatic markers hypothesis (Damasio, 1994), the affect-as-information hypothesis (Schwarz & Clore, 1983), or the affect
heuristic (Slovic et al., 2002) provide insight into how affect is used as an input to judgment and decisions, DPEF provides
a mechanism for systematically predicting when affect (vs. calculation) will dominate in a given decision task.

At the choice stage, DPEF builds on dual process theory by proposing that valuation by feeling is averse to risk, ambiguity,
time delays, prices, and inequitable allocations, whereas valuation by calculation has neutral attitudes toward risk, uncertainty,
time delays, costs, and inequality. We thus propose that decisions in which valuation by feeling dominates are inherently risk-
averse, ambiguity-averse, impatient, loss-averse, and inequality-averse, whereas those in which valuation by calculation dom-
inates are inherently risk neutral, ambiguity neutral, patient, loss neutral, and inequality neutral® (see Table 3).

A large literature in both social psychology and behavioral decision theory views evaluative judgments through the lens
of a dual process framework (Barbey & Sloman, 2007; Chaiken, 1980; Hsee & Rottenstreich, 2004; Kahneman & Frederick,
2005; Stanovich & West, 2000). One question which naturally arises for dual process models is what behavior would be pre-
dicted when a particular process is dominant. For the domains of risk and time delays, Frederick (2005) finds evidence that
individuals who rely on calculation tend to be more consistent with expected value maximization (risk-neutrality) and more
patient than individuals who rely predominantly on feeling and intuition. To the extent that greater reliance on logic and cal-
culation is associated with higher cognitive skills, Burks, Carpenter, Goette, and Rustichini (2009, p. 7747) found, “individuals
making choices just shy of risk-neutrality have significantly higher cognitive skills than those making either more risk-averse
or more risk-seeking choices.” Loewenstein, Hsee, Weber, and Welch (2001) argue that affect is averse to risk in a wide
variety of situations, and Woelbert and Goebel (2013) provide further evidence that decisions governed by feeling are often
risk-averse and impatient. Further, Hsee and Rottenstreich (2004) find that the value function for feeling (calculation) is
concave (linear), consistent with the hypothesis that valuation by feeling is risk-averse and valuation by calculation
maximizes expected value.

Herein, we assume that valuation by feeling is risk-averse, consistent with the shape of the affective value function
estimated by Hsee and Rottenstreich (2004). This perspective enables DPEF to resolve the key violations of rational decisions
under risk (Allais, 1953), even when both valuation mechanisms are consistent with the axioms of rational choice (Von
Neumann & Morgenstern, 1947). Valuation by feeling, however, also may be systematically risk-seeking. For instance,
Rottenstreich and Hsee (2001) find that inverse S-shaped non-linear probability weighting is more pronounced for affect-
rich outcomes. If we assume this functional form for valuation by feeling, our results continue to hold. Moreover, this
prospect theory perspective for valuation by feeling enables DPEF to explain the observation that the same person may

3 ‘Risk-neutral’ means expected value maximization (i.e., the utility function is linear), ‘ambiguity neutral’ means expected utility maximization (in which
case the utility function can have any shape), and ‘loss neutral’ implies that equivalent gains and losses are weighted equally in a decision. Thus, expected value
maximization simultaneously implies risk-neutrality, ambiguity neutrality, and loss neutrality.
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Table 3

Behavior triggered by valuation by feeling and valuation by calculation.
Decision domain Valuation by feeling Valuation by calculation
Risk Risk-averse Risk-neutral
Uncertainty Ambiguity-averse Ambiguity-neutral
Time Impatient (delay-averse) Patient
Product assortment Loss-averse Loss-neutral
Social preference Inequality-averse Inequality-neutral

purchase both lottery tickets and insurance policies, thereby exhibiting both risk-seeking and risk-averse behavior in com-
mon decisions.

For decisions under risk, outcomes (e.g., the chance of winning $4000) are accompanied with information about their
probability of occurrence (e.g., 80%). Evidence exists that affect is also involved in evaluating decisions under ambiguity
(where some probabilistic information is missing). O’'Doherty et al. (2001) note that the orbitofrontal cortex (OFC) is impli-
cated in emotion and emotion-related learning. Patients with lesions to the OFC may need to rely more on valuation by cal-
culation than on feeling to cope with everyday decision problems. Interestingly, Hsu, Bhatt, Adolphs, Tranel, and Camerer
(2005) found that patients with lesions to the OFC were both risk-neutral and ambiguity-neutral, whereas patients in a com-
parison group with lesions not involving the OFC were mostly risk-averse and ambiguity-averse. Further, Rubaltelli, Rumiati,
and Slovic (2010) found experimental evidence that ambiguity aversion is driven by affect.

In sum and as illustrated in Fig. 1, at the process stage, DPEF posits that easily evaluable decision tasks (such as those
involving categorical differences or assessments of liking) evoke valuation by feeling, whereas less evaluable decisions (such
as those involving incremental differences or assessments of monetary value) evoke valuation by calculation. At the choice
stage, DPEF argues that valuation by feeling is averse to risk, uncertainty, time delays, prices, and inequality, whereas val-
uation by calculation is neutral toward these factors. This framework thus implies that decision tasks which alter the relative
influence of feeling or calculation will lead to systematic and predictable shifts in choice behavior.

