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An intriguing finding in the decision-making literature is that, when people have to
choose between sure and risky options of equal expected value, they typically take more
risks when decisions are framed as losses instead of gains (Tversky & Kahneman, 1981).
This framing effect is robust and has important implications for health, finance, and
politics. However, theoretical debate exists on the origins of this effect. Moreover,
pronounced task-related, individual, and developmental differences exist in the magni-
tude of the effect. These two issues—theoretical debate and differential framing effects—
can be solved together, as an adequate theory of the framing effect should both describe
the effect itself and describe differences therein. Therefore, we compare four theories on
their capacity to describe differential framing effects: cumulative prospect theory (CPT),
fuzzy trace theory (FTT), dual process theory, and a hybrid theory (HT) incorporating
elements from lexicographic theory and fuzzy trace theory. First, in a theoretical analysis
and empirical review, we build on recent advances in the fields of decision making, brain—
behavior relationships, and cognitive development. Second, in an empirical study, we
directly compare these theories by using a new experimental task and new analytic
approach in which we use hierarchical Bayesian model-based mixture analysis of
theories. Taken together, results indicate that differential framing effects are best
described by the notion that the majority of decision makers decide according to the
hybrid theory, and a sizable minority according to cumulative prospect theory and fuzzy
trace theory. We discuss implications of these results for our understanding of the framing
effect, and for decision making in general.

Keywords: framing effect, cumulative prospect theory, fuzzy trace theory, lexicographic
theory, hierarchical Bayesian model-based mixture analysis
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2 HUIZENGA ET AL.

An intriguing finding in the literature on risky
decision making is that, when people have to
choose between sure and risky options of equal
expected value, they typically take more risks
when decisions are framed as losses instead of
gains (Kahneman & Tversky, 1984; Tversky &
Kahneman, 1981). An example of this framing
effect is illustrated in Figure 1a. Decision makers
are asked to imagine they are given 10 dollars. In
the gain frame, they are then asked whether they
would prefer the sure option of keeping 2 dollars,
or the risky option of keeping the 10 dollars with
.2 probability and thus losing the 10 dollars with
.8 probability. In this gain frame, people typically
choose the sure option. In the loss frame, they are
asked whether they would prefer the sure option
of losing 8 dollars, or the risky option of keeping
the 10 dollars with .2 probability and thus losing
the 10 dollars with .8 probability. In this loss
frame, people typically choose the risky option.

This so-called framing effect' in risky choice has
important implications for decision making in sev-
eral domains, such as health (Edwards et al., 2001;
Gallagher & Updegraff, 2012; Jefferies-Sewell et
al., 2015; McNeil et al., 2004; Rothman & Salovey,
1997; Veldwijk et al., 2016), finance (Brown et al.,
2008; Olsen, 1997; Roszkowski & Snelbecker,
1990), or politics (Boettcher, 2004; Kuehnhanss
et al., 2015). It is therefore not surprising that the
framing effect is among the most investigated
phenomena in the decision-making literature.
Meta-analyses on this extensive literature have
indicated that the framing effect is robust
(Gallagher & Updegraft, 2012; Kiihberger, 1998;
O’Keefe & Jensen, 2009; Pifion & Gambara, 2005)
and a large-scale replication project indicated a
medium effect size (Klein et al., 2014).

Although it has been shown that the effect is
robust, two issues remain. First, the origin of the
framing effect is still subject to debate, with
different accounts proposed by cumulative pros-
pect theory (CPT; Kahneman & Tversky, 1979;
Tversky & Kahneman, 1981, 1992), fuzzy trace
theory (FTT; Reyna & Brainerd, 2011; Reyna &
Ellis, 1994; Reyna et al., 2011), and dual process
theory (DPT; Kahneman & Frederick, 2007).
Second, the framing effect is subject to pro-
nounced task-related, individual, and develop-
mental differences. One task-related effect is
the truncation effect (Figure 1b): The framing
effect is often absent in the truncated formulation
in which frame-inconsistent information is omitted
(Reyna & Brainerd, 1991), that is, when informa-
tion on risky losses is omitted in the gain frame, and
information on risky gains is omitted in the loss
frame (Chick et al., 2016; Kiihberger & Tanner,
2010; Mandel, 2001; Reyna & Brainerd, 1991;
Reyna et al., 2014). Another task-related effect is
what we will coin the probability effect: The fram-
ing effect increases with the probability of risky
gains (De Martino et al., 2006; Kiihberger et al.,
1999).” In addition to these task-related differences,
there are pronounced individual differences in the
magnitude of the framing effect, which may to some

! This is a framing effect, and not a reflection effect, as
expected values of gain and loss framed items are the same,
and consequently sure gain and sure loss amounts differ in
their absolute value (Fagley, 1993).

2 De Martino et al. (2006) reported this probability effect in
their supplementary online materials, but did not discuss it
any further. Kiihberger et al. (1999) speculated that the
probability effect might originate in a confound of probability
with gain amounts or loss amounts. In the empirical study of
the current article, we eliminate this confound.
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Figure 1

Traditional and Truncated Formulation of Gain and Loss Framed Items

Gain-framed item

KEEP $2
$10 /
\ KEEP $10, p=.2

(a) Traditional:

framing effect present

LOSE $10, p=.8

(b) Truncated:
framing effect absent

Note.

KEEP $2
$10 /
\ KEEP $10, p=.2

Note that the problem contains an endowment, that is, the 10 dollars (De Martino et al., 2006; McNeil et al., 2004;

Loss-framed item

LOSE $8
$10 /
\ KEEP $10, p=.2

LOSE $10, p=.8

LOSE $8
$10 /
\ LOSE  $10, p=.8

Reyna & Brainerd, 2011; Reynaet al., 2018; Tversky & Kahneman, 1981, 1986; Zhen & Yu, 2016). Other variants of framing
problems do not include this endowment. See the online Supplemental Materials 1, for further details.

extent correlate with a variety of individual differ-
ences variables (e.g., Chandler et al., 2009; Corbin
et al., 2010; De Martino et al., 2006; Fagley &
Miller, 1987; Kahneman & Frederick, 2007; Kam
& Simas, 2010; Roiser et al., 2009; Shiloh et al.,
2002; Simon et al., 2004; Smith & Levin, 1996;
Zickar & Highhouse, 1998). Finally, there are
developmental differences: The framing effect in-
creases from childhood to adulthood (Reyna &
Ellis, 1994; Reyna et al., 2011; Schlottmann &
Tring, 2005, but see Levin et al., 2014).

These two issues—theoretical debate and differ-
ential framing effects—can be solved together: An
adequate theory of the framing effect should not
only describe the effectitself, but should also be able
to describe task-related, individual, and develop-
mental differences in this effect. For example, it was
argued that CPT cannot adequately describe the
probability effect (Kiihberger et al., 1999). As
another example, Reyna and Brainerd (1991)
showed that FTT can describe, and even predicts,
the truncation effect, whereas CPT cannot (see also
Chick et al., 2016; Kiihberger & Tanner, 2010;
Mandel, 2001; Reyna et al., 2014). Moreover,
Reyna and Brainerd (2011) argued that FTT, a
developmental theory, can describe, and even pre-
dicts, the developmental increase in the framing
effect, whereas CPT cannot. Finally, Kahneman
and Frederick (2007) suggested that DPT may
better describe individual differences in brain-
related indices of the framing effect than CPT can.

In the current article we therefore systemati-
cally compare CPT, FTT, and DPT on their

capacity to describe each of the four differential
framing effects. We also propose a hybrid theory
(HT), inspired by lexicographic theories proposed
in the decision making (Broder & Schiffer, 2006;
Kelly et al., 1973; Luce, 1978; Payne et al., 1988;
Rieskamp, 2008; Su et al., 2013; Tversky et al.,
1988) and the developmental (Piaget & Inhelder,
1969; Siegler et al., 1981) literature.® In this HT,
we incorporate the concept of “gist,” which
figures prominently in FTT’s explanation of the
framing effect. We chose these four theories as
each of them was previously mentioned in the
decision making as well as in the developmental
literature. In the general discussion, we show
how these theories relate to decision making
and linguistic theories specifically developed
to describe framing effects, that is the lexical
ambiguity hypothesis (Mandel, 2014; Teigen &
Nikolaisen, 2009), information leakage theory
(Kiihberger & Gradl, 2013; Kiihberger & Tanner,
2010; Sher & McKenzie, 2006), and the expli-
cated valence account (Tombu & Mandel, 2015).

This article is organized as follows. In the theo-
retical analysis, we analyze how each theory de-
scribes the framing effect and derive the formal
model for each theory’s description. We then

3 Note that in this developmental literature it is assumed
that children progress from one attribute to two attribute
lexicographic decision making, after which they base their
decisions on an integration of these attributes. If we thus refer
to lexicographic decision making in the developmental liter-
ature, we only refer to the lexicographic process and not to the
integration process.
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analyze how each theory could describe the afore-
mentioned four differential framing effects. In the
empirical review, we assess whether these theoreti-
cal descriptions of differential framing effects are
actually supported by existing empirical evidence.
We show that, although the existing empirical
evidence is informative, it is by no means conclu-
sive. We therefore argue that anew type of empirical
study is needed, allowing for more conclusive
evidence on which theory best describes differential
framing effects. In the empirical study, we report
such a study, featuring a new experimental task and
analytic approach. Our new experimental task was
designed so that modeled choice patterns differ
between theories, thereby allowing the possibility
to discriminate between theories. Our analytic
approach allowed us to compare theories by means
of formal model comparison. That is, we formulated
each theory as a formal, mathematical model and
fitted these models to the data after which the best-
fitting model for each individual was selected by
means of a hierarchical Bayesian model-based
mixture analysis (Lee, 2011; Nilsson et al., 2011;
Pachuretal., 2017; Steingroever et al., 2018). In the
discussion, we integrate the theoretical analysis,
empirical review, and empirical study, and discuss
implications for our understanding of the framing
effect, as well as for our understanding of decision
making in general.

Theoretical Analysis

Cumulative Prospect Theory

The framing effect is often described by refer-
ring to the basic principles of CPT (Tversky &
Kahneman, 1992). According to CPT, decision
makers, being asked to choose between two options,
(a) may edit the two options, (b) subjectively evalu-
ate attributes characterizing the two edited options,
and (c) integrate each option’s subjective attributes
into an overall index of subjective utility, and sub-
sequently choose the option with the highest utility.
According to CPT, subjective evaluation of attri-
butes (Step 2) is the key ingredient generating the
framing effect (Tversky & Kahneman, 1981).

First, although CPT proposes that decision pro-
blems are often edited (Kahneman & Tversky,
1979), it has to our knowledge never been stated
explicitly how decision makers edit the framing
problem.* We propose they do so in the following
way. In the editing phase, the endowment, in the

HUIZENGA ET AL.

example 10 dollars, is set as a reference point, and
therefore is omitted (Figure 2.1; Kahneman &
Tversky, 1979, refer to this as “coding’). We argue
that it is also necessary that frame-inconsistent
information, that is, information on risky losses in
the gain frame and information on risky gains in the
loss frame, is omitted (Figure 2.1). This is necessary
because CPT’s explanation of the framing effect by
means of subjective evaluation is not required to
obtain a framing effect if decision makers do not
remove frame-inconsistent information, whereas it
is required if decision makers do remove this infor-
mation. We illustrate this with the example in Figure
la, on the understanding that the endowment has
already been omitted. First, consider what happens if
decision makers do not remove frame-inconsistent
information (for our argument’s sake, we use objec-
tive probabilities and amounts): In the gain frame,
the expected value is 2 for the sure option and 10 X
.2-10x.8 = —6 for the risky option. Therefore, the
sure option will be chosen. In the loss frame, the
expected value is —8 for the sure option and 10 X
.2-10 % .8 = —6 for the risky option. Therefore, the
risky option will be chosen. Hence, a framing effect
will be present, subjective evaluation is not required
to obtain it. Now consider what happens if frame-
inconsistent information is omitted. In the gain
frame, the expected value is 2 for the sure option
and 10 x .2 =2 for the risky option, hence decision
makers are indifferent. In the loss frame, the ex-
pected value of the sure option is —8 and the
expected value of the risky option is —10 X .8 =
—8, again decision makers are indifferent. Thus, a
framing effect is not present and CPT’s subjective
evaluation is required to obtain the framing effect.
For these reasons, we argue that the editing phase
also consists of removal of frame-inconsistent infor-
mation, an additional way of editing next to coding,
combination, segregation, cancelation, simplifica-
tion, and the detection of dominance (Kahneman &
Tversky, 1979).

Second, this edited decision problem is subjec-
tively evaluated. The subjective evaluation phase is
formalized by nonlinear functions, transforming
objective gain and loss amounts and gain and
loss probabilities into their subjective counterparts
(Figure 2.1, functions v and w). A commonly used
probability weighting function (Gonzalez & Wu,
1999; Lattimore et al., 1992) models the observation
that low probabilities are overweighted, whereas

“ In online Supplemental Material 1, we show that this editing
is not required in problems that do not include an endowment.


https://doi.org/10.1037/dec0000201.supp

This document is copyrighted by the American Psychological Association or one of its allied publishers.

e American Psychological Association.

