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ABSTRACT OF THE DISSERTATION

The Role of Implicit Information in Choice Architecture

by

Lim Man Leong

Doctor of Philosophy in Experimental Psychology

University of California San Diego, 2020

Professor Craig R. M. McKenzie, Chair

Choice architecture, or the design of the context in which people make judgments and
decisions, can influence people’s behaviors in systematic ways. In this dissertation, I focus on
two aspects of choice architecture — framing (which description to use) and defaults (which
option to preselect). Because the options under consideration remain the same regardless of
which frame is used or which option is set as the default, inconsistent responses are commonly
viewed as irrational. This perspective of choice architecture, however, overlooks the subtle
information that choice architects may convey to decision makers through their choice of frame

and default. Building on this information leakage framework, I aim to provide a more



comprehensive understanding of how this implicit social interaction affects judgment and
decision making. Chapter 1 provides a causal link between frames, inferences, and judgments,
and demonstrates that inferences are sufficient to generate attribute framing effects. Chapter 2
examines whether attribute framing is malleable to the informativeness of the choice of frame.
While framing effects remained unaltered when the uninformative frame selection process was
described using hypothetical vignettes, participants ceased to respond systematically to frames
when the incentive structure was manipulated in a two-player repeated game. Finally, Chapter 3
shows that when decision makers can self-select into different default settings, they strategically
exploited the asymmetric signal that their choices convey. Overall, the current dissertation
provides further support for choice architecture as an implicit social interaction, and offers new

insights on factors that moderate the effectiveness of behavioral interventions.
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GENERAL INTRODUCTION

Decades of psychological research have found that people’s judgments and decisions are
influenced in predictable ways by seemingly irrelevant and inconsequential changes to the choice
context (e.g., Gilovich, Griffin, & Kahneman, 2002; Kahneman, 2011). In recent years, the
“nudge” approach has sought to steer these cognitive “biases” toward better outcomes through
choice architecture, or the design of the choice environment (Thaler & Sunstein, 2008). To
qualify as a nudge, the behavioral intervention must preserve the decision maker’s autonomy to
choose and impose no significant changes to the economic incentives. Because nudges are
relatively low-cost and easy to implement, they have become popular behavioral policy tools in
many domains, including retirement savings, energy, and health (e.g., Benartzi et al., 2017).

The current dissertation focuses on two nudges: attribute framing and default options.
Unlike risky choice framing (e.g., “Disease Problem” from Tversky & Kahneman, 1981),
attribute framing effects occur when people respond differently to logically equivalent
descriptions of an object or event (Levin, Schneider, & Gaeth, 1998). For example, ground beef
can be described as either “75% lean” or “25% fat,” but people respond more favorably to the
positive frame than the negative frame (Levin & Gaeth, 1988). In a conceptually similar vein,
default effects occur when people are more likely to choose an option when it is set as the default
(Jachimowicz, Duncan, Weber, & Johnson, 2019). For example, people are more likely to be
organ donors in countries where “organ donor” is the default than countries where “not an organ
donor” is the default (Johnson & Goldstein, 2003; Steffel, Williams, & Tannenbaum, 2019).
Because attribute framing and default options do not alter the menu of options or prevent people
from choosing what they want, people’s inconsistent responses are often interpreted as evidence

for irrationality (e.g., Shafir & LeBoeuf, 2002; Thaler & Sunstein, 2008).



The conventional approach to choice architecture, however, neglects the implicit social
interaction between choice architects, decision makers, and third-party observers (Krijnen,
Tannenbaum, & Fox, 2017; Hilton, 1995; Schwarz, 1994). Crucially, a choice architect’s
decision between different designs — which description to use or which option to preselect — can
convey information such as reference points and personal attitudes (McKenzie, Sher, Leong, &
Miiller-Trede, 2018). That is, the logical equivalence between different choice architectures does
not guarantee information equivalence. If different choice contexts convey different task-relevant
information, then responding differently on the basis of different information is not problematic.

In line with this perspective, the “information leakage” account argues that attribute
framing effects (McKenzie & Nelson, 2003; Sher & McKenzie, 2006) and default effects
(McKenzie, Liersch, & Finkelstein, 2006) occur because different information is tacitly
transmitted from choice architects (e.g., speakers, policymakers) to decision makers (e.g.,
listeners, decision makers). According to this framework, speakers do not choose frames at
random, but are instead guided by background conditions such as reference points. For example,
speakers are more likely to describe a cup at the halt-way mark as “half-empty” (rather than
“half-full”’) when the reference point is high (e.g., a full cup). In turn, listeners are attuned to this
regularity and draw different inferences from frames. For example, listeners are more likely to
infer that a cup was previously full (e.g., a high reference point) when it is described as “half-
empty” (rather than “half-full”’). The reference points that influence speaker frame selection
therefore match the inferences that listeners draw from frames.

Along the same lines, the default-setter’s personal attitudes can be revealed through their
choice of default. For instance, policymakers who personally believe that others ought to be

organ donors are more likely to set “organ donor” as the default than “not an organ donor.” In



turn, decision makers are more likely to infer this implicit recommendation when presented with
the “organ donor” default. Thus, people may stick with default options in part because they
perceive them as recommended courses of action. Rather than exemplifying irrationality,
framing and default effects may instead demonstrate people’s remarkable sensitivity to subtle
cues in the choice environment. A similar informational analysis can also explain other
ostensibly puzzling behaviors such as joint-separate reversals (Sher & McKenzie, 2014) and
rating dominated gambles as more attractive (McKenzie & Sher, 2020).