4. Tenets of DPEF and resolution of preference reversals

As noted, from a theoretical perspective, the tenets of DPEF are grounded in three stages: (1) evaluability of the decision
problem (as determined by response mode, choice-set structure and presentation mode), (2) process (valuation by feeling
versus calculation), and (3) choice (i.e., risk-averse vs. risk neutral behavior). The main tenets are:

(i) The level of evaluability (easy vs. difficult) systematically influences the mode of valuation (feeling vs. calculation).
(ii) The mode of valuation influences choices (as outlined in Table 3).

We next consider the applicability of DPEF to choice task reversals, presentation mode reversals, response mode reversals,
and response mode-presentation mode reversals. Table 4 provides a summary of these preference reversals explained by
DPEF along with the predictions of DPEF at each of the three stages (evaluability, process, and choice).*

4.1. DPEF applied to choice task reversals

Choice task reversals account for the majority of well-studied inconsistent preferences, including the Allais paradoxes, the
Ellsberg paradox, hyperbolic discounting, and the zero price effect (CS1 through CS-10). We note that the choice task
problems involve a joint presentation mode of two alternatives in two choice-sets (A or B and C or D). With regard to five
well-documented choice anomalies, DPEF provides a mechanism for systematically predicting when affect or calculation will
dominate given the choice-set structure. In the following sections, we describe choice task reversals and propose the DPEF
resolution.

4.1.1. The Allais paradoxes

The most noted violations of expected utility theory (EUT), the normative economic model for decisions under risk, are
the Allais paradoxes (Allais, 1953). Choice-sets 1 and 2 (Table 1 and below), a variant of the Allais common ratio effect (Allais,
1953; Kahneman & Tversky, 1979), involve a choice task where the individual chooses between A and B in CS-1 and between
Cand D in CS-2.

CS-1:
A: Receive $3000 with certainty.
B: Receive $4000 with probability 0.80 and $0 with probability 0.20.

4 The presentation mode (choice set structure) column in Table 4 displays the choice set structure (categorical vs. incremental differences) if the task
involved joint presentation, and otherwise notes that the task involved separate presentation since choice-set structure is only transparent in joint
presentation.
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Table 4

Decision anomalies explained by DPEF.
Preference Decision Response mode Presentation mode Evaluability stage Process stage/ Choice stage/
reversals anomaly (choice-set structure) valuation mode valuation property

Choice task reversals
Allais common ratio

Risk CS-1 Choice task Joint (Categorical) Easy Feeling Risk-averse
CS-2 Choice task Joint (Incremental) Difficult Calculation Risk-neutral
Allais common consequence

Risk CS-3 Choice task Joint (Categorical) Easy Feeling Risk-averse
CS-4 Choice task Joint (Incremental) Difficult Calculation Risk-neutral
Present bias

Time CS-5 Choice task Joint (Categorical) Easy Feeling Impatient
CS-6 Choice task Joint (Incremental) Difficult Calculation Patient
Ellsberg paradox

Uncertainty CS-7 Choice task Joint (Categorical) Easy Feeling Ambiguity-averse
Cs-8 Choice task Joint (Categorical) Easy Feeling Ambiguity-averse
Zero price effect

Product assortment CS-9 Choice task Joint (Categorical) Easy Feeling Loss-averse
CS-10 Choice task Joint (Incremental) Difficult Calculation Loss-neutral

Presentation mode reversals
Comparative ignorance effect

Uncertainty CS-11 Monetary valuation Joint (Categorical) Easy Feeling Ambiguity-averse
CS-11 Monetary valuation Separate Difficult Calculation Ambiguity-neutral

Response mode reversals
Attractiveness rating-monetary valuation preference reversal

Risk CS-12 Attractiveness rating Separate Easy Feeling Risk-averse
CS-12 Monetary valuation Separate Difficult Calculation Risk-neutral

Response mode-presentation mode reversals
Choice task-monetary valuation preference reversal

Risk CS-13 Choice task Joint (Categorical) Easy Feeling Risk-averse
CS-13 Monetary valuation Separate Difficult Calculation Risk-neutral
Choice task-attractiveness rating preference reversal
Social preference CS-14 Attractiveness rating Separate Easy Feeling Inequality-averse
CS-14 Choice task Joint (Incremental) Difficult Calculation Inequality-neutral
CS-2:

C: Receive $3000 with probability 0.25 and $0 with probability 0.75.
D: Receive $4000 with probability 0.20 and $0 with probability 0.80.

Expected utility theory, based on a key axiom of independence, states that preferences between two choice alternatives
should be independent of the features which they have in common; if a decision maker prefers A to B, then she also prefers A
to B when they are combined in the same way with a common third alternative. Thus, EUT predicts that a decision maker,
choosing between A and B (CS-1) and between C and D (CS-2), will select either A and C or B and D. Research has documented,
however, that people often reveal inconsistent preferences by choosing A and D which violates the independence axiom. The
AD choice pattern is inconsistent with EUT because lotteries C and D can be obtained by combining lotteries A and B, respec-
tively, with the same outcome (a 75% chance of winning $0).