&

e must go through th

Content may be shared at no cost, but any requests to reuse this content in part or whol

FORMAL MODELS OF DIFFERENTIAL FRAMING EFFECTS

Figure 2

Schematic Representation of Theories

Gain frame

2.1 Cumulative Prospect Theory

Vv(+52)

2.2 Fuzzy Trace Theory

Quantitative:

Limited-quantitative:

Gist:

2.3 Dual Process Theory

Intuitive:

Deliberate:

/N /N /N /N /N /N

2.4 Hybrid Theory

One-attribute: \

Two-attribute: /’

v(+$10), w(p=.2)

(+$2)

(+510), (p=2)

(+$2)

(+510)

KEEP something

KEEP something or
KEEP nothing

KEEP

(+$2)

(+510), (p=2)

KEEP something

KEEP something or
KEEP nothing

Loss frame
v(-$8)

/\

v(-$10), w(p=.8)

(-$8)

(-510), (p=-8)

(-$8)

(-$10)

LOSE something

LOSE nothing or
LOSE something

LOSE

(-$8)

/N /N /N /N /N

(-$10), (p=28)

/ LOSE something
\ LOSE nothing or

LOSE something

Note. 1If a box encloses one option, there is a preference for that option, if the box encloses two
options, people are indifferent. In hybrid theory’s one-attribute strategy, some people may choose risky

(- - =) and others sure (... ). See text, for further details.

high probabilities are underweighted (Figure 3 left-
hand panel). A commonly used value function
(Tversky & Kahneman, 1992) models the obser-
vation that losses are overweighted compared to
gains (“loss aversion’), and that high absolute gain

and loss amounts are underweighted as compared
to low ones (Figure 3 right-hand panel).

Third, each option’s subjective utility is
derived by multiplying subjective gain amount
or loss amount by its subjective probability,
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Figure 3

Subjective Evaluation of Probability and Amount
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50 100 150

e objective evaluation

oooooo subjective evaluation
amount

Probability weighting function (left-hand panel) and value function (right-hand panel) for the objective

decision maker and for the subjective decision maker given the often cited (e.g., Trepel et al., 2005) CPT
parameter estimates Y = .69 and 8 = 1.00 for the probability weighting function and o = .88 and A = 2.22 for the
value function. Please refer to the text for interpretation of parameters. CPT = cumulative prospect theory.

and the option with the highest subjective util-
ity is chosen.

The aforementioned underweighting of high
absolute gain and loss amounts has been suggested
as the key ingredient of CPT’s account of the
framing effect. More specifically, in the gain frame,
requiring a choice between a sure small gain amount
and a risky large gain amount, decision makers
underweight the large gain amount and therefore
prefer the sure option. In the loss frame, requiring a
choice between a sure small loss amount and a risky
large loss amount, decision makers underweight the
large loss and therefore prefer the risky option.

CPT: Formal Model

In this section, we give the formal CPT model
for the likelihood of a risky choice in the framing
paradigm. Formalization requires assumptions,
which we make explicit.” Let x denote an amount
and let p denote its probability. Subjective utility
(su) of an option is then defined as:

su= [w(p)][v(x)]. M)

In this equation, w and v refer to the probability
weighting and value functions, respectively. As
the decision problems are edited, in the gain
frame, x and p refer to amount and probability
of gains only, whereas in the loss frame, they refer
to losses only. The probability weighting function
w is often defined as (Gonzalez & Wu, 1999;
Lattimore et al., 1992; Figure 3, left-hand panel):

op?
W@%3N+U—m“

The parameter y models overweighting of low
probabilities and underweighting of high proba-
bilities, it varies between zero and one, an often
cited estimate is .69 (Tversky & Fox, 1995). The
parameter d models a general underestimation (0 <
8 < 1) oroverestimation (8 > 1) of probability. The
value function v is often defined as (Tversky &
Kahneman, 1992; Figure 3 right-hand panel):

v ={ % e

The parameter A models loss aversion, it typically
exceeds one: An often cited estimate is 2.22
(Tversky & Kahneman, 1992). The parameter
o models the observation that high absolute
amounts are underweighted compared to low
amounts, the parameter varies between zero
and one; an often cited estimate is .88 (Tversky
& Kahneman, 1992). Finally, the logit choice rule
(Stott, 2006) models the likelihood of a risky
choice as a function of the difference in subjective
utility (Equation 1) of the risky and sure options:

2

x>0

x<0° )

. 3 1
p(risky choice) = 1 + exp{—d[su(r) —su(s)]}

“)

5 “formulating models forces one to be very precise about
what is being said, which, all too often, is not true of
informally stated theories. This fact is important in making
theories falsifiable.” (Luce, 1999), see also (Fum et al., 2007).
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1

Loss frame : p(risky choice) =

T+ exp{=p x =Aw(p(r)) x (=x(1))* = w(p(s)) x (=x(s))*]}

1

Gain frame : p(risky choice) =

L exp {=dw(p(r)) X (x(r)* = w(p(s)) X (x(s))°]}

®)

The weighting parameter ¢ indexes to what extent
choices are guided by differences in subjective
utility. A positive ¢ indicates that options with the
highest subjective utility are chosen. If ¢ is zero,
choices are based on guessing.® In total, CPT is
thus characterized by seven strategy parameters.
Substitution of Equations 1 and 3 into 4 yields the
following likelihood to choose risky:
(See above)

Note that loss-framed items alone do not con-
tain sufficient information to estimate ¢ and A
separately, they are not identified as they are
contained in the product —¢ X —A. However, if
gain- and loss-framed items are modeled
together, these two parameters are identified.
One might argue that the loss aversion parame-
ter is not required since overweighting of losses
may only be present if items contain both gains
and losses, and not when they only contain
losses. However, we consider this unlikely,
as overweighting of losses has also been shown
to occur in situations featuring losses only
(Baumeister et al., 2001; Yechiam & Hochman,
2012). We therefore do incorporate the loss aver-
sion parameter.

CPT: Differential Framing Effects

In this theoretical section, we analyze
whether CPT could potentially describe the
four differential framing effects. The results
of this analysis are summarized in Table 1.
That is, although CPT was not designed to
theoretically predict all of these differential
effects, we can analyze whether it potentially
can be used to describe them. For example,
CPT is not a developmental theory and there-
fore does not predict developmental differ-
ences. However it may potentially describe
developmental differences in framing effects
by developmental differences in the parameters
governing CPT. In Table 1, we therefore also

make explicit whether a theory only can
describe effects, or even can predict them.

In the Empirical Review section, we determine
whether there is actually empirical evidence for
these descriptions. This evidence is also summa-
rized in Table 1. For example, in the current
section, we show that CPT could potentially
describe a developmental increase in the framing
effect if there would be a developmental increase
in underweighting of high gain and loss amounts.
In the Empirical Review section, we then show
that the evidence for such a developmental
increase in underweighting of high gain and
loss amounts is mixed.

First, could CPT describe the truncation effect,
that is, the absence of the framing effect if frame-
inconsistent information is omitted? Several
authors convincingly argued it cannot in problems
that do not include an endowment (Chick et al.,
2016; Kiihberger & Tanner, 2010; Mandel, 2001;
Reyna & Brainerd, 1991; Reyna et al., 2014). The
same is true for problems that do include an
endowment. As indicated earlier, the CPT descrip-
tion of the framing effect requires that decision
makers themselves edit the decision problem in
such a manner that frame-inconsistent information
is omitted (Figure 2.1, information on risky losses
is omitted in the gain frame and information on
risky gains is omitted in the loss frame). Thus the
absence or presence of frame-inconsistent infor-
mation (the truncation effect) cannot be of any
influence. Hence CPT cannot describe the trunca-
tion effect. Second, could CPT describe the prob-
ability effect, that is, the observation that the
framing effect increases with risky gain

© Note that in the original formulation of CPT, choices are
deterministically driven by differences in subjective value,
that is, ¢ is arbitrarily large. In studies in which CPT models
are fitted to the data, ¢ is estimated and thus can also be low
(e.g. Nilsson et al., 2011; Pachur et al., 2017; for a review also
refer to Stott, 2006).
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HUIZENGA ET AL.

Summary of Potential Theoretical Descriptions of Differential Framing Effects

Differential framing effects CPT FTT DPT HT
Framing absent if frame-inconsistent P+ P+
information is omitted (“truncation effect”)
Framing increases with risky gain probability P?
(“probability effect”)
Individual differences D+ D+ D+ D+
Developmental differences: framing effect D- P+ D- D+

increases with age

Note. 1If a theory can describe a differential framing effect, we indicate this by a D, if it even
predicts it we indicate this by a P. We also indicate whether potential descriptions are supported by

empirical evidence: (? = evidence is lacking; + =

supporting evidence; + = mixed evidence; — =

contradictory evidence). See text, for more details. CPT = cumulative prospect theory; FTT = fuzzy
trace theory; DPT = dual process theory; HT = hybrid theory.

probabilities? We consider this to be unlikely, as
the often cited CPT parameters yield a framing
effect that decreases instead of increases with
risky gain probability, as illustrated in Figure 4.
Third, underweighting of large amounts, captured
by a < 1, constitutes the key ingredient of CPT’s
explanation of the framing effect. Therefore, CPT
could describe individual differences in the fram-
ing effect if there would exist individual differ-
ences in the magnitude of this parameter. Finally,
and in a similar vein, a developmental increase in
the framing effect could be described, if there
would exist a developmental increase in under-
weighting of large amounts.

Figure 4

The CPT-Predicted Percentage of Risky Choices as a
Function of Frame and Risky Gain Probability: The
Framing Effect Decreases—Instead of Increases—
With Risky Gain Probability

100 .

gain frame
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Note. The Figure is based on the often cited parameter
estimates y=.69, & = 1.00, a=.88, and A = 2.22 (y , = v,
8, = & ). The attributes of the decision items used to
generate this Figure are given in Table 2 (the “Constant
Sure Gain” items). CPT = cumulative prospect theory.

Fuzzy Trace Theory

According to FTT (Reyna & Ellis, 1994;
Reyna et al., 2011), people code three strategies
in parallel, and predominantly rely on one—a
quantitative, a limited-quantitative, or a gist
strateg;/—each resulting in a different effect of
frame." First, people may use a quantitative strat-
egy that does not yield a framing effect (Reyna,
2012; Reyna & Brainerd, 2011; Reyna et al.,
2014; Figure 2.2). In this strategy, options are
compared on expected value, it is thus equal to the
CPT strategy as discussed in the previous section
(including CPT’s editing phase), with the impor-
tant difference that probabilities and amounts are
objectively, and not subjectively, evaluated. In
the gain frame, expected values of sure and risky
options are equal, therefore sure and risky options
will be chosen equally often. As the same applies
to the loss frame, decision makers using this
strategy will not show the framing effect. The
second strategy proposed by FTT is a limited-
quantitative strategy that yields a so-called reverse
framing effect (e.g., Reyna et al., 2011); see
Figure 2.2. According to FTT, the only informa-
tion that remains after editing is information on
sure and risky gain amounts in the gain frame, and
on sure and risky loss amounts in the loss frame.
The endowment is omitted, as well as all infor-
mation incongruent with frame and information
related to probability. Let us consider the example

"In a recent paper, another type of FTT has also been
proposed, according to which decisions are based on both a
weighted sum of multiple strategies and on reward sensitivity
(Broniatowski & Reyna, 2018).
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in Figure 2.2. After this editing, in the gain
frame, decision makers will gain 2 dollars in
the sure option, whereas they will gain 10 in the
risky option; therefore they will choose risky. In
the loss frame, they will lose 8 dollars in the sure
option, whereas they will lose 10 in the risky
option; therefore they will choose sure. Conse-
quently, this strategy will result in a reverse
framing effect: More risks are taken in the
gain than in the loss frame. The third strategy
proposed by FTT is a gist strategy that yields a
framing effect (Figure 2.2). In this strategy,
amounts and probabilities are transformed to
nominal variables. That is, amounts are trans-
formed to “something” versus “nothing.” Prob-
abilities are transformed to “certain,” in that one
event occurs, versus ‘“uncertain,” in that either of
two events may occur (Reyna, 2012; Reyna &
Brainerd, 2011; Reyna & Ellis, 1994; Reyna
etal.,2014; Riversetal.,2008). Therefore, in the
gain frame, the decision problem is transformed
to a choice between “keeping something” versus
“keeping something or keeping nothing,” there-
fore the sure option is preferred. In the loss
frame, the problem is transformed to “losing
something” versus “losing something or losing
nothing,” therefore the risky option is preferred.
Consequently, this gist strategy results in the
framing effect.

FTT: Formal Model

In this section, we propose formal models for
FTT’s strategies in the framing paradigm, while
again making the assumptions required for this
formalization explicit. Again, X denotes a gain or
loss amount and p its associated probability. The
quantitative strategy mimics the CPT strategy
with the important exception that amounts and
probabilities are objectively evaluated. So, in the
quantitative strategy, decision makers edit the
choice problem (Figure 2.2) and compare options
on expected value (ev):

ev = [p][x]. 6)

As decision problems are edited, in the gain
frame, these amounts and probabilities refer to
gains only, whereas in the loss frame, they refer to
losses only. The logit choice rule (Equation 4),

with subjective utility replaced by expected
value, yields the likelihood of a risky choice:

. 7 1
p(risky choice) = 1+ exp {—¢lev(r) —ev(s)]}”

)

A positive ¢ in Equation 7 again indicates that
decision makers choose options with optimal
expected values. As expected values of sure
and risky options are equal, the likelihood to
choose risky is 50%, both in gain and in loss
frames. The quantitative strategy will thus not
give rise to the framing effect.

In the limited-quantitative strategy, problems
are also edited (Figure 2.2): In the gain frame,
only sure and risky gain amounts, and, in the loss
frame, only sure and risky loss amounts remain.
Decision makers compare options on these
amounts (x). That is, in the gain frame they
compare options on gains, whereas in the loss
frame they do so for losses. The logit choice rule
(Equation 4), with subjective utility replaced by
amount (x), will yield the likelihood to choose
the risky option:

. 1 1
plrisky choice) = 4 T X}

®)

A positive ¢ in Equation 8 indicates that decision
makers choose options with optimal amounts,
that is, with high gains in the gain frame (i.e.,
the risky option) and with low losses in the loss
frame (i.e., the sure option). This strategy thus
will yield the reverse framing effect.