Under DPEF, CS-1 involves a categorical difference (certainty vs. risk), resulting in easy evaluation and valuation by feeling
is predicted to dominate at the process stage. At the choice stage, valuation by feeling favors the safer option (A), due to risk
aversion (see Fig. 1 and Table 3). For CS-2, which involves an incremental difference (winning probabilities of .20 vs. .25),
DPEF predicts valuation by calculation will dominate at the process stage because the evaluation is more difficult, and cal-
culation favors the risk-neutral option D. Thus, DPEF offers an explanation for the Allais common ratio effect.

The Allais common consequence effect (Allais, 1953; Kahneman & Tversky, 1979) is illustrated in CS-3 and CS-4; alterna-
tives A and B can be transformed into C and D by eliminating a 66% chance of winning $2400 (a common consequence) from
both alternatives. Here, individuals choose between A and B and between C and D:

CS-3:
A: Receive $2400 with certainty.
B: Receive $2400 with probability 0.66; $2500 with probability 0.33; $0 with probability 0.01.
CS-4:
C: Receive $2400 with probability 0.34 and $0 with probability 0.66.
D: Receive $2500 with probability 0.33 and $0 with probability 0.67.
EUT predicts that a person will choose either A and C or B and D, depending on level of risk aversion. Here again however, a
typical response pattern is choosing options A and D which violates expected utility theory.
As with the common ratio effect, the choice between A and B involves a categorical difference (certainty vs. risk). Hence,
at the process stage, valuation by feeling is predicted to be dominant, and at the choice stage, valuation by feeling favors the



M. Schneider, R.A. Coulter /Journal of Economic Psychology 51 (2015) 183-198 191

safer option (A), due to risk aversion. In contrast, alternatives C and D involve an incremental difference (winning probabil-
ities of .33 vs. .34). Thus, at the process stage, valuation by calculation is predicted to be dominant, and at the choice stage,
calculation favors the expected value-maximizing alternative (D). DPEF thus provides an explanation for the Allais common
consequence paradox.

4.1.2. Present bias
Similar to the Allais paradoxes, present bias involves choice-sets with a categorical difference (now vs. later) and an incre-
mental difference (e.g., five vs. six years). In CS-5 and CS-6, a decision maker chooses between A and B and between C and D:

CS-5:
A: Receive $20 now.
B: Receive $30 in one year from now.

CS-6:

C: Receive $20 in five years from now.
D: Receive $30 in six years from now.

Discounted utility theory (DUT), the classical theory for choices over time, assumes people discount the future at a con-
stant rate over time. Thus, individuals should select either A and C or B and D. However, many individuals select A and D, a
robust observation referred to as ‘present bias’ or hyperbolic discounting across a variety of studies (Frederick et al., 2002;
Laibson, 1997).

In considering the DPEF explanation for present bias, note that at the process stage in CS-5, valuation by feeling is pre-
dicted to dominate because evaluation is easier for categorical differences, and at the choice stage, valuation by feeling favors
the immediate option (A) due to impatience (see Table 3). However in CS-6, valuation by calculation is predicted to dominate
at the process stage because evaluation is more difficult for incremental differences (five vs. six years), and at the choice
stage valuation by calculation favors the longer delayed option (D), due to patience. Thus, DPEF provides an explanation
for present biased behavior.

Present bias is perhaps the anomaly which can be most intuitively attributed to the interaction between valuation
by feeling and calculation. Models of present bias have been proposed in which choice is the outcome of an intra-
personal game between competing dual selves (Fudenberg & Levine, 2006). Evidence for different systems involved
in present bias has also been tested empirically. McClure, Laibson, Loewenstein, and Cohen (2004) document separate
neural systems are involved in processing immediate versus delayed rewards, reporting “parts of the limbic sys-
tem. . .are preferentially activated by decisions involving immediately available rewards” (p. 503). It is well known that
the limbic system plays a critical role in emotional processing (e.g., Carr, lacoboni, Dubeau, Mazziotta, & Lenzi, 2004).
McClure et al. (2004) also observe “greater relative fronto-parietal activity when subjects choose longer term options”
(p. 503).

4.1.3. The Ellsberg paradox

The paradox of Ellsberg (1961), illustrated in CS-7 and CS-8, applies to decisions under uncertainty (or ambiguity) where
probabilities may be unknown. A decision maker draws from one of two bags of poker chips; each bag contains 100 chips.
Bag A contains 50 red chips and 50 black chips; Bag B contains red and black chips in an unspecified proportion. In CS-7 and
CS-8, the decision maker is given the choice between A and B, and between C and D:

CS-7:

A: Win $100 if a red chip is drawn from Bag A.
B: Win $100 if a red chip is drawn from Bag B.

CS-8:

C: Win $100 if a black chip is drawn from Bag A.
D: Win $100 if a black chip is drawn from Bag B.

Subjective expected utility theory (SEU), the normative model for choice under ambiguity, predicts that a decision
maker who has a strict preference for A will also choose D, in order to have consistent probabilistic beliefs about the
number of red chips in Bag B. In Ellsberg’s paradox, however, most people choose bets A and C which have a known
50-50 probability.

The Ellsberg paradox is notably different from the other anomalies in that it involves a categorical difference (known risk
vs. uncertainty) in both choice-sets. As such, DPEF predicts valuation by feeling to dominate in both, resulting in choices of A
and C. Because feeling is predicted to be ambiguity-averse (see Table 3), DPEF predicts the Ellsberg paradox, a preference for
Bag A (the known risk) in both choice-sets.

4.1.4. The zero price effect

Shampanier et al. (2007) identify the “zero price effect” anomaly in the domain of consumer choice when one choice-set
involves a “free option” and the other choice-set has alternatives with non-zero cost. To illustrate, suppose a decision maker
is faced with CS-9 and CS-10, choosing between alternatives A and B and between C and D:
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CS-9:
A: Receive a $10 Amazon.com gift card for free.
B: Receive a $20 gift card for $7.
CS-10:
C: Receive a $10 gift card for $1.
D: Receive a $20 gift card for $8.

Standard consumer theory in economics predicts that demand will adjust gradually to small changes in price. Thus, if the
vast majority of consumers prefer D over C, we should not observe the vast majority of consumers to reverse their preference
when the price of each option is decreased by $1. However, using real Amazon gift cards, large shifts in consumer demand
were observed by Shampanier et al. (2007). In particular, they found that most respondents selected alternatives A and D,
revealing a disproportionate preference for free items.

In the context of DPEF, the choice between A and B involves a categorical difference (free vs. cost), whereas the choice
between C and D involves an incremental difference. Thus DPEF predicts valuation by feeling to dominate in the choice
between A and B, and predicts valuation by calculation to dominate in the choice between C and D. Because valuation by
feeling is predicted to be loss-averse (Table 3), alternative A (the free option), is predicted by DPEF to be chosen over B.
In the choice between C and D, however, DPEF predicts valuation by calculation to be loss-neutral, and D, with the larger
net value ($12 surplus) is selected. Thus, DPEF provides an explanation for the zero price effect.

4.2. DPEF applied to presentation mode reversals and response mode reversals

4.2.1. The comparative ignorance effect

Reversals across presentation modes have been observed for decisions under ambiguity in a monetary value task in which
alternatives were presented both jointly and separately. In a prominent example referred to as the “comparative ignorance”
effect (Fox & Tversky, 1995), individuals were found to be ambiguity-averse when pricing alternatives in joint evaluation, but
were found to be ambiguity-neutral when pricing alternatives in isolation. Reconsider CS-11 in which the chance of drawing
a red chip from Bag A is known and the chance of drawing a red chip from Bag B is unknown. When A and B are presented
jointly, most monetary valuations assign a higher price to the ambiguity-averse option (Bag A). However, when A and B are
presented and evaluated in isolation, Fox and Tversky (1995) observed that most people provide very similar prices for A and
B, thereby exhibiting ambiguity neutrality.

According to DPEF, when the two bets are valued in isolation (i.e., separate presentation mode), there is no categorical
difference present, and the separate monetary valuation tasks cue valuation by calculation, which is predicted to be
ambiguity-neutral (as in Table 3). Under the joint presentation mode, the categorical difference (risk vs. ambiguity) is trans-
parent and evaluation is easier. Thus valuation by feeling is more influential in the joint presentation than in the separate
presentation, producing a shift in preference toward the ambiguity-averse option (Bag A) when alternatives are evaluated
jointly. DPEF thus predicts inconsistent preferences for a monetary valuation task that contrasts joint versus separate pre-
sentations of alternatives.

4.2.2. Attractiveness rating-monetary valuation reversal

Slovic et al. (2002) have illustrated a response mode reversal where expressed preferences differ across two response
modes, an attractiveness rating task and a monetary value task in which the alternatives (Table 1, CS-12) in each task were
evaluated in isolation (separate presentation mode). In other words, for each alternative, A and B, individuals provided an
attractiveness rating and a monetary valuation, in isolation. The alternatives involved a high probability-low payoff bet
(commonly referred to as a P-bet), and a low probability-higher payoff bet (referred to as a $-bet) as shown below:

A: P-bet: 29/36 chance to win $2.
B: $-bet: 7/36 chance to win $9.

Slovic et al. report that the P-bet (A) typically had a higher attractiveness rating than the $-bet (B), but the $-bet was typ-
ically priced higher in the monetary value task than the P-bet.

The attractiveness rating-monetary valuation reversal observed by Slovic et al. is naturally predicted by DPEF. An attrac-
tiveness rating (an assessment of liking) is easier to evaluate than a precise monetary indifference point. Thus, feeling is pre-
dicted to dominate when alternatives are evaluated in isolation using the attractiveness rating scale, and the P-bet (A) is
rated higher than the $-bet (B) due to risk aversion. In contrast, calculation is predicted to dominate when alternatives
are assigned a monetary value in isolation, and the $-bet (B) is priced higher than the P-bet (A) due to risk-neutrality (as
the $-bet has a higher expected value than the P-bet). Thus, DPEF provides a parsimonious account of attractiveness
rating-monetary valuation reversals.