In the gist strategy, options are compared on
gist. In the gain frame, the gist of risky and sure
options is “keep something or keep nothing” and
“keep something,” respectively. Replacing the
operation “or” by addition, the gist difference
becomes “keep nothing,” which we quantify by
the dummy code d = —1. Analogously, in the loss
frame, the gist difference between risky (“lose
something or lose nothing”) and sure (“lose
something”) options will be “lose nothing,”
which we quantify by the dummy code d = 1.
The likelihood to choose risky can then be ob-
tained from Equation 4, on the understanding that
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differences in subjective utility are replaced by
dummy-coded differences in gist, that is by d =
—1 in gain frame, and by d = 1 in the loss frame.

1
p(rlsky ChOiCG) = w . (9)

The parameter ¢ then indicates to what extent
decisions are based on the gist difference, with a
positive parameter indicating that more risk is
taken in the loss than in the gain frame. This
strategy thus will yield the regular framing effect.
Finally, note that each FTT strategy is character-
ized by one strategy parameter.

FTT: Differential Framing Effects

In this section, we discuss whether FTT could
describe differential framing effects, this analysis
is summarized in Table 1. In the Empirical
Review section, we review whether there is
empirical evidence for these theoretical descrip-
tions (also summarized in Table 1).

First, Reyna and Brainerd (1991) proposed to
study the truncation effect as an elegant way to
test FTT. It was found that FTT’s gist strategy can
describe, and even predicts, the truncation effect
(Kiihberger & Tanner, 2010; Reyna & Brainerd,
1991). This is because in the truncated formula-
tion, the gist of sure and risky options will become
the same (Figures 1b and 2.2). It becomes “gain
something” in both gain frame options, resulting
in 50% risky choices, and “lose something” in
both loss frame options, again resulting in 50%
risky choices. Consequently, the framing effect
will be absent (see also Chick et al., 2016;
Kiihberger & Tanner, 2010; Mandel, 2001;
Reynaetal.,2014). Second, the probability effect
cannot be described by FTT’s gist strategy, as itis
independent of gain probability. Third, FTT pro-
poses that the reliance on one over the other strate-
gies may differ between individuals (Reyna, 2012;
Reyna & Brainerd, 2011; Rivers et al., 2008),
although they are available to all (Reyna &
Brainerd, 1994; Reyna et al., 2003). Therefore
FTT could describe individual differences in the
framing effect if there would exist individual
differences in the preference for quantitative
(framing effect absent) versus limited-quantitative
(reverse-framing effect) versus gist-based (fram-
ing effect present) strategy use. Finally, FTT is a

developmental theory, which predicts counterin-
tuitive developmental findings, among them, the
observation that framing effects increase with age
(Reyna & Brainerd, 1995, 2011). FTT states that
young children rely more on the quantitative
strategy, yielding no framing effects, whereas
adults rely more on the gist strategy, yielding
framing effects (Reyna & Brainerd, 1995;
Reyna & Ellis, 1994; Reyna et al., 2011; Reyna
& Farley, 2006; Rivers et al., 2008). Therefore
FTT would be supported by empirical evidence in
favor of such a developmental shift from reliance
on quantitative to gist-based processing.

Dual Proces Theory

According to DPT, decisions are based on an
intuitive response that may be inhibited and
subsequently overridden by a deliberate one
(Kahneman, 2003). In the context of the framing
of decisions, Kahneman and Frederick (2007)
proposed that decision makers are characterized
by an intuitive response to the emotionally loaded
phrasing of the sure options. More specifically
(Figure 2.3), in the gain frame, the sure option is
characterized by ‘“keep,” whereas in the loss
frame, it is characterized by “lose.” This would
result in a liking of the sure option in the gain
frame, and in a disliking of the sure option in the
loss frame, and thus in a framing effect. However,
this intuitive response may be inhibited, and
decision makers may resort to a deliberate process
that does not result in the framing effect. As it
does not result in a framing effect, we assume that
this deliberate process is based on comparing
expected value, just as in FTT’s quantitative
strategy, although this has not been specified in
such detail by Kahneman and Frederick (2007).

DPT: Formal Model

Here we give formalizations of the intuitive
and deliberative strategies in the framing para-
digm, making our assumptions explicit. In the
intuitive strategy, the phrasing of sure options
evokes affect, which then guides the decisions
(Kahneman & Frederick, 2007). In the gain
frame, we quantify the affective response trig-
gered by “keep” by the dummy code d = —1. In
the loss frame, we quantify the affective response
triggered by “lose” by the dummy code d = 1.
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The likelihood to choose risky is then obtained
from Equation 4, on the understanding that the
difference in subjective utility is replaced by the
dummy-coded affective response:

1
isky choi =
p(risky choice) T+ oxp (—d}

The parameter ¢ indexes to what extent decisions
are based on this affective response, with a posi-
tive parameter indicating that more risk is taken in
the loss than in the gain frame. Note that the
structure of the model mimics that of FTT’s gist
strategy (Equation 9); therefore, we use the same
dummy-coded variable d. Note however that the
interpretations of these models differ in an impor-
tant way: Whereas in DPT’s intuitive strategy the
framing effect is triggered by the phrasing of the
sure option, in FTT’s gist strategy it is triggered
by a difference in phrasing between risky and sure
options.

Finally, the deliberate strategy is assumed to be
similar to FTT’s quantitative strategy in which
options are compared on expected value, which
was formalized in Equations 6 and 7. Note that
each DPT strategy is thus characterized by one
strategy parameter.

10)

DPT: Differential Framing Effects

Could DPT be used to describe differential
framing effects? Our answer is summarized in
Table 1. Note again that we review later whether
these theoretical descriptions are actually sup-
ported by empirical evidence. First, we argue that
DPT cannot describe the truncation effect. This is
due to the fact that decision makers using DPT’s
intuitive strategy do not consider information on
the risky option at all (Figure 2.3). Therefore,
omitting part of this information cannot be of any
influence. Second, we argue that the probability
effect also cannot be described by DPT, as deci-
sion makers using DPT’s intuitive strategy do not
consider information on the risky option, and
therefore their decisions are independent of gain
probability. Third, according to DPT, individual
differences in the framing effect could be described
if there would be individual differences in the
capacity to inhibit intuitive responses and in the
capacity to use deliberate processing (Kahneman
& Frederick, 2007). Finally, in a similar way, DPT
could describe a developmental increase in the
framing effect if there would be a developmental

decrease in the capacity to inhibit and in the
capacity to use deliberate processing. Note how-
ever that this contradicts dual-process theories in
the developmental field, which assume a develop-
mental increase in both inhibition and deliberate
processing (e.g., Bjorklund & Harnishfeger, 1990;
Steinberg, 2010).

Hybrid Theory

The aforementioned three theories describe the
framing effect, and could describe some, but not
every differential framing effect (Table 1). In order
to potentially describe all differential framing
effects, we also consider lexicographic theory,
which has been proposed in the decision-making
literature (Broder & Schiffer, 2006; Kelly et al.,
1973; Luce, 1978; Payne et al., 1988; Rieskamp,
2008; Su et al., 2013; Tversky et al., 1988) and in
the developmental literature (Piaget & Inhelder,
1969; Siegler et al., 1981). In this lexicographic
theory, we also incorporate FTT’s idea of “gist,”
hence we coin this Hybrid Theory incorporating
elements from lexicographic theory and FTT.

In lexicographic decision making, options are
sequentially compared on their attributes. That is,
these decision makers first compare options on
one attribute, if they consider differences on this
first attribute to be large, they base their choice on
it. If they consider differences on the first attribute
to be small, they proceed to a second attribute, and
base their decision on that. We first illustrate this,
not in a decision-making task but, in a classic
developmental paradigm, the balance scale task
(e.g., Siegler & Chen, 2002). In this task, parti-
cipants have to decide to which side a balance
scale will tip, depending on the number and
distance of weights on each side of the fulcrum
(Figure 5). A wide variety of strategies can be
used in this task (Jansen & van der Maas, 1997,

Figure 5§
The Balance Scale Task

[&010 |
T LN

Note. Participants have to decide to which side the balance
scale will tip after the supporting blocks have been removed.
Image created by Brenda Jansen.
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Wilkening & Anderson, 1982). For example,
some participants, using an integrative strategy,
multiply attributes, that is, number of weights and
their distance, into a single concept and compare
options on it. However, others, using a lexico-
graphic strategy, do not. More specifically, they
first assess one attribute, often the number of
weights. If they consider differences on the num-
ber of weights to be large, they base their choice on
it. If they consider differences to be small, they
proceed to a second attribute, often distance, and
base their decision on that. In decision-making
tasks, similar processes apply, but in this case
attributes refer to the attributes of decision-making
options (Broder & Schiffer, 2006; Kelly et al.,
1973; Luce, 1978; Pachuretal., 2017; Payne et al.,
1988; Rieskamp, 2008; Su et al., 2013; Tversky
et al., 1988).

Some lexicographic decision makers may
always base their decisions on the first attribute,
even if the attribute differences between options
are small. Several explanations have been put
forward for such a one-attribute strategy. In the
developmental literature, it has been suggested
that a one-attribute strategy is used by decision
makers who cannot suppress an impulsive
response to small differences on the first attribute
(Bjorklund & Harnishfeger, 1990; Borst et al.,
2012; Houdé, 2000; Poirel et al., 2012). For
example young children, characterized by imma-
ture inhibition (Chevalier, 2015; Durston et al.,
2002; Huizinga et al., 2006), often use a one-
attribute strategy (Jansen & van der Maas, 1997,
2001, 2002; Raijmakers et al., 2004), but see
(Schlottmann, 2001; Schlottmann & Anderson,
1994). Moreover, adolescents with mild to bor-
derline intellectual disability, characterized by
immature inhibition (Bexkens et al., 2014),
also use a one-attribute strategy (Bexkens et
al., 2016). In the decision-making literature, it
has been suggested that, if options are approxi-
mately equivalent and if participants are forced to
choose, all decision makers, not only children,
may use a one-attribute strategy. They do so to
simply break the tie between two nearly equiva-
lent options (Tversky et al., 1988), for a similar
line of reasoning, see (Wang, 2008; Wang et al.,
2017). To summarize, a one-attribute strategy
may be used if decision makers cannot inhibit
impulsive responses to the first attribute, or if they
use the first attribute to break the tie between
nearly equivalent options.

Before we provide a lexicographic account of
the framing effect, it should be acknowledged that
this theory is not without criticism. First, it has
been argued, in the decision making as well as in
the developmental literature, that data often do
not offer the possibility to distinguish between
lexicographic and other decision strategies
(Huizenga et al., 2014; Johnson et al., 2008;
Wilkening & Anderson, 1982). Therefore, it is
important to design experimental tasks offering
the possibility to delineate strategies (Rieskamp,
2008). Second, it has been stated that lexico-
graphic decision making may not be used in every
situation, but may be restricted to situations in
which options are nearly equivalent (Leland,
1994; Shafir et al., 1993; Tversky et al., 1988),
as lexicographic decision making then is charac-
terized by a favorable balance between the out-
come of a decision and the time required to obtain
it (Lieder & Griffiths, 2017; Payne et al., 1988).
The framing paradigm arguably satisfies this
requirement of near equivalence, as sure and risky
options have equal expected values.

Which attributes, and in what order, are consid-
ered in the framing task? We propose that the first
attribute is gain probability and the second attri-
buteis FTT s gist. This proposition is motivated by
three reasons. First, previous studies, also in devel-
opmental samples, have shown that probability,
and not gain or loss amounts, often is considered to
be the most important attribute (Aite et al., 2012;
Hasher & Zacks, 1984; Huizenga et al., 2007,
Jansen et al., 2012; Kwak et al., 2015; Payne,
2005; Payne et al., 1988; Slovic, 1995; Slovic &
Lichtenstein, 1983; Van Duijvenvoorde et al.,
2016; Venkatraman et al.,, 2009; Venkatraman
et al., 2014, but see, e.g., Brandstitter et al.,
2006; Rieskamp, 2008). Second, the importance
of the gist attribute is exemplified by the fact that
FTT, in which gist is a crucial attribute, can
describe more differential framing effects than
CPT and DPT (Table 1). Third, this order of
attributes, probability first and gist second, can
predict both the truncation effect and the probabil-
ity effect, as we show later in the section HT:
Differential framing effects.

So, according to HT, decision makers first
assess gain probability, and therefore the decision
problem is edited such that only information on
gain probability remains. If decision makers base
their decision on gain probability, they may either
choose sure or risky (Figure 2.4). As editing has
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resulted in equivalent gain and loss framed items
(Figure 2.4), no framing effect will be present.®

Decision makers may, however, not base their
decision on gain probability, but move on to the
second attribute, gist. The decision problem is
reedited just as in FTT’s gist strategy. Deciding
given this second attribute will result in a framing
effect, just as in FTT’s gist-based strategy (Figure
2.4). The risky gain probability threshold at which
decision makers base their decision on the second
instead of the first attribute may for example, be .6.
In this case, decision makers are not affected by
frame at low risky gain probabilities, but are
affected at high risky gain probabilities.