4.3. DPEF applied to response mode-presentation mode reversals

The response mode-presentation mode reversals involve decision tasks that vary both the response mode and presenta-
tion mode.
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4.3.1. Choice task-monetary value reversal

In the original work on preference reversals involving a choice task and a monetary valuation task (Lichtenstein & Slovic,
1971), individuals first chose between a P-bet and a $-bet with a slightly higher expected value, and then priced each bet in
isolation. Participants frequently chose the P-bet in the choice task, but priced the $-bet higher in the monetary valuation
task, resulting in a preference reversal. An example from Tversky et al. (1990) is CS-13 (Table 1), in which a decision maker
is asked to choose between A and B (shown jointly), and subsequently is asked to give a monetary value for A and B
separately:

CS-13:

A: P-bet: Win $100 with probability 0.89 and $0 with probability 0.11.
B: $-bet: Win $1000 with probability 0.11 and $0 with probability 0.89.

Normative economic theories predict preferences to be ‘procedure invariant’, implying that the observed preferences
should be the same across response modes. However, Tversky et al. (1990) found 84% of participants chose A, but only
47% assigned a higher monetary value to A.

In the choice task, DPEF predicts that evaluation is easy and valuation by feeling is dominant because CS-13 involves a
large difference in probabilities (i.e., a categorical difference of low risk (P-bet) versus high risk ($-bet)). Hence, the risk-
averse option (A) is selected in the choice stage. In the monetary valuation task each alternative is valued in isolation,
and DPEF links the monetary value response mode to valuation by calculation, implying a higher price for the risk-
neutral alternative (B). Thus, DPEF provides an explanation for this choice task-monetary value preference reversal.

4.3.2. Social preference reversal

Another example of a response mode-presentation mode reversal was observed by Bazerman et al. (1992). They found a
social preference reversal involving two monetary allocations between one’s self and a stranger. Participants were presented
with a choice task (Table 1, CS-14) with A and B presented jointly followed by an attractiveness rating task in which partic-
ipants separately rated A and B.

CS-14:

A: Receive $500 for self; $500 for other.
B: Receive $600 for self; $800 for other.

Bazerman et al. (p. 220) report, “Modal subjects in our experiments rated the outcome of $500 for self/$500 for other as
more desirable than the outcome $600 for self/$800 for other when both were evaluated independently, but they chose the
latter outcome over the former when presented with the two options simultaneously.”

Under DPEF, when the response mode involves rating the attractiveness of each option, the decision maker relies on val-
uation by feeling, and because valuation by feeling is predicted to be inequality-averse, feeling assigns a higher value to the
equitable outcome in separate evaluation (A). However, when choosing between the two alternatives in joint evaluation, the
difference in payoffs is incremental and calculation assigns a higher value to receiving $600 (B) instead of $500 (A). Thus,
DPEF provides an explanation for this reversal.

4.4. Summary

DPEF is unique in that it offers a three stage process for the explanation for preference reversals, and the predictions of
DPEF apply across different decision domains and decision tasks. We have argued that DPEF explains the Allais common con-
sequence and common ratio paradoxes, as well as present bias, and the zero price effect as arising from the same underlying
mechanism. In particular, these anomalies share a choice task response mode with an underlying choice-set structure: CS-1,
3, 5, and 9 (Table 1) involve categorical differences (risk vs. no risk, now vs. later, cost vs. free), whereas CS-2, 4, 6, and 10
involve incremental differences (a small change in the degree of risk, cost or in the length of time delays). Because the Ells-
berg paradox (CS-7 and CS-8) involves categorical differences in both choice tasks, feeling is predicted to be dominant in both
tasks, generating ambiguity aversion. Thus, DPEF explains these choice task paradoxes by linking the choice-set structure to
the valuation process and the valuation process to behavior. Further, DPEF predicts presentation mode reversals such as the
comparative ignorance effect, response mode reversals between monetary value and attractiveness rating tasks, and
response mode-presentation mode reversals observed by Lichtenstein and Slovic (1971), and by Bazerman et al. (1992).
In these cases, the response mode (choice task vs. attractiveness rating vs. monetary valuation), choice-set structure (cate-
gorical vs. incremental differences), and presentation mode (joint vs. separate) systematically affect the ease of evaluation,
thereby evoking calculation or feeling-based processes that produce the choice behaviors noted in Table 3, and thereby
account for the observed reversals.

5. Applying DPEF to investigate a response mode—-presentation mode reversal
In this section we consider DPEF’s prediction related to a novel response mode-presentation mode reversal which varies

response mode (choice task vs. attractiveness rating task), choice-set structure, and presentation mode. In particular, we
consider reversals involving a choice task under joint presentation, an attractiveness rating task under separate presentation,
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and an additional attractiveness rating task under joint presentation. Next we revisit CS-1 and CS-2 (Table 1) to illustrate
DPEF’s predictions.

As previously discussed regarding the Allais common ratio problem, DPEF argues that for choice-sets with a categorical
difference, evaluation is easy, valuation is by feeling, and risk aversion results in the less risky choice (A in CS-1); further for
choice-sets with an incremental difference, evaluation is more difficult, valuation is by calculation, and a risk-neutral option
(D) is preferred. Now consider an attractiveness rating task (separate presentation mode) in which alternatives A, B, C, and D
are shown in isolation and individuals rate each alternative separately. DPEF predicts that these attractiveness ratings are
easily evaluable with valuation by feeling dominating, and that A will be rated higher than B in CS-1, and C will be rated
higher than D in CS-2 if feeling is risk-averse. Thus, DPEF predicts:

P1. When considering a choice task with jointly presented alternatives and an attractiveness rating task with separately presented
alternatives, a significantly greater percentage of choice task-attractiveness rating reversals will be observed for incrementally
different choice-sets than for categorically different choice-sets.

When considering preferences assessed using the attractiveness rating task via joint and separate presentation, DPEF
makes a unique prediction related to valuation by feeling and calculation. In particular, DPEF unambiguously predicts valu-
ation by feeling to dominate in a jointly presented attractiveness rating task when alternatives differ categorically (because
both the choice-set structure and response mode favor valuation by feeling). However, in a joint attractiveness rating task
where alternatives differ incrementally, the response mode favors valuation by feeling, but the choice-set structure favors val-
uation by calculation. In such cases, DPEF predicts that individuals are likely to engage in more thinking when exposed to
incrementally (vs. categorically) different choice-sets, holding all other features of the decision task fixed. Thus, DPEF posits:

P2. When considering a choice task with jointly presented alternatives and an attractiveness rating task with jointly presented
alternatives, we expect a significantly greater percentage of choice task-attractiveness rating reversals for incrementally (vs.
categorically) different choice-sets.

P3. When considering a choice task with jointly presented alternatives, an attractiveness rating task with jointly presented alter-
natives, and an attractiveness rating task with separately presented alternatives, we expect a lower percentage of choice task-
attractiveness rating reversals for incrementally different alternatives in joint (vs. separate) presentation mode.

6. Experimental studies and findings

In three experimental studies, we test for hypothesized choice task-attractiveness rating preference reversals. Such a
reversal occurs if the same decision maker chooses one option in a choice task (e.g., D is chosen over C in CS-2), but reveals
a preference for the other alternative in the attractiveness rating task (e.g., C is rated higher than D in CS-2). In Study 1 and
Study 2, we examine P1 for decisions under risk and over time, respectively. In Study 3, we focus on tasks involving decisions
under risk and examine P2 and P3. Table 5 presents the hypothesized relationships and experimental results.

6.1. Study 1 and Study 2

6.1.1. Method

Study 1 focuses on choice task-attractiveness rating reversals under risk. Undergraduate students (n = 401) participated
in an on-line survey for which they were entered in a raffle to win a $25 gift certificate to the university store. Students were
exposed to CS-1 and then to CS-2 (Table 1). Participants selected either A or B (when exposed to CS-1) and selected either C
or D (when exposed to CS-2). After responding to filler questions, participants completed the attractiveness rating task in
which they were randomly shown each of the four alternatives (A, B, C, and D) in isolation, and asked to indicate their reac-
tion to the alternative by clicking on one of five emoticons ranging from very sad to very happy.

Study 2 focuses on choice task-attractiveness rating reversals over time; 257 undergraduates completed an on-line sur-
vey. Students were exposed to CS-5 and then to CS-6 (Table 1). To isolate response due to certain (vs. immediate) payoffs, the
questions were prefaced by the statement: “Toss a fair coin. If heads. ..” Participants selected either A or B (when exposed to
CS-5) and selected either C or D (when exposed to CS-6). Next, participants completed filler questions and then responded to
the attractiveness rating task in which they were randomly shown each of the four alternatives (A, B, C, and D) in isolation,
and asked to indicate their reaction to the alternative by clicking on one of five (very sad to very happy) emoticons as in
Study 1.

We identified choice-rating preference reversals for respondents who chose the option predicted by DPEF in the choice
task (A in CS-1; D in CS-2), and observed whether their choice was consistent with their attractiveness ratings. Evidence of a
consistent pattern of responses is, for example, a choice of A in the choice task and an attractiveness rating of A higher than B
in the rating task. In contrast, a preference reversal was identified when the individual’s choice from the choice task was not
consistent with the relative ranking from the attractiveness rating task (i.e., the person chose A in the choice task, but rated B
higher than A in the attractiveness rating task).



M. Schneider, R.A. Coulter /Journal of Economic Psychology 51 (2015) 183-198 195

Table 5
Choice task-attractiveness rating response-presentation mode reversals.

Study Decision anomaly Choice task Attractiveness rating task  Predicted valuation process Choice-
attractiveness

Choice-set Presentation mode Choice task  Attractiveness rating task .
X . rating reversals
(Joint presentation)
Study 1 Common ratio effect Categorical (CS-1) Separate Feeling Feeling <1% (1 of 223)*
Incremental (CS-2) Calculation  Feeling 69% (59 of 85)°
Study 2  Present bias Categorical (CS-7) Separate Feeling Feeling 1% (2 of 140)
Incremental (CS-8) Calculation  Feeling 40% (17 of 42)
Study 3 Common ratio effect Categorical (CS-1) Separate Feeling Feeling 1% (1 of 76)
Incremental (CS-2) Calculation  Feeling 64% (14 of 22)
Common ratio effect Categorical (CS-1)  Joint Feeling Feeling 4% (3 of 84)
Incremental (CS-2) Calculation  Feeling/calculation 36% (10 of 28)

? The choice-attractiveness rating reversal for categorically different choice alternatives is calculated as follows: the denominator is the number of
participants in the sample (e.g., 223) who did not have a tie in their attractiveness ratings for the alternatives (e.g., A and B) in the choice-set (e.g., CS-1) and
who chose the predicted option (i.e., A in CS-1); the numerator is the number of these participants (1) who exhibited a choice-rating reversal.