HT: Formal Model

In this section, we derive the formal model and
our associated assumptions for the two-attribute
strategy; the one-attribute strategy is shown to be
a special case of it. Decision makers base their
decisions on a quantity q, which may either be a
difference in gain probability or a difference in
gist. The risky gain probability threshold param-
eter at which decision makers jump from gain
probability- to gist-based decisions is denoted by
the parameter . Formally:

_ [ Bo+Bi(p() —p(s) p(r) <
q‘{93 R IRV

As the gain probability of the sure option is
always one, we omit it without loss of generality:

_ { Bo+Pip(r) p(r) <w
4= {9& 1 p(r) >y’ (12)
p(risky choice) = T expla]’ (13)

In Equation 12, risky gain probability is again
denoted by p(r). The parameter f, is an intercept.
A positive fpindexes that if risky gain probability
is zero, people prefer the risky option; a negative
parameter indicates that they then prefer the sure
option. The parameter f; quantifies how deci-
sions are based on risky gain probability. A
positive f; indicates an increasing preference
for risky options if risky gain probability in-
creases, whereas a negative parameter indicates
a decreasing preference. The difference in gist
(i.e., the second attribute) is coded by d = 1 in the
loss frame and d = —1 in the gain frame, just as in

FTT’s gist strategy. The parameter 6 quantifies to
what extent decisions are based on the difference
in gist; a positive 0 indicates that more risk is
taken in the loss than in the gain frame. Note that if
the threshold parameter y exceeds the maximum
risky gain probability in a task, decision makers
always base their decision on the first attribute. In
total the HT strategy is thus characterized by four
strategy parameters.

HT: Differential Framing Effects

Again we first analyze whether HT could
describe differential framing effects, in the
Empirical Review section, we then discuss
whether such a description is actually supported
by empirical evidence. First, and as summarized
in Table 1, HT can describe and even predicts the
truncation effect. That is, just as in FTT’s gist
strategy, the framing effect originates in gist
differences, which will disappear when frame-
inconsistent information is omitted. Second, HT
can describe and even predicts the probability
effect. More specifically, at low risky gain prob-
abilities, the difference between risky versus sure
gain probabilities is large. Therefore, people may
consider only gain probability and thus will not be
affected by frame. However, with increasing
probability of risky gains, the probability differ-
ence between sure and risky options decreases.
As a consequence, decision makers will have an
increasing tendency to consider the second attri-
bute, gist, which will introduce a framing effect.
Third, HT could describe individual differences
in the framing effect if only some decision makers
would consider the second attribute, gist. As
argued earlier, they may do so if they are able
to inhibit an impulsive response to the first attri-
bute, gain probability, or if they do not use gain
probability to break the tie between nearly equiv-
alent options (Tversky et al., 1988). Finally, and in
a similar way, HT could describe a developmental
increase in the framing effect if there would exist a
developmental increase in inhibition or a develop-
mental increase in the tendency to use probability
to break the tie between nearly equivalent options,
or in both underlying processes.

8 Note this was also noticed by Reyna and Ellis (1994)
whom stated that “[...] children might focus on the risk
dimension, [...]. This trend would not differ across frames,

[...].”.
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Empirical Review

In the previous section, we analyzed whether
differential framing effects could be described by
each of the four theories. We showed that FTT
and HT could describe the truncation effect, that
HT could describe the probability effect, and that
all theories could describe individual and devel-
opmental differences in the framing effect if
individual and developmental differences in
explanatory constructs are present. In the current
section, we review whether such descriptions are
actually supported by empirical evidence.

We showed that both FTT and HT could
describe, and even predict, the truncation effect
as truncation removes gist differences. These FTT
and HT descriptions of the truncation effect are
indeed supported by empirical evidence (Chick et
al., 2016; Kiihberger & Tanner, 2010; Mandel,
2001; Reyna & Brainerd, 1991; Reyna et al.,
2014). We also showed that HT could describe,
and even predict, the probability effect since
the second attribute, gist, is only considered at
high gain probabilities. However, there is to our
knowledge no empirical evidence addressing this
suggestion. Kiihberger even speculated that the
probability effect may originate in a confound of
probability with gain or loss amounts (Kiihberger
etal., 1999). If found to be true, this would provide
evidence against HT’s account of the probability
effect. In the current empirical study, we therefore
remove this confound.

Finally, we showed that all theories could
describe individual and developmental differ-
ences if there would exist individual and devel-
opmental differences in a variety of constructs.
That is, CPT requires differences in underweight-
ing of large amounts, FTT differences in the
reliance on gist versus quantitative strategies,
DPT differences in inhibition and deliberation,
and HT differences in inhibition and differences
in a preference for using probability to break the
tie between nearly equivalent options. We will
refer to these as differences in explanatory con-
structs. We now review whether individual and
developmental differences in the framing effect
are related to individual and developmental dif-
ferences in these explanatory constructs. For
example, let us consider CPT, which proposes
that increased underweighting of large amounts
increases the framing effect. Supporting evidence
would then be that individuals scoring high on
indices related to underweighting would show a

more pronounced framing effect. Evidence on
developmental differences would preferably be
derived from a mediation analysis. In the CPT
example, the effect of age (independent variable)
on the framing effect (dependent variable) should
then be mediated by indices related to underweight-
ing. However, as such mediational evidence is
lacking for all theories, we can only discuss studies
on age-related changes in explanatory constructs.
For example, in CPT, we only discuss evidence on
the development of indices related to underweight-
ing of large amounts. To foreshadow the results, the
conclusion of this empirical review is that evidence
on individual and developmental differences is far
from unequivocal. We therefore argue that a new
type of empirical study is needed, which we then
report in the remainder of the article.

Individual Differences

In CPT, the explaining construct is under-
weighting of large amounts. To our knowledge,
and surprisingly, no studies directly tested asso-
ciations between individual differences in the
framing effect and individual differences in un-
derweighting. However, as underweighting is
generally interpreted as an indication of subjec-
tivity (Tversky & Kahneman, 1992), indirect
empirical evidence can be obtained from studies
investigating the relationship between the fram-
ing effect on the one hand and a wide variety of
subjectivity/objectivity indices on the other.
Many studies investigated this association, and
CPT can thus be considered as supported by
studies showing that the framing effect is associ-
ated with high scores on a presumed subjectivity
index, experiential processing (Stark etal., 2017),
and by studies showing that the framing effect is
associated with low scores on presumed objec-
tivity indices, like SAT scores (West et al., 2008),
analytic versus holistic thinking style (McElroy
& Seta, 2003), and need for cognition (Simon et
al., 2004; Smith & Levin, 1996), and by studies
showing that a reduced framing effect is observed
in individuals with autism spectrum disorders,
known to be characterized by objective proces-
sing (De Martino et al., 2008). However, other
studies have shown that the framing effect is not
associated with indices like need for cognition
(LeBoeuf & Shafir, 2003), rationality (Shiloh et
al., 2002), rational thinking (Mahoney et al.,
2011), SAT scores (Stanovich & West, 2008),
conscientiousness (Appelt et al., 2010), rational
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processing (Stark et al., 2017), analytic think-
ing (Miller et al., 2009), cognitive reflection
(Toplak et al., 2014), and a variety of decision-
making styles (Bruine de Bruin et al., 2007).'°
Moreover, contradicting the CPT description,
one study indicated that the framing effect is
increased, instead of decreased, in individuals
scoring high on working memory capacity
(Corbin et al., 2010).

InFTT, the explanatory construct is reliance on
gist versus quantitative strategies. Again, to our
knowledge, no studies directly tested a relation-
ship between this preference and the framing
effect. However, this preference may be related
to the aforementioned subjectivity/objectivity
indices, where gist-based processing would be
associated with indices of subjectivity whereas
quantitative strategies would be associated with
indices of objectivity. As indicated in the previ-
ous CPT paragraph, the evidence for such a
relationship is mixed.

In DPT, the explanatory constructs are the
capacity to inhibit intuitive responses and the
capacity to use deliberate processing. Kahneman
and Frederick (2007) argued that the role of
inhibition may be supported by the observation
that individuals with a diminished framing effect
are characterized by enhanced responses in the
orbitomedial prefrontal cortex (OMPFC; De
Martino et al., 2006; Roiser et al., 2009), which
has been implicated in the inhibition of intuitive
responses (Etkin et al., 2011; Ochsner et al.,
2004). Inhibition as an explaining construct is
also supported by a study showing that some, but
not all, indices of inhibition are associated with a
diminished framing effect (Siitterlin et al., 2011).
Kahneman and Frederick argued that the role of
deliberation may also be supported by enhanced
responses in the OMPFC (De Martino et al., 2006;
Roiser et al., 2009) as OMPFC activity may
reflect the integration of several sources of infor-
mation. However, assuming that deliberation can
be assessed by the aforementioned behavioral
subjectivity/objectivity indices, the evidence in
favor of the deliberation construct is, as indicated
in CPT paragraph, mixed.

Finally, HT’s explanatory constructs are inhi-
bition and using probability to break the tie
between nearly equivalent options. The empirical
evidence related to inhibition contradicts HT’s
description that increased inhibition is related to
an increased framing effect, as it has been shown
to be unassociated, or even associated with a

decreased framing effect (Siitterlin et al.,
2011). Moreover, it is unclear how to operatio-
nalize the construct “probability to break the tie
between nearly equivalent options’’. Arguably,
such a focus on probability may be supported by
the observation that OMPFC activity is associ-
ated with a decreased framing effect (De Martino
etal., 2006; Roiser et al., 2009). OMPFC activity,
implicated in the coding of a common currency
(Levy & Glimcher, 2011; Sescousse et al., 2013),
would then reflect probability coding. However,
to our knowledge, no studies tested whether
OMPEC activity in the framing task scales with
probability.

Developmental Differences

A CPT description of a developmental increase
in the framing effect would be supported by
empirical evidence showing that underweighting
of large amounts increases with age. To our
knowledge no study tested this, however, some
studies did test other forms of subjective weight-
ing. These studies contradict the CPT description:
One study found a developmental decrease in
subjective probability weighting (Harbaugh etal.,
2002), and others an age related increase in
objective number representation (for an over-
view: Siegler et al., 2009). Indirect evidence,
again based on the assumption that subjective
weighting is related to subjectivity/objectivity
indices, also contradicts a CPT description, as
there is an age-related decrease in subjectivity
(Kokis et al., 2002; Stanovich et al., 2008).

FTT can describe and even predicts a develop-
mental increase in the framing effect. This predic-
tion would be supported by empirical evidence
showing an age-related increase in reliance on gist
strategies. Indeed, in the domain of decision mak-
ing, reasoning, and memory, it has been shown
that reliance on heuristic processing increases with
age (Brainerd & Reyna, 2015; Davidson, 1991; De
Neys & Vanderputte, 2011; Furlan et al., 2013;
Jacobs & Klaczynski, 2002; Morsanyi & Handley,
2008). However, if one assumes that a preference
for gist strategies is related to subjectivity indices,

10 Some have argued that associations are more likely to be
observed in within-subjects designs. That is, people scoring
high, as compared to low, on objectivity indices may be better
able to recognize that problems are equivalent and thus will
be less affected by frame (Broniatowski & Reyna, 2018;
LeBoeuf & Shafir, 2003; Stanovich & West, 2008).
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the evidence contradicts the FTT description, as
several studies report a developmental decrease in
subjectivity indices (Kokis et al., 2002; Stanovich
et al., 2008).

A DPT description of a developmental increase
in the framing effect would require empirical evi-
dence showing a developmental decrease in both
inhibition and deliberate processing. However,
there is a developmental increase in inhibition
(e.g., Best & Miller, 2010; Crone, 2009; Durston
et al., 2002; Huizinga et al., 2006; Steinbeis &
Crone, 2016) and in deliberate processing as oper-
ationalized by subjectivity/objectivity indices
(Kokis et al., 2002; Stanovich et al., 2008).

A HT description of a developmental increase
in the framing effect would require empirical
evidence showing a developmental increase in
inhibition or using probability to break the tie
between nearly equivalent options. Indeed there
is a developmental increase in inhibition (e.g.,
Best & Miller, 2010; Crone, 2009; Durston et al.,
2002; Huizinga et al., 2006; Steinbeis & Crone,
2016). However, we are not aware of any studies
addressing development in the construct of using
probability to break the tie between nearly equiv-
alent options.

Conclusion and Discussion Theoretical
Analysis and Empirical Review

An adequate theory of the framing effect
should not only describe the framing effect itself,
but also should describe differential framing ef-
fects, that is, task-related, individual, and devel-
opmental differences in this effect. Therefore, we
analyzed for each of the four theories whether it
could describe these differential framing effects.
The general conclusion is that CPT, FTT, and
DPT could describe some, but not every differ-
ential effect, whereas HT, incorporating elements
from lexicographic theory and FTT, could
describe every effect. However, the empirical
evidence regarding these descriptions is not con-
clusive, as can be seen in the summary in Table 1.
Although FTT’s and HT’s description of the
truncation effect is supported by empirical evi-
dence, there is no evidence pertaining to HT’s
description of the probability effect. Moreover,
the empirical evidence on the CPT, FTT, DPT,
and HT descriptions of individual and develop-
mental differences contradicts these descriptions
or is inconclusive.

Therefore, the empirical evidence does not offer
the opportunity to unequivocally decide which
theory best describes differential framing effects.
For these reasons, we aimed to gather additional
evidence in an empirical study in which we im-
plemented a new experimental and data analytic
approach. This new approach allowed us to
directly pit theories against each other, as is further
outlined in the next section.

Empirical Study

The purpose of the empirical study was to
determine which theory best describes differen-
tial framing effects. In the theoretical section, we
showed that each theory of the framing effect can
be rewritten as a formal model. This offers the
unique opportunity to compare theories directly
by testing which formal model best describes data
on differential framing effects. In doing so, two
issues deserve special consideration.