> The choice-attractiveness rating reversal for incrementally different choice alternatives is calculated as follows: the denominator is the number of
participants in the sample (e.g., 85) who did not have a tie in their attractiveness ratings for the alternatives (e.g., C and D) in the choice-set (e.g., CS-2) and
who chose the predicted option (i.e., D in CS-2); the numerator is the number of these participants (59) who exhibited a choice-rating reversal.

6.1.2. Results

In the choice task in Study 1, 46% of participants exhibited the common ratio pattern (choosing A in CS-1 and D in CS-2).
In Study 2, 54% of participants exhibited present bias (choosing A in CS-5 and D in CS-6). Consistent with P1, we find a sig-
nificantly greater percentage of choice task-attractiveness rating reversals for the incrementally (vs. categorically) different
choice-sets. As shown in Table 5, the percentage of choice task-attractiveness rating task reversals was less than 1% for the
categorically different alternatives (CS-1) and 69% for the incrementally different alternatives (CS-2) (one-tailed Z difference
in proportions test, p <.001). Similarly, in Study 2, the percentage of choice task-rating task reversals was approximately 1%
for the categorically different alternatives (CS-5) and 40% for the incrementally different alternatives (CS-6) (one-tailed Z dif-
ference in proportions test, p <.001). These observations are consistent with P1, that categorically different alternatives pro-
duce no choice-rating reversals because both tasks elicit the same process (feeling), whereas incrementally different
alternatives produce a fairly high frequency of choice-rating reversals because the choice task elicits valuation by calculation
and the rating task elicits valuation by feeling.

6.2. Study 3

6.2.1. Method

Amazon Mechanical Turk U.S. workers (n =191, paid $0.50) completed an online survey. Participants were randomly
exposed to CS-1 or CS-2 (Table 1), and then to CS-2 or CS-1, respectively, and then randomly assigned to an attractiveness
rating task (either separate or joint presentation mode). The order of alternatives within each task was randomized.
Response time was recorded for each choice-set. In the attractiveness rating task, under the separate presentation mode, par-
ticipants viewed and rated A, B, C, and D, each on a separate screen (using a 0-100 sliding scale with endpoints of very sad
and very happy emoticons). In the joint response mode, participants saw the two alternatives in the choice-set (e.g., A and B)
on the same screen and rated A and B using the sliding attractiveness rating scale for each alternative. Inconsistent prefer-
ences were identified in the same way as in the first two studies.

6.2.2. Results

Consistent with our expectations, the choice set with the categorically different alternatives (CS-1) involved significantly
less time than the incrementally different choice-set (CS-2). Specifically, the median time spent on CS-1 (4.3 s) was signif-
icantly less than that spent on CS-2 (6.2 s; Mann-Whitney U test, p <.001). When considering only participants who chose
the alternatives consistent with the DPEF predictions for feeling and calculation, the median response time was 4.3 s for CS-
1, and was 7.4 s for CS-2 (Mann-Whitney U test, p <.001). These findings are consistent with the proposition that categorical
choice sets are easier to evaluate (take less time) than incremental choice sets, and are also consistent with the proposition
that categorical choice sets activate faster evaluation processes than incremental choice sets.

Consistent with P1 and similar to Study 1, the percentage of choice task-attractiveness task reversals in the separate pre-
sentation mode was less than 1% for the categorically different choice-set and 64% for the incrementally different choice-set
(one-tailed Z difference in proportions test, p <.001). Also consistent with P2, the percentage of choice task-attractiveness
task reversals in joint presentation was 4% for the categorically different choice-set and 36% for the incrementally different
choice-set (one-tailed Z difference in proportions test, p <.001). Further, in support of P3, the percentage of choice-rating
reversals under the joint presentation mode for incrementally different alternatives (36%) was less than for categorically dif-
ferent alternatives (64%) (one-tailed Z difference in proportions test, p <.03). These observations are summarized in Table 5.
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Study 3 affirms that both a “response mode effect” (contrasting choice and attractiveness rating tasks under joint evaluation)
and a “presentation-mode effect” (contrasting joint and separate presentation modes in an attractiveness rating task) drive
behavior under risk.

7. Discussion and future research

DPEF, as proposed here, provides an approach to systematically predict conditions under which a decision problem is easy
or difficult to assess and whether the decision process is dominated by feeling or calculation and linked to choice behavior. In
essence, our research offers a framework that provides a link between evaluability theory and dual process theory.

We applied DPEF to explain decision anomalies, in a similar spirit to how dual process models have been used to explain
biases in intuitive judgments (Barbey & Sloman, 2007; Kahneman & Frederick, 2005). Models of the rational economic agent
implicitly assume that the decision maker has a single mental processing system which controls all decisions. Work in the
psychology of judgment and decision making, however, suggests that decisions reflect the interaction of multiple systems.
Although a dual system perspective is a simplification of the complexity of actual decisions, we argue it provides significant
insight into decisions, particularly when contrasted with the single-system agent of neoclassical economics.