The first issue to be considered is the experi-
mental paradigm’s sensitivity to distinguish
between theories. A sensitive paradigm should
satisfy two requirements. First, its items should
vary in risky gain probability, as effects of risky
gain probability are not described by FTT and
DPT, whereas they are described by CPT and LT.
Second, items of a sensitive paradigm should
differ in gain amounts and loss amounts, as effects
of these attributes are not described by DPT and
HT, whereas they are described by CPT and FTT.
In the empirical study, we therefore tested the four
theories against each other by employing a sensi-
tive experimental paradigm, consisting of multi-
ple items that differ in gain probabilities and in
gain and loss amounts.

The second issue relates to the fact that there
may exist individual and developmental differ-
ences in strategy use (Bexkens et al., 2016;
Glockner & Pachur, 2012; Horstmann et al.,
2012; Huizenga et al., 2007; Jansen et al., 2012;
Lang & Betsch, 2018; Mata & Von Helversen,
2011; Pachur & Olsson, 2012; Pachur et al., 2017;
Steingroever et al., 2014; Zadelaar et al., 2019). In
accordance, FTT, DPT, and HT all propose that
people may differ in their strategy use. For exam-
ple, according to FTT people may use a quantita-
tive, a limited-quantitative, or a gist strategy.
Moreover, although not proposed as such by either
of these theories, some decision makers may use a
strategy proposed by one theory, whereas others
may use a strategy proposed by another theory.
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Therefore, a traditional analysis of averaged
data may mask important individual and devel-
opmental differences, or may even result in erro-
neous conclusions on strategy use. For example,
let us suppose that decision making is governed
by the laws of FTT, and that half of the partici-
pants uses the limited-quantitative strategy, yield-
ing the reverse-framing effect, whereas the other
half uses a gist strategy, yielding the regular
framing effect. In this case, average data will
show no framing effect at all, which will then
be incorrectly interpreted as being indicative of
usage of FTT’s quantitative strategy. For these
reasons, we used a hierarchical Bayesian model-
based mixture analysis, that is very well suited to
identify such strategy differences.

Method

Participants

To investigate individual and developmental
differences in the framing effect, we studied a
large and developmentally diverse sample. Chil-
dren and adolescents were recruited through
schools for primary and secondary education in
the Netherlands; adults were psychology students
from the University of Amsterdam. The total
sample consisted of 294 participants in several
age groups: 6-8 years (N = 50; M,q. = 6.8; 54%
male), 8-10 years (N = 50; Mg = 8.6; 41% male);
10-12 years (N = 50; M. = 10.9; 54% male), 12—
13 years (N = 51; M, = 12.3; 35% male), 14-16
years (N =49; M. = 14.3; 37% male), and 18-57
years (N = 44; M,,. = 23.6; 36% male).'" For
children and adolescents, primary caretakers were
informed about the experiment and were provided
with the opportunity to exempt their child from
participating. Adults gave written informed con-
sent. All procedures were approved by the local
ethics committee of the University of Amsterdam.

Materials and Experimental Design

The framing task was a paper-and-pencil task,
coined “The Money Game.” The task consisted of
two booklets, one containing 32 regular gain-
framed items, and the other containing 32 match-
ing regular loss-framed items. Each participant
filled in both booklets. In these regular items, risky
and sure options had the same expected value (see
Table 2). Both booklets also contained four catch
items in which risky and sure options markedly

differed in their expected value (Table 2). These
catch items allowed us to determine whether
participants understood the task and paid attention
to it (De Martino et al., 2006), which is especially
important in the present study, as itincluded young
children. In each item, participants were presented
with an endowment and were asked to make a
choice between a sure and arisky option (Figure 6).
Probabilities were presented graphically (De
Martino et al., 2006), to increase understanding
of the probability concept, especially by children
(Reyna & Farley, 2006).

To study the framing effect, we included the
within-subjects factor frame with two levels: gain
frame and loss frame. To study the probability
effect, we included the within-subjects factor prob-
ability of a risky gain, with levels .2, .4, .6, and .8.
To check for the potential effect of gain and loss
amounts, we included the factor scenario with two
levels: constant sure gain (CSG) or constant sure
loss (CSL; Table 2). Note that due to the require-
ment of equal expected values of sure and risky
options, probability differences might be con-
founded with gain or loss amount differences
(Table 2, final two columns; Kiihberger et al.,
1999). That is, in the CSL items, probability
differences are confounded with loss amount dif-
ferences, whereas in the CSG items, probability
differences are confounded with gain amount
differences. Administering both sets of items how-
ever eliminates these confounds. That is, if we find
a probability effect in both sets of items, we can
attribute it to probability differences and not to
gain or loss amount differences. Similarly, if we
find effects of Scenario, we can attribute it to gain
and loss amount differences and not to probability
differences.

Each of the 2 (frame) X 4 (probability) X 2
(scenario) = 16 item types was repeated in four
blocks; twice with the sure option in the upper
position, and the risky option in the lower posi-
tion, and twice vice versa. Within the gain and
loss frame version of the booklet, each of the four
blocks contained all eight item types, the order of
item types within a block was random, half of the
participants received this order and the other half
received the reversed order. Each item was pre-
sented on a separate page.

'""'The initial sample contained more participants in the
three youngest age groups. To prevent results to be dominated
by these age groups, we randomly selected 50 participants.
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Table 2

Characteristics of Item Types

Loss
amount dif.

Gain
amount dif.

Gain
probability dif.

Risky Risky loss  Sure gain Sure gain Sure loss Sure loss
loss amount probability probability

Risky gain

Risky
gain amount

amount

amount

probability probability

Endowment

Scenario: constant sure loss (CSL)

—4.5
-12.0
-27.0
=72.0

18.0

—18.0
—18.0
—18.0
—18.0

4.5

=225
-30.0
—45.0
-90.0

22.5

22.5

18.0

12.0

30.0

30.0

18.0

27.0

45.0

45.0

18.0

72.0

90.0

90.0
Scenario: constant sure gain (CSG)

—6.0

24.0

—-24.0

6.0
6.0
6.0
6.0

-30.0
-15.0
-10.0

30.0

30.0

-6.0

9.0
4.0

-9.0

15.0

15.0

-6.0

-4.0

10.0

10.0

—6.0

1.5

-1.5

=715

7.5

7.5
Catch

HUIZENGA ET AL.

—45.0

-.95 5.0
45.0

-.05

-5.0
—45.0

.05 -50.0 .95 45.0
-50.0 .05

50.0

50.0

-5.0

5.0

95

50.0

50.0

dif. = difference.

Note.

Procedure

The Paper-and-Pencil test was administered
groupwise. Participants were handed the gain
and loss frame booklets; both booklets contained
an instruction including two example items. As
the three youngest age groups received groupwise
verbal instruction, order of booklets was not
counterbalanced between participants, but
between classes of the same age. So for example,
if 8—10 year olds were sampled from two classes,
one class received the gain—loss order, and the
other class the loss—gain order. In the three older
age groups, order of booklets was counterba-
lanced between participants.

In the three youngest age groups, the experi-
menter and the participants went through the
instructions together, and instructions were illus-
trated by a spinning wheel. The instructions
concerned two examples in which expected va-
lues of sure and risky options differed to a large
extent. In one example the sure option was clearly
superior, in the other example the risky option
was clearly superior. In this manner, we did not
bias participants to either sure or risky options.
Participants were then asked to quietly fill in all
items in the gain frame booklet. After completion
of the gain frame booklet, the experimenter read
out aloud a brief unrelated story from a children’s
book. Thereafter, the experimenter went through
the loss frame instruction, which was equivalent
to the gain frame instruction, except that the
wording of the sure option was adapted to the
loss frame. Subsequently, participants were asked
to quietly fill in all items in the loss frame booklet.
In the three older age groups, instructions were
similar, yet were not read aloud and were not
illustrated by a spinning wheel. In addition, par-
ticipants did not pause in between the two book-
lets. All children and adolescents received a small
present after completing the test; adults obtained
course credit and received a candy bar. Incentives
did not depend on performance.

Data Analysis

Analysis of Missing Values on Regular
Items. On nearly all of the 16 regular item types,
maximally two out of 294 participants had one or
more missing values. However, three participants
had one or more missing values on the loss-
framed item with an endowment of 45, and 18
participants one or more missing values on the
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Figure 6
An Example of a Gain-Framed Item

T Keep
everything

ELose
everything

loss-framed item with an endowment of 22.5. As
the number of missing values was thus very low,
we computed per participant the percentage of
risky choices over available repetitions, in gen-
eral thus four, but in a few cases less than four.

Analysis of Catch Items. The percentage of
correct responses on the catch items was very
highinevery age group (8—10 years: 90%, 10—12
years: 99%, 12-13 years: 96%, 14-16 years:
96%, 18-57 years: 95%), except in the youngest
age group of 68 years (72%). This suggests that
about a quarter of the children in this age group
did not understand the task or did not pay atten-
tion to it. Lack of understanding or lack of
attention may lead to random choice, that is,
50% risky choices in gain and loss frames, which
then mistakenly may be interpreted as objective
(CPT), quantitative (FTT), or deliberate (DPT)
strategy use (Stanovich et al., 2011). Therefore,
we omitted this age group from further analyses,
leaving 294 — 50 = 244 participants for further
analyses.

Traditional Analysis of Group-Averaged
Data. To offer the possibility to compare our
results to those obtained from traditional frequen-
tist analyses on group-averaged data, the type of
choice (risky or safe) on an item type'? served as a
dependent variable in a mixed model logistic
regression analysis using traditional null hypoth-
esis testing. The independent variables were the
between-subjects variable age group (coded as 1,
2, 3, 4, 5; continuous), and the within-subjects
variables frame (gain, loss; coded as —1 and 1;
nominal), probability (.2, .4, .6, .8; continuous),
and scenario (CSL and CSG; coded as —1 and 1;
nominal). As random effects we included the

variances and covariances of all main and
interaction effects of the within variables,
these effects were thus allowed to vary over
participants. All independent variables were
standardized (Dalal & Zickar, 2012; Jaccard
et al., 1990). Analyses were performed with
the glmer function (family binomial) from the
R-package Ime4 (Bates et al., 2015). Test on
fixed effects were obtained by a Likelihood
Ratio Test. Only main and interaction effects
with frame are reported.

Hierarchical Bayesian Model-Based Mixture
Analysis. This was used to assign each individ-
ual simultaneously to its most likely strategy and
to estimate the corresponding strategy parame-
ters. The five possible strategies were CPT,
HT, FTT gist/DPT intuitive, FTT limited-
quantitative, and FTT quantitative/DPT deliber-
ate. The FTT gist and DPT intuitive strategy, as
well as the FTT quantitative and DPT deliberate
strategy are mathematically identical, if concep-
tually distinct (cf. Theoretical Analysis section).
In the following, we describe the analysis con-
ceptually, for details and a graphical model,
please refer to online Supplemental Materials 3.

The strategy index parameter was categorically
distributed so that all five strategies had equal prior
probabilities: Cat(.2,.2,.2,.2,.2). The strategy
parameters, the parameters defining each strategy,
had a hierarchical structure: individual-level strat-
egy parameters and group-level strategy parame-
ters (i.e., the mean and standard deviation of the
overarching distributions from which individual
parameters were drawn). The prior on the shape of
the overarching distribution was a truncated nor-
mal distribution, reflecting the assumption that
individual differences in strategy parameters are
normally distributed. The priors on the mean of the
overarching distributions were uniform and their
range reflected theory-based assumptions, as out-
lined in the next paragraph. The priors on the
standard deviation of the overarching distribution
allowed very tight to very wide distributions. That
is, they were uniform distributions ranging from
0t0.25 times the range of the prior on the mean. So
for example, if the prior on the mean ranged from
0 to 1, the prior on the standard deviation ranged
from O to .25. The analysis was performed by a

12 The dependent variable was thus averaged over the
responses on four identical replicates of each item type.
See online Supplemental Material 2, for a further motivation
of the choice for this dependent variable.
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latent-mixture model (Lodewyckx et al., 2011)
and assignment of each individual to a strategy
was based on the posterior odds. Please refer to
online Supplemental Materials 3 for more details.

The priors on the mean of the overarching
distributions are given in Table 3. For CPT, the
priors were defined such that they “excluded
theoretically impossible values but included
parameter values found in previous research”
(Pachur et al., 2017, p. 68). Note that as the
CPT model is often considered to be the standard
model accounting for framing effects, it is impor-
tant to use its full potential to fit the data. There-
fore we allowed 6 and y to differ between gains
and losses (e.g., Lattimore et al., 1992). The
parameter a was not allowed to vary between
gain and loss domains, as this may lead to under-
estimation of A (Nilsson et al., 2011).

DPT’s impulsive and deliberate strategies, and
FTT’s gist, limited-quantitative, and quantitative
strategies each required only one parameter: ¢.
The prior was wide, (0, 10), allowing the likeli-
hood to choose risky to vary between 0 and 1. The
HT model contained four parameters: s, Po, B1,
and 0. The range of the probability threshold y
should be (0, 1), as risky gain probability varied
between 0 and 1. The range of fp was set to (—10,
10). In this manner, the likelihood to choose risky
at a zero gain probability varied between O and 1.
The range of f; was set to (—40, 40), thereby
allowing both decreasing and increasing prefer-
ences for the risky option with increasing risky
gain probability. The range of 8 was set to (0, 10).
The lower bound for O should be zero, as HT
models only the regular framing effect and not the
reverse-framing effect; the upper bound of 10
followed the same rationale as that for 3.

Publication materials, including analysis code,
will be made publicly available on the Open
Science Framework (Huizenga et al., 2022).

Results

Traditional Analysis of Group-Averaged Data

Figure 7 depicts the percentage of risky choices
as a function of frame, probability, scenario, and
age group. The Likelihood Ratio Test shows the
typical main effect of frame (b = .25, y[1] =
28.99, p <.001), in that more risk was taken in the
loss compared to the gain frame. The frame-by-
age group interaction (b = .21, y[1] =22.36, p <
.001) indicated that the framing effect increased

with age. The frame-by-probability interaction
(b=.26,y[11=17.70, p <.001) indicated that the
framing effect increased with increasing risky
gain probability. A frame-by-scenario interaction
was also present (b = .06, x[1] =4.34, p =.037):
The framing effect was more pronounced in CSG
than in CSL items. Both interactions were
included in a three-way interaction between
frame, probability, and scenario (b = —.08,
x[11=4.92, p=.027): The probability-dependent
increase in the framing effect was more pro-
nounced in CSL than in CSG items. Finally, a
frame-by-scenario-by-age interaction (b = .09,
x[11 = 8.22, p = .004) indicated that the age-
related increase in the framing effect was more
pronounced in CSG than in CSL items. The other
three- and four-way interactions with frame
were not significant (frame by probability by
age p = .61; frame by scenario by probability
by age: p = .080).

Taken together, this group-averaged analysis
provides some evidence for each of the theories.
First, the framing effect increases with risky gain
probability (De Martino et al., 2006; Kiihberger
et al., 1999), which could only be described by
HT. Second, scenario moderates the framing
effect. This moderation by scenario could only
be described by CPT and FTT, as the other
theories are independent of gain and loss
amounts. Third, the framing effect increases
with age (Reyna & Ellis, 1994; Reyna et al.,
2011; Schlottmann & Tring, 2005), which could
be described by all theories. Note, however that
this group-averaged analysis can give rise to
biased conclusions if strategy differences are
present. We therefore now proceed to the results
of the hierarchical Bayesian model-based mixture
analysis.

Hierarchical Bayesian Model-Based
Mixture Analysis

As can be seen in final row of Table 4, 22% of
the individuals were assigned to CPT, 9% to FTT
gist/DPT intuitive, none to FTT limited quantita-
tive, 9% to FTT quantitative/DPT deliberate, and
60% to HT (see Supplemental Figure S3, for a
classification plot, and Supplemental Table S1,
for information on the assignment of each
individual).

According to CPT, framing effects originate in
an underweighting of large amounts, captured by
an o below 1.00, an often cited estimate being .88
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Table 3
Priors and Posteriors of Overarching Means
Estimates Lower Upper
Strategy Parameter Prior mean bound bound
CPT o U@, 1) 0.58 0.48 0.66
S, U(Q, 5) 2.01 1.65 2.47
d 4 U, 5) 2.02 1.70 2.48
Ye U(©,1) 0.91 0.78 1.00
Y1 U@, 1) 0.97 0.91 1.00
A U, 5) 1.97 1.00 2.93
[0} U(Q, 5) 4.72 4.06 4.99
FTT gist/DPT intuitive [0} U(, 10) 0.45 0.02 0.67
FTT limited-quantitative [} U(0, 10) — — —
FTT quantitative/DPT deliberate ) U, 10) 491 0.01 9.39
HT Bo U(-10, 10) -5.81 —7.48 —4.64
By U(-40, 40) 9.41 8.20 10.56
b d U@, 1) 0.98 0.93 1.00
0 U(, 10) 0.42 0.01 0.92
Note. For each parameter, the uniform (U) priors on the mean of overarching distribution, the median

of the estimated mean of the overarching distribution, and the associated 95% credibility interval.
Estimates are only tabulated if at least one individual was assigned to a strategy. CPT = cumulative
prospect theory; FTT = fuzzy trace theory; DPT = dual process theory; HT = hybrid theory.

(Tversky & Kahneman, 1992). Indeed, the
median of the overarching mean estimate of o
was below 1 (see Table 3), which was also true for
all individual level estimates (see Supplemental
Figure S4). All other CPT parameter estimates
showed pronounced individual differences (see
Supplemental Figure S4), associated modeled
choice patterns also did so: They showed no,
reverse or regular framing effects, the latter
increased or decreased with probability of risky
gains (see Supplemental Figure S5).

FTIT and DPT can describe the presence of
framing effects by reliance on an FTT gist/DPT
intuitive strategy and their absence by reliance on
an FTT quantitative/DPT deliberate strategy.
Indeed 9% were assigned to the FTT gist/DPT
intuitive strategy, and 9% were assigned to the
FTT quantitative/DPT deliberate strategy. Hence

Figure 7

modeled choice patterns showed framing effects
for those assigned to the former strategy, whereas
they did not do so for those assigned to the latter
strategy (see Supplemental Figure S5).

According to HT, framing effects are due to a
probability threshold y below 0.8. The median of
the overarching mean estimate of y exceeded 0.8
(see Table 3), but the median of the individual
estimates was above 0.8 for 47%, whereas it was
below 0.8 for 13% of the total sample. Accord-
ingly, modeled choice patterns for the former
individuals did not show framing effects, whereas
they did so for the latter (see Supplemental
Figure S5).

The main conclusion of this analysis therefore is
that individual differences in framing effects are
best described by the notion that a majority uses
the HT strategy, and a sizable minority the CPT

Percentage of Risky Choices (y-Axis), as a Function of Probability of a Risky Gain (x-Axis), Frame (Gain, Loss
[dotted]), Scenario (Gray: CSL; Black: CSG), and Age Group

Age group=8-10 y.o. Age group=10-12 y.o.

2 ® 3
g8 8 8
2 3
8 8

)
8

9% risky choices

8

9% risky choices
9% risky choices
s
&

iy
&

8 2 8 2

4
Probabilty risky gain

4 6
Probabilty risky gain

CSL = constant sure loss; CSG = constant sure gain.

Age group=12-13 y.o.

4 6
Probabilty risky gain

Age group=14-16 y.o. Age group=18-57 y.o.

3
8
8

m
8
3

>
8

9% risky choices
% risky choices
& 3
il
‘/ ‘

iy
&

N
8

°

8 2 8 2

4 a
Probabilty risky gain Probability isky gain


https://doi.org/10.1037/dec0000201.supp
https://doi.org/10.1037/dec0000201.supp
https://doi.org/10.1037/dec0000201.supp
https://doi.org/10.1037/dec0000201.supp
https://doi.org/10.1037/dec0000201.supp
https://doi.org/10.1037/dec0000201.supp
https://doi.org/10.1037/dec0000201.supp

publishers.

I

ghted by the American Psychological Association or one of its allied

This document is copyri

Psychological Association.

rough the Ame

Content may be shared at no cost,

22 HUIZENGA ET AL.

Table 4

Number of Individuals Assigned to a Strategy

Age group CPT FTT gist/DPT int. FTT qua/DPT del. HT HT1 HT2
8-10 years 12 0 7 31 29 2
10-12 years 5 2 3 40 34 6
12-13 years 11 3 4 33 26 7
14-16 years 10 11 3 25 16 9
18-57 years 17 5 5 17 10 7
Total 55 21 22 146 115 31
Total % 22% 9% 9% 60% 47% 13%
Note. The FTT limited quantitative strategy is not included, as it was never assigned. Final rows: number and

percentage aggregated over age groups. In the HT strategy, we also made a distinction between individuals
with an estimated probability threshold above .8 (decisions based on one attribute: HT1) and individuals with
an estimated threshold below .8 (decisions based on two attributes: HT2). qua = quantitative, int = intuitive,
del = deliberative; CPT = cumulative prospect theory; FTT = fuzzy trace theory; DPT = dual process theory;

HT = hybrid theory.

strategy or one of the FTT/DPT strategies. One final
aspect is worth mentioning: CPT strategy parame-
ters and consequently modeled choice patterns
showed marked variations between individuals.

Age Effects

To reiterate, each of the theories can potentially
describe a developmental increase in framing ef-
fects. CPT by a developmental decrease in a (as an
a < 1 denotes underweighting of large amounts,
which is proposed to generate framing effects);
FTT and DPT by a developmental increase in the
use of the FTT gist/DPT intuitive strategy and a
developmental decrease in the use of the FIT
quantitative/DPT deliberate strategy; HT by a
developmental increase in the use of the two-
attribute HT strategy and a developmental decrease
in the use of the one-attribute HT strategy.

To address the CPT description, we tested in a
Bayesian regression using the brms package
with default priors (Biirkner, 2017), whether o
decreased with age (linear effect of age group),
which proved not to be the case b = 0.00, 95% CI
[—0.00, 0.00].

To address the FTT, DPT, and HT descrip-
tions, we first determined for those assigned to
HT, whether they adopted a one-attribute strategy
(probability threshold >0.8) or a two-attribute
strategy (probability threshold <0.8). Table 4
gives the resulting crosstabulation of assigned
strategy by Age group. There was an age-related
decrease for the one-attribute HT probability-gist
strategy, b = —0.45, 95% CI [-0.65, —0.26], and
there tended to be an age-related increase for
the two-attribute HT strategy, b = 0.29, 95%

CI [0.00, 0.57]. There was also an age-related
increase for the FTT gist based/DPT intuitive
strategy, b = 0.60, 95% CI [0.23, 1.00], but the
effect of age on the FFT quantitative/DPT deliber-
ative strategy was small and probably absent
(Wagenmakers et al., 2020); b = —0.08, 95%
CI [-0.41, 0.24].13 Taken together, these results
thus indicate that a developmental increase in fram-
ing effects is best described by a developmental
decrease in the one-attribute HT strategy, a ten-
dency of a developmental increase in the two-
attribute HT strategy, and a developmental increase
in the FTT gist based/DPT intuitive strategy.

Conclusion and Discussion Empirical Study

The results of the empirical study indicate that
individual and task-related differences in framing
effects are best described by the notion that a
majority uses the HT strategy and a sizable minor-
ity the CPT or a DPT/FTT strategy. Moreover,
pronounced individual differences in the parame-
ters governing CPT strategies also contribute to
individual differences in framing effects. With
respect to developmental differences, the develop-
mental increase in framing effects is best described
by a developmental decrease in the one-attribute
HT strategy and a developmental increase in the
FTT gist based/DPT intuitive strategy and the two-
attribute HT strategy, although the latter develop-
mental effect was small.

13 For the record, we performed a similar analysis for CPT:
Its use tended to increase with age, b = 0.22, 95% CI [0.00,
0.45].
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This conclusion is derived given a task and
analytic procedure designed to assess strategy
use by means of a hierarchical Bayesian model-
based mixture analysis. This analysis has several
advantages. First, it easily accommodates nonlin-
ear models, such as the CPT model or HT’s
threshold model. Second, it reflects theoretical
assumptions, not only in the structure of a model,
but also in the prior on its parameters (Lee &
Vanpaemel, 2018), for example, that loss aversion
should exceed one. Third, it models individuals
simultaneously, thereby improving precision of
estimates as compared to the analysis of individual
data (Lee, 2011; Nilsson et al., 201 1; Steingroever
et al.,, 2018). Fourth, it allows for individual
differences in strategy use (Lodewyckx et al.,
2011) and for individual differences in strategy
parameters (Lee, 2011). Finally and relatedly, it
offers a reliable way to assign individuals to
strategies by means of the posterior odds.

Several concerns may be raised with respect to
the task used in the present study. First, it might be
argued that the task, in which participants had to
make repeated choices, may have induced heuris-
tic lexicographic decision strategies which may
not be present in real life, where single choices
have to be made. Note however that in many
nonframing studies, participants also have to
make multiple choices, yet do use nonheuristic
decision strategies (e.g., Glockner & Betsch, 2011;
Glockner & Pachur, 2012; Van Duijvenvoorde et
al., 2016). Therefore, we consider it unlikely that
the current finding of lexicographic strategies
solely originates in the fact that people had to
make multiple choices. Second, graphical presen-
tation of gain probability might have enhanced the
saliency of this attribute, which may have induced
the use of the HT strategy, yielding the probability
effect. Moreover, we used framing problems in
which risky options were formulated equivalently
in gain and loss frames (see, e.g., De Martino et al.,
2006; Roiser et al., 2009). This may have triggered
the one attribute HT strategy in which participants
focused on a common attribute, risky gain proba-
bility. This strategy may be argued to be less likely
in formulations in which gain and loss framed
risky options are formulated nonequivalently.
However, several studies presenting probabilities
numerically, and not graphically, also observed
the probability effect, the same applies to a variety
of formulations of the risky option (for a review
Kiihberger et al., 1999). Therefore we consider
these explanations not very likely. Third, after a

numerically presented endowment (e.g., euro 30),
we asked participants to choose between a safe
option and a risky option in which gain and loss
amounts were presented as “keep all or lose all.”
An alternative formulation of the risky option
would be “keep 30 or lose 30.” To our knowledge
no studies exist on whether the first formulation
(also used by e.g., De Martino et al., 2006; Roiser
et al.,, 2009; Sip et al., 2015) results in more
pronounced framing effects than the second for-
mulation. Future studies may test potential differ-
ences between these two formulations. Fourth, we
varied endowment between 7.5 and 90. Higher
endowments may induce a preference for the safe
option in both frames, and thus no framing effect at
all (Wang, 1996, 2002; Wang & Johnson, 2012).
Fifth, we manipulated frame within-subjects as
this offered the possibility to fit formal models.
Within-subjects designs run the risk that some
participants try to match their answers between
frames, resulting in diminished framing effects
(Broniatowski & Reyna, 2018; LeBoeuf &
Shafir, 2003; Stanovich & West, 2008). However,
gain and loss framed items were presented in
separate booklets, therefore we consider it unlikely
that participants matched their responses. More-
over, diminished framing effects may not be that
likely, as a meta-analysis indicated more pro-
nounced framing effects in within- than between-
subjects designs (Kiihberger, 1998).