Our work demonstrates that DPEF provides a more unified framework that resolves a variety of classic paradoxes in deci-
sion theory, and further, predicts new patterns of preference reversals. Notably, DPEF explains the Allais paradoxes, present
bias, the Ellsberg paradox, and the zero price effect. Further, DPEF provides explanations of reversals that are a function of
changes in response mode and presentation mode. DPEF has implicitly assumed negative or ‘aversive’ feelings, producing
risk aversion, ambiguity aversion, loss aversion, and impatience. We note, however, that other process explanations are pos-
sible for the preference reversals discussed in Section 4. In particular, for the common ratio effect example, CS-2, it could be
that $4000 “feels” better than $3000, and that feelings are much less fine-tuned for the associated small differences in prob-
abilities (0.20 vs. 0.25). If this were the case, we would expect response times to be similar for CS-1 and CS-2 to the extent
that they both evoke a valuation by feeling. However, as we observed (see Section 6.2) and as reported in Rubinstein (2007),
response times are significantly longer for CS-2 than for CS-1, consistent with the hypothesis of greater deliberation or cog-
nitive engagement in CS-2.

DPEF is a conceptual framework, not a formal analytical model. However, DPEF links objective task characteristics (choice
task, response mode, and presentation mode) to internal psychological processes (valuation by feeling and calculation),
which in turn link to behaviors (e.g., toward risk, ambiguity, and time). As such, DPET produces a number of novel and tes-
table propositions, such as those considered in Section 6. One important issue in interpreting and applying DPEF relates to
the ease of evaluability of choice-set alternatives in decision tasks and their identification as being categorically different
versus incrementally different alternatives. In each of the choice task reversals that we assessed, the categorical distinctions
were of an objective nature (e.g., certainty vs. risk, risk vs. ambiguity, now vs. later, free vs. cost), and relatively unambigu-
ous. We discussed incremental differences in probabilities (e.g., 20 vs. .25; .33 vs. .34), time delays (five vs. six years), and
prices ($1 vs. $8), and suggested that these differences may be close enough to accord with intuition that these values
are in the ‘same category,’” and thus do not constitute a categorical difference. However, in practice, differences in risk or
in time delays may not be clearly delineated; they may depend on a subjective encoding process by the decision maker.
We considered categorical distinctions of high risk versus low risk, and the literature distinguishes between P-bets and $-
bets suggesting there is a basis for such a categorization. Future work, however, is needed to further clarify how people cat-
egorize differences in risks or time delays. Further, some ambiguity in interpretation is evident in the attractiveness task
from Bazerman et al. (1992); DPEF unambiguously predicts the decision maker to rate A higher than B when each alternative
is rated in isolation. In the choice task, the DPEF prediction is that the payoff differences between $500 to self and $600 to
other and between $500 to self and $800 to other are incrementally different and valuation by calculation is predicted to be
dominant, resulting in a choice of a higher payoff to one’s self. However, one might also interpret the alternatives as consti-
tuting a categorical difference in which the former alternative is ‘fair’ and the latter is ‘unfair.’ Research on the classification
of choice alternatives as categorically versus incrementally different provides an interesting avenue for additional
investigation.

By adopting a broad dual process approach, DPEF is compatible with other dual process models in psychology such as the
distinction between an automatic, affective, and intuitive System 1, and a slow, logical and calculation-based System 2. A
limitation of such an approach however is it does not distinguish between the effects of ‘intuitive’ and ‘affective’ processes.
Future research may seek to differentiate the effects of the various processes commonly included under the umbrella of ‘Sys-
tem 1’ (Kahneman, 2003).

A further consideration of DPEF relates to whether the process (feeling or calculation) is determined based on ease of
evaluability, or whether the subjective ease or difficulty of the task is determined by the process (i.e., tasks are subjectively
difficult when relying on calculation). It is possible that the arrow of influence extends in both directions. Extant research
provides some guidance and specifically documents that difficult tasks cue more analytical reasoning (Alter et al., 2007;
Inbar et al., 2010), providing support for the assumption in DPEF that ease of evaluability (or similarly, task difficulty) mod-
erates feeling versus calculation-based processing. Our work provides further evidence indicating that individuals took less
time to assess the more easily evaluable choice-sets characterized by categorical (vs. incremental) differences. Further, this
finding is consistent with research documenting that feelings are relatively automatic whereas calculation-based processing
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is relatively slow (Rubinstein, 2007). Neuro-imagining technology may further help to identify the underlying process and its
possible dependence on the decision task. In an fMRI study, for example, Dickhaut et al. (2003) found evidence that different
neural systems were involved in the processing of certain versus uncertain rewards. With increased fMRI access and tech-
nological advances, further testing of the mechanisms mediating feeling versus calculation-based processing is an exciting
opportunity for future research.

8. Contributions and conclusion

DPEF provides an empirically grounded and systematic explanation for an extensive set of decision problems. Notably, by
decomposing the decision problem characteristics into response mode, choice-set structure, and presentation mode, DPEF
offers a new approach to explaining preference reversals across different decision domains and decision tasks as arising from
the same underlying relationship between ease of evaluability and mode of valuation.
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