Several concerns might also be raised regard-
ing the formal CPT modeling. First, although the
CPT probability weighting function was chosen
to be consistent with many CPT modeling studies
(Gonzalez & Wu, 1999; Lattimore et al., 1992),
alternative functional forms also exist (Prelec,
1998; Stott, 2006). It might therefore be argued
that we unnecessarily restricted CPT’s flexibility
to model the data. Note however that our CPT
probability weighting function did contain y and
0 parameters varying between gain and loss
domains. Therefore we are quite confident that
the probability weighting function was flexible
enough. Second, it might be argued that we
should not have included a loss aversion parame-
ter as decision makers might only be loss averse in
items featuring both gains and losses, and not in
items in which, after editing, only losses remain.
Note however that the estimated mean of the
overarching distribution was about two, which
is consistent with previous studies showing over-
weighting of losses, even in the absence of gains
(Baumeister et al., 2001; Verburg et al., 2019;
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Yechiam & Hochman, 2012). Third, it might be
argued that the current CPT results are unreliable,
as the CPT model is well known to yield impre-
cise parameters if fitted to individual data by
means of maximum likelihood (Nilsson et al.,
2011). Note however that we estimated parame-
ters by means of hierarchical Bayesian analysis,
which can include the theoretical assumption that
parameters are normally distributed over indivi-
duals and which can include theoreticallé?/ moti-
vated priors on the overarching mean.'* These
two characteristics have been shown to improve
precision (Lee, 2011; Nilsson et al., 2011;
Steingroever et al., 2018). Moreover, the
observed underweighting of high gain and high
loss amounts is exactly what would be predicted
by CPT’s description of the framing effect
(Tversky & Kahneman, 1981), thereby strength-
ening confidence in the reliability of these
estimates.

A concern might also be raised regarding the
formal modeling of DPT and FTT strategies. To
our knowledge, no formal models have been
described for these strategies. How do we then
know that we formalized these strategies cor-
rectly? We are confident as the formal models
match the conceptual descriptions of DPT strate-
gies (Kahneman & Frederick, 2007) and of FTT
strategies (Reyna, 2012; Reyna & Brainerd,
2011; Reyna & Ellis, 1994; Reyna et al., 2011,
2014; Rivers et al., 2008). Self-evidently, the
current findings may inspire different explica-
tions of these strategies in future modeling stud-
ies. Relatedly, the present study does not speak to
the adequacy of other specifications of FTT and
accompanying formal models (Broniatowski &
Reyna, 2018; Reyna & Brainerd, 2011).

An HT modeling concern might be that we
cannot be sure that gain probability was the first
attribute considered by lexicographic decision ma-
kers: why not gain or loss amounts? We argue
however that it is gain probability, as the design
unconfounded gain probability differences on the
one hand and gain amount and loss amount differ-
ences on the other (Table 2). Another HT modeling
concern may be that instead of gist, gain amounts
should have served as second attribute. If this
would be true, HT predicted framing effects would
decrease if the difference between sure and risky
gains amounts decreases (i.e., if risky gain proba-
bilities increase). As we observed framing effects
increasing, instead of decreasing, with risky gain
probabilities, we deem this to be unlikely.

In our modeling, we assigned each individual
to its most likely strategy, we thus assumed that
behavior of each individual is governed by one
strategy. An alternative assumption might be that
two or more strategies operate in parallel, each
with a different weight. It remains to be tested
which of these two assumptions is the most likely.

Finally, note that we adopted priors imple-
menting overarching truncated normal distribu-
tions on the individual strategy parameters. This
may have forced posterior distributions to be too
normally distributed when strategy groups con-
sisted of distinct subgroups characterized by
distinct strategy parameters. As a hypothetical
example, if some people using a CPT strategy are
characterized by no loss aversion and others by
pronounced loss aversion, truncated normal
priors may have forced a bimodal distribution
to become unimodal. To assess robustness of
results to potential inadequacy of truncated nor-
mal distributions, we also used another approach,
in which we first determined “choice subgroups”
characterized by homogeneous choice patterns
and then performed the hierarchical Bayesian
model-based mixture analysis on each choice
subgroup separately. Results, reported in the
online Supplemental Materials 5 Table S2, are
largely consistent with those reported here:
Summed over choice subgroups, 30% of the
decision makers were assigned to CPT, 4% to
FTT gist/DPT intuitive, none to FTT limited
quantitative, 4% to FTT quantitative/DPT delib-
erate, and 62% to HT. Of note, the results of these
choice subgroup analyses indicate there exist
choice subgroup differences in strategy parame-
ters (see Supplemental Table S3, compare e.g.,
the CPT parameters of the “NF1” and “NF2”
choice subgroups).

In future studies, the hierarchical Bayesian
model-based mixture analysis may include dis-
tinct subgroups for each strategy, with their own
distinct set of priors. To facilitate this, we report
credibility intervals in the Supplemental Table S5
for all choice subgroups. In this manner, priors on
subgroups within strategy groups are informed by
previous research (Lee & Vanpaemel, 2018). An
alternative way to assess subgroups within strat-
egy groups is to adopt an exploratory approach

!4 Note that we used parameter ranges consistent with
CPT’s theoretical assumptions. If parameter ranges would
be extended, CPT may also describe heuristics (Pachur et al.,
2017).
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and identify subgroups by implementing arbi-
trary order constraints (see, e.g., Villarreal et
al., 2019, for such an approach). As ahypothetical
example, one may implement that the CPT strat-
egy group consists of two subgroups, A and B,
where loss aversion is higher in subgroup A than
B, and subsequently test whether a model with
these two CPT subgroups provides a better fit than
a model with only one CPT subgroup.

Another potential extension in future studies is
to analyze postdecisional confidence. Framing
studies typically only assess choice, to our knowl-
edge, two studies assessed postdecisional confi-
dence (Reyna et al., 2014; Reyna et al., 2018).
Previous studies in other contexts showed that
postdecision confidence is higher after noncom-
pensatory than after compensatory decisions
(Dhami & Ayton, 2001; Zakay, 1985). In a future
framing study, it thus may be determined whether
those assigned to noncompensatory strategies,
that is the DPT intuitive, FTT gist based or the
HT strategy, are characterized by higher postde-
cisional confidence that those assigned to com-
pensatory strategies, that is the CPT strategy, the
DPT deliberate, or the FTT quantitative strategy.
In doing so, care should be taken to take into
account a wide variety of biases in postdecisional
confidence (Navajas et al., 2016; Zakay, 2020),
which may also change with development (Jepma
et al., 2020).

General Conclusion and Discussion

We argued that theoretical debate on the origin
of the framing effect can be solved by determin-
ing which theory best describes differential fram-
ing effects. More specifically, a theory should
describe task-related differences, that is, describe
the truncation and the probability effect, describe
individual differences, and describe a develop-
mental increase in the framing effect. We there-
fore compared four theories on their capacity to
describe these differential effects; we included
CPT (Kahneman & Tversky, 1979; Tversky &
Kahneman, 1992), FTT (Reyna & Brainerd,
2011; Reyna & Ellis, 1994; Reyna et al,
2011), dual processing theory (Kahneman &
Frederick, 2007), and HT incorporating elements
from lexicographic theory and FTTs proposition
that the framing effect originates in gist differ-
ences (Reyna & Ellis, 1994), see also (Brainerd &
Reyna, 2015; Reyna et al., 2011, 2018; Reyna et
al., 2015).

Comparisons between theories were made at
three levels. First, we analyzed whether theories
could describe differential framing effects. Sec-
ond, we reviewed whether empirical evidence
actually supported these theoretical descriptions.
Third, we showed that a crucial comparison
between theories required an empirical study
adopting a new experimental and analytical
approach. In the following paragraphs, we first
integrate the theoretical analysis, empirical
review, and current empirical results. This inte-
gration suggests several lines of future research,
which are outlined briefly. We then discuss im-
plications for research into the framing effect, and
for decision making in general.

In the empirical study, 60% of the participants
were best described by HT incorporating ele-
ments from lexicographic theory and FTT.
HT’s description of the framing effect states
that decision makers either base their decisions
on the first attribute, gain probability, or on the
second attribute, FTT’s gist. If decision makers
base their decision on gain probability, they will
not be affected by frame. If they base their deci-
sion on gist, they will be affected by frame. We
evaluated whether this theory could describe the
four differential framing effects. First, the theo-
retical analysis showed that HT can describe the
truncation effect, as truncation removes gist dif-
ferences between sure and risky options (Chick et
al., 2016; Kiihberger & Tanner, 2010; Mandel,
2001; Reyna & Brainerd, 1991; Reyna et al.,
2014). The empirical review also provided sup-
porting evidence for this description. Second, the
theoretical analysis showed that HT can describe
the probability effect, as decision makers only
assess the second attribute, gist, if they consider
differences on the first attribute, gain probability,
to be too small. The empirical review showed that
there are no direct tests of this description. There-
fore, we addressed it in the current empirical
study, resulting in supporting evidence. That is,
the study showed that decision makers considered
gist if gain probability differences were small.
Third, the theoretical analysis showed that HT
could describe individual differences in the fram-
ing effect if some decision makers would always
choose according to the first attribute, gain prob-
ability, whereas others may consider the second
attribute, gist. The empirical review provided
mixed evidence for such a description, but it
was supported in the current empirical study.
That is, 47% always based their decision on
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gain probability and thus were not affected by
frame, and 13% considered gist, and thus were
affected by frame if gain probability differences
were small. In the empirical review, we showed
that these individual differences are not likely to
be related to individual differences in inhibition,
but may be related to individual differences in
using the probability attribute to break the tie
between nearly equivalent options (Leland, 1994;
Shafir et al., 1993; Tversky et al., 1988). To test
this prediction, future studies may repeat the
current empirical study while adding indices of
this tendency to use probability to break the tie.
For example, we argued that using probability to
break the tie may be reflected in OMPFC activa-
tion, as (a) these regions have been shown to be
associated with a decreased framing effect (De
Martino et al., 2006; Roiser et al., 2009) and (b)
these regions have been implicated in coding a
common currency (Levy & Glimcher, 2011;
Sescousse et al., 2013), which may simply be
gain probability. This prediction can be tested in
future studies by assessing whether OMPFC
activation in the framing task scales with gain
probability differences. Fourth, the theoretical
analysis indicated that HT could describe a devel-
opmental increase in the framing effect if there
would exist an age-related decrease in using a
one-attribute strategy, yielding no framing effect,
and an age-related increase in using a two-
attribute strategy, yielding the framing effect.
The empirical review provided some evidence
for such a description. In the current empirical
study, the developmental decrease in the one-
attribute strategy was indeed observed, as well as a
tendency for a developmental increase in the two-
attribute strategy. In the empirical review, we
showed that the developmental decrease in using
one-attribute strategies is most likely to be related
to a developmental increase in inhibition (Best &
Miller, 2010; Chevalier, 2015; Crone, 2009;
Durston et al.,, 2002; Huizinga et al., 2006;
Steinbeis & Crone, 2016). In future studies, this
prediction can be tested by repeating the current
empirical study in a developmental sample while
adding indices of inhibition as a mediator.

In the empirical study, 22% of the participants
were best described by CPT. According to CPT,
people base their decisions on subjective utility,
in which gain and loss amounts and their associ-
ated probabilities are subjectively evaluated. Sub-
jective underweighting of large gain and loss
amounts is then proposed to be the origin of

framing effects (Tversky & Kahneman, 1981).
We evaluated whether CPT could describe dif-
ferential framing effects. First, the theoretical
analysis indicated that CPT cannot describe the
truncation effect, as decision makers themselves
already omit frame-inconsistent information.
Second, the theoretical analysis indicated that
CPT cannot describe the probability effect
(Kiihberger et al., 1999), as CPT’s often cited
parameters only predict a framing effect decreas-
ing, and not increasing, with risky gain probabili-
ties. In the empirical study, some CPT modeled
choice patterns were indeed characterized by
framing effects decreasing with risky gain prob-
abilities, however others by framing effects
increasing with risky gain probabilities. Third,
the theoretical analysis showed that CPT could
describe individual differences in the framing
effect if there would exist individual differences
in underweighting of large gain and loss amounts.
Since the empirical review indicated that no
studies directly tested this relationship, the review
focused on the relationship between the framing
effect and broad indices of objectivity/subjectiv-
ity. The evidence for such a relationship proved to
be inconclusive (Chandler et al., 2009; Corbin et
al., 2010; De Martino et al., 2006; Fagley &
Miller, 1987; Kahneman & Frederick, 2007,
Kam & Simas, 2010; Roiser et al., 2009;
Shiloh et al., 2002; Simon et al., 2004; Smith
& Levin, 1996; Zickar & Highhouse, 1998). The
current empirical study was the first to fit the CPT
model to framing data, and thus offered the
possibility to directly test this CPT description
of individual differences. The results of this study
show that CPT decision makers were all charac-
terized by underweighting of large gain and loss
amounts, however the modeled choice patterns
showed either no, regular or reversed framing
effects. Therefore, we conclude that CPT’s
description of individual differences is not con-
vincingly supported by the current empirical
study. Fourth, the theoretical analysis showed
that CPT could describe a developmental increase
in the framing effect if there would be a develop-
mental increase in underweighting of large gain
and loss amounts. As there were no empirical
studies on developmental differences in amount
weighting, the empirical review focused on devel-
opmental increases in broad indices of subjectivity.
This review provided inconclusive evidence.
(De Neys & Vanderputte, 2011; Furlan et al.,
2013; Jacobs & Potenza, 1991; Kokis et al., 2002;



This document is copyrighted by the American Psychological Association or one of its allied publishers.

Content may be shared at no cost, but any requests to reuse this content in part or whole must go through the American Psychological Association.

FORMAL MODELS OF DIFFERENTIAL FRAMING EFFECTS 27

Morsanyi & Handley, 2008; Stanovich et al., 2008).
The current empirical study indicated no develop-
mental effects on the underweighting of large
gain and loss amounts. We therefore conclude
that CPT’s description of a developmental increase
in the framing effect is not supported.

In the empirical study, 18% of the participants
were assigned to the FTTs gist and quantitative
strategies, matching the intuitive or deliberate
strategies of DPT. Our theoretical analysis and
empirical review indicated that FTT can describe
and even predicts the truncation effect and devel-
opmental differences, whereas DPT cannot, we
therefore deem the former theory to be more
likely. We evaluated whether FTT could describe
the four differential framing effects. The theoret-
ical analysis showed that FTT describes and even
predicts the truncation effect, which was sup-
ported by the empirical review. The analysis
also showed that FTT cannot describe the proba-
bility effect. The analysis showed that FTT can
describe individual differences if some would
adopt the gist-based and some the quantitative
strategy. The empirical review showed no con-
clusive evidence on this matter, yet the empirical
results did indicate that 9% used the former, and
9% the latter strategy. Finally, the theoretical
analysis indicated that FTT describes and even
predicts a developmental increase in the framing
effect, if there would exist an age-related increase
in reliance on the gist-based strategy and an age-
related decrease in reliance on the quantitative
strategy. The empirical review showed no con-
clusive evidence on these developmental trends.
However, in the empirical study, we found evi-
dence for the former, but not for the latter, effect.

The current findings have several implications
for research into the framing effect. First, to our
surprise, CPT, FTT, DPT, and HT formal models
have never been fitted to framing data. The
current empirical study highlights the benefits
of such a formal modeling approach, as it (a)
requires explicit specification of conceptual as-
sumptions and (b) offers the opportunity to
directly pit theories against each other. The meth-
odology, which will be made freely available on
Open Science Framework (H.M. Huizenga et al.,
2022), may be used to reanalyze existing, or
analyze future, data sets, to test which theory
provides the best description of differential fram-
ing effects.

Second, the present study indicates that the
assumption of homogeneous strategy use always

needs to be tested (Bouwmeester et al., 2004;
Dauvier et al., 2012; Huizenga et al., 2007;
Van Der Maas & Straatemeier, 2008). If this
assumption is not satisfied, averaging data from
individuals using different strategies may give
rise to erroneous conclusions (see also Scarpa
et al., 2009).

Third, to obtain a robust framing effect, we
suggest items with high risky gain probabilities,
as this increases the tendency that HT decision
makers consider the second attribute, gist. More-
over, these items should be formulated in the
traditional, and not in the truncated, way. That
is, risky options should provide information on
both risky gains and risky losses, as otherwise
gist differences disappear (Chick et al., 2016;
Kiihberger & Tanner, 2010; Kiihberger et al.,
1999; Mandel, 2001; Reyna et al., 2014). Self-
evidently, these two recommendations apply to
both scientific studies into the framing effect, and
to interventions aimed at promoting sensible deci-
sion making in the domains of health, finance, or
politics (Boettcher, 2004; Brown et al., 2008;
Edwards et al., 2001; Gallagher & Updegraff,
2012; Jefferies-Sewell et al., 2015; Kuehnhanss
et al., 2015; McNeil et al., 2004; Olsen, 1997;
Roszkowski & Snelbecker, 1990; Rothman &
Salovey, 1997; Veldwijk et al., 2016).

Fourth, the present study suggests that the main
reason for an absence of the framing effect is that
decision makers base their decisions on gain
probability, as 47% of the decision makers
used a one-attribute lexicographic strategy. The
absence of a framing effect is thus not likely due
to reliance on objective (CPT), quantitative
(FTT), or deliberate (DPT) strategies. This notion
is supported by two results of the hierarchical
Bayesian model-based mixture analysis. First, in
those assigned to CPT, strategy parameters were
indicative of subjective, and not objective, deci-
sion making. Second, only a few participants
(9%) were assigned to the quantitative (FTT)/
deliberate (DPT) strategy. Therefore, we suggest
to no longer use framing items to assess reliance
on objective, quantitative, or deliberate proces-
sing. Relatedly, the absence of a framing effect in
younger age-groups cannot be taken as support
for reliance on quantitative strategies, as was
proposed by FTT. That is, the main cause of an
absence of a framing effect in children is not that
they rely on a quantitative strategy, but that they
base their decisions on gain probability (see also
Footnote 8).
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Finally and relatedly, we suggest to report not
only the framing effect, that is, the difference in
percentage of risky choices in gain and loss frame,
but also the percentage of risky choices in each
frame separately. This offers the opportunity to
determine whether people use CPT’s objective,
FTT’s quantitative, or DPT’s deliberate strategy,
generating 50% risky choices in both frames, or
simply use a one-attribute HT probability-gist
strategy based on gain probability

Care should be taken not to overgeneralize the
current conclusions. The observation that HT best
modeled behavior of the majority of decision
makers in the present study, does not imply
that HT strategies are also used in other decision
contexts. That is, it has been argued that lexico-
graphic strategies are specifically used in contexts
in which options are nearly equivalent (Leland,
1994; Shafir et al., 1993; Tversky et al., 1988;
Wang, 2008; Wang et al., 2017), as in the current
framing paradigm. In other contexts, other strat-
egies might be more common. Moreover, in
samples consisting of only adults, HT strategies
might be less, and the CPT strategy, more promi-
nent. For example, the present study indicated an
age-related decrease in the one-attribute HT strat-
egy and a weak increase in the CPT strategy (but
on the other hand also a weak increase in the two-
attribute HT strategy). Moreover, the current
findings speak only to differential framing effects
in one experimental paradigm involving eco-
nomic gambles. Future studies are required to
test whether the current results replicate in other
paradigms, more specifically, to test whether the
same theories are favored, or that others provide a
better fit. For example, as framing effects may
differ between paradigms pertaining to saving
money or to saving lives, and even between
saving strangers or to saving kin (Wang, 2002;
Zheng et al., 2010), it remains to be tested whether
current results replicate in such paradigms. Self-
evidently, problems then should be developmen-
tally appropriate, for example, they should not
concern saving lives but rather inviting friends to
a party.

Note that we included four theories previ-
ously mentioned both in the decision making
and in the developmental literature. The cur-
rent conclusions thus only pertain to these four
theories, future work may include other theo-
ries proposed in the decision making but not in
the developmental field, or vice versa. With
respect to the former, it is interesting to zoom

in on decision-making theories specifically
proposed for the framing effect, for example,
the lexical ambiguity hypothesis (Mandel,
2014; Teigen & Nikolaisen, 2009), informa-
tion leakage theory (Kiihberger & Gradl, 2013;
Kiihberger & Tanner, 2010; Sher & McKenzie,
2006), and the explicated valence account
(Tombu & Mandel, 2015). In pitting theories
against each other by means of formal model
comparison, it is important to include addi-
tional experimental manipulations that distin-
guish between all theories, as outlined next.

First, the lexical ambiguity hypothesis
(Mandel, 2014; Teigen & Nikolaisen, 2009)
states that the sure option may be interpreted
either as an exact number or as a lower bound.
To get back to our example in the introduction, in
the gain frame keeping 2 may be interpreted as
keeping exactly 2, and in the loss frame losing 8
may be interpreted as losing exactly 8 dollars.
This then should lead to no framing effect in
rational decision makers, that is, in those adopting
an objective CPT, a rational DPT, or a quantita-
tive CPT strategy (cf. Figure 2). However, the
sure option can also be interpreted as at least
keeping 2 in the gain frame and at least losing
8 dollars in the loss frame, which then should lead
to a framing effect in aforementioned rational
decision makers. As the current experimental
paradigm was not setup to check which of the
two interpretations was adopted, we refer the
reader to studies that included experimental ma-
nipulations to test this explanation of differential
framing effects. For example, one study showed
that manipulating the wording of the sure option
as “exactly” versus “at least” decreased and
increased framing effects respectively, thus pro-
viding evidence for the lexical ambiguity hypoth-
esis (Mandel, 2014). However, another study
showed that even if the sure option was stated
unambiguously, framing effects still occurred
(Chick et al., 2016). For a more elaborate discus-
sion, see (Fisher, 2022; Fisher & Mandel, 2021;
Reyna et al., 2021).

Second, information leakage theory, proposed
for attribute framing (Sher & McKenzie, 2006),
and extended to risky choice framing (Kiihberger
& Gradl, 2013; Kiihberger & Tanner, 2010),
states that decision makers infer that the sure
option provides an increase to the endowment
in the gain frame and a decrease to it in the loss
frame; therefore they choose the sure and risky
option respectively. This strategy would in the
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current task yield the same formal model and
descriptions as DPT’s intuitive strategy (see
Figure 2; only focus on gain and loss wording
of the sure option).'” The current result that the
intuitive strategy was the best fitting model for
only 9% of the participants may at first sight be
taken as evidence against information leakage
theory. Such a conclusion is however too strong
as different mechanisms may operate in attribute
versus risky choice framing; moreover, the cur-
rent task was not specifically designed to disen-
tangle DPT’s intuitive and the information
leakage strategy.

Third, according to the explicated valence
account (Tombu & Mandel, 2015), decision ma-
kers compare the explicated valence of sure and
risky options. In the current task, this yields the
same formal model and predictions as FTT’s gist-
based strategy, as the explicated valence of sure
and risky options is positive versus mixed posi-
tive and negative in the gain frame, and negative
versus mixed positive and negative in the loss
frame (cf. Figure 2). Again, the current result that
FTT’s gist-based strategy was only the best fitting
model for 9% of the sample may be taken against
the explicated valence account. But note that the
current task was not designed to disentangle the
explicated valence account and FTT’s gist-based
strategy. We refer to Wallin et al. (2016) on how
to do so.

Two broader implications arise from the pres-
ent study. First, the study highlights that individ-
ual differences in decision making may not only
be quantitative, but also qualitative, in nature.
Thatis, individual differences are not only always
due to variations in for example, CPT’s amount
weighting, but also due to the use of qualitatively
different decision strategies. For example, even in
adults, both one- and two-attribute lexicographic
strategies were observed in addition to the CPT
strategy (about a half decided according to HT
and a half according to CPT). The notion of
qualitative individual differences in decision
making is common in the behavioral decision-
making literature (Broder & Schiffer, 2006;
Fischbacher et al., 2013; Heck & Erdfelder,
2017; Lagarde, 2013; Luce, 1978; Payne et al.,
1988; Rieskamp, 2008; Tversky et al., 1988), yet
has received less attention in the neuro-imaging
literature, with a few exceptions (Gluth et al.,
2014; Hunt et al., 2012; Rao et al., 2011; Van
Duijvenvoorde et al., 2016; Venkatraman et al.,
2009; Zadelaar et al., 2019). Therefore, it is still

largely unknown how various decision strategies
are implemented in the brain (Schonberg et al.,
2011; Vlaev et al., 2011).

Second, and relatedly, developmental differ-
ences in decision making may be qualitative,
instead of quantitative. For example, in the pres-
ent study, there was a developmental shift from a
one-attribute HT strategy to a two-attribute HT
strategy. Qualitative developmental differences
in decision making have received little interest,
the only exceptions being studies inspired by FTT
(Reyna & Brainerd, 2011; Reyna & Ellis, 1994;
Reyna et al., 2011) and a few other studies
(Huizenga et al., 2007; Jansen et al., 2012;
Jepma et al., 2020; Lang & Betsch, 2018; Mata
& Von Helversen, 2011; Pol Van de &
Langeheine, 1990; Steingroever et al., 2019;
Van Duijvenvoorde et al., 2014). Moreover,
neuroimaging studies on qualitative developmen-
tal differences in decision making are lacking
(van den Bos et al., 2018). An increased interest
in qualitative developmental differences in deci-
sion making is pertinent, as it has been shown that
other capacities, like proportional reasoning, tran-
sitive reasoning, categorization, and feedback
learning are all subject to pronounced qualitative
developmental changes (Andersen et al., 2014;
Bouwmeester & Sijtsma, 2007; Bouwmeester
et al., 2004; Jansen & van der Maas, 2002;
Johansen & Palmeri, 2002; Lee & Sarnecka,
2011; Petersetal., 2014; Schmittmann et al., 2012).

To conclude, the present study shows that task-
related, individual, and developmental differ-
ences in the framing effect are best described
by the notion that the majority of decision makers
decides according to HT incorporating elements
from lexicographic theory and FTT’s concept of
gist, whereas a sizable minority decides accord-
ing to CPT and strategies derived from FTT. The
main implications of the present study are three-
fold: (a) careful construction of tasks and formal
modeling of theories offer the possibility for
theoretical arbitration; (b) an absence of the fram-
ing effect is not due to reliance on objective,
quantitative, or deliberate processing; and (c)
individual and developmental differences in

>In a similar vein, query theory (Johnson et al., 2007)
proposes that attributes are considered in a particular order,
where the first attribute influences decisions more than others.
A query theory account of the framing effect (Wall et al.,
2020) states that decision makers first focus on the wording of
sure options, therefore predictions boil down to those of
DPT’s intuitive strategy.



This document is copyrighted by the American Psychological Association or one of its allied publishers.

=
S
g
Q
o)
172}
4
<
Q
Bl
S
<
Q
>
7
A
=

5}
=]
<
o
<
S
<
50
=)
o
<
S
o
&t
=
2
3
=]
)
]
<
=

Content may be shared at no cost, but any requests to reuse this content ir

30 HUIZENGA ET AL.

decision making can be qualitative instead of
quantitative in nature.
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