The main goal of this dissertation is to provide a more comprehensive understanding of
the role that pragmatic and social inferences play in attribute framing and default effects. Across
11 experiments, I examine whether inferences are sufficient to generate attribute framing effects
(Chapter 1), whether attribute framing effects are adaptable to the informativeness of the choice
of frame (Chapter 2), and whether decision makers can exploit the asymmetric signal from
choices under different default settings (Chapter 3). Overall, the results provide additional
support for choice architecture as an implicit social interaction, and suggest that the inferences
people draw drive their judgments and choices.

Chapter 1 fills the gap in the existing literature by examining whether inferences play a
causal role in the generation of attribute framing effects. While past research has demonstrated
that frames influence both reference point inferences and judgments, it has not established a
causal link between these inferences and judgments. To address this, we used a yoked design in
Experiment 1 to decompose the typical attribute framing paradigm: “Modeler” participants saw
one of two frames and provided their inferences regarding the reference point, and “recipient”
participants then received these inferences and evaluated the same fully described (i.e.,

unframed) target. We found that even though recipients were not exposed to different frames, the



different inferences they received were sufficient to reproduce an attribute framing effect. In
Experiment 2, we tested whether experts, who are less likely to draw different inferences from
frames, would show a diminished framing effect. Indeed, we found that participants who were
more knowledgeable about basketball exhibited a reduced framing effect in the basketball
domain, but not the medical domain. Together, these results illustrate the role of inferences in the
generation and attenuation of attribute framing effects.

Chapter 2 extends the information leakage framework by testing whether attribute
framing effects are adaptable to changes to the task environment. While attribute framing effects
reflect behavior well-suited to the typical communicative context, it is less clear whether people
can cease to draw inferences, and exhibit reduced framing effects, when the speaker’s choice of
frame is uninformative. We tested this by employing two different paradigms: the first three
studies used hypothetical vignettes while the final study used a two-player interactive game. In
Study 1, we found that informing participants that the frame was selected randomly by a
computer did not reduce the framing effect. In Studies 2a, and 2b, we introduced a constraint that
manipulated how much choice the speaker had in using a particular frame, and again found that
the framing effect remains unaltered. In Study 3, we used an interactive repeated game, and
manipulated the incentive structure between speaker and listener participants. Contrary to our
previous results, we now found that when their interests were misaligned, speakers no longer
selected frames based on reference points, and listeners no longer responded systematically to
frames. Taken together, our results caution against a simple answer as to whether attribute
framing effects are adaptable and instead suggests that it may depend on how the change to the

task environment is implemented.



Chapter 3 investigates whether decision makers could strategically self-select into
different default settings when given the opportunity. Prior research has shown that choosing the
same option can convey different social meanings depending on whether that option was
obtained by staying with, or switching from, the default (Davidai, Gilovich, & Ross, 2012).
Given these asymmetric signals, we placed participants in the role of decision makers to examine
whether they can exploit this perception. In five experiments using hypothetical scenarios and
incentivized economic games, we found that in the presence of observers, decision makers were
more likely to choose defaults that require switching when sending a positive signal and defaults
that require staying when sending a negative signal. These results suggest that people understand
how their choices under different defaults are construed by others, and have potential

implications for behavioral interventions in the real-world.
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The role of inference in attribute framing effects
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The Role of Inference in Attribute Framing Effects

LIM M. LEONG, ™ (5) CRAIG R. M. MCKENZIE,' SHLOMI SHER? and JOHANNES MOLLER-TREDE' (2
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ABSTRACT

Previous research has shown that aspeaker’s choice between logically equivalent frames is influenced by reference point information, and that
listeners draw accurate inferences based on the frame. Less clear, however, is whether these inferences play a causal role in generating attribute
framing effects. Two experiments are reported, which sug gest that frame-dependent inferences are sufficient to generste attribute framing
effects, and that blocking such inferences may block framing effects. Expeni 1d posed the typical framing design into two parts:
One group of participants saw a target described in one of two attribute frames and reported their estimates (inferences) of the typical attribute
value. These estimates were then given to a second group of yoked participants, who evaluated the target Although this latter group was not
exposed © different attribute frames, they nevertheless exhibited a “framing effect” as a result of receiving sy tematically different inferences.

In contrast, Experiment 2 shows that expents—who are familiar with an atribute’s distribution and are therefore less likely to draw strong

frame-based inf hibit a diminished f

ing effect Together, these findings underscore the role of inferences in the generation

and attenuation of attribute framing effects. Copyright © 2017 John Wiley & Sons, Ltd.

Additional Supporting Information may be found online in the supporting information tab for this article.

KEY WORDS

Framing effects occur when people’s judgments or choices
systematically depend on which logically equivalent descrip-
tion of outcomes or objects is presented to them. The present
article focuses on attribute framing, in which a single attri-
bute of an object is described in one of two ways. One frame
is usually positive and one negative, and a robust finding is
that the object is evaluated more favorably in the positive
frame than the negative fmme (a “valence-consistent shift”
in preference; Levin, Schneider, & Gaeth, 1998). Ground
beef is mted as better tasting and less greasy when described
as “75% lean” rather than “25% fat” (Levin & Gaeth, 1988),
a baskethall player’s performance is rated higher when de-
scribed in terms of the percentage of shots “made” mther
than “missed,” and a medical treatment is more likely to be
recommended when described in terms of “survival” mther
than “mortality” rate (see Table 3 in Levin et al., 1998).
Several competing explanations for these intriguing ef-
feats have been proposed. Levin and colleagues suggested
an associative account (Levin, 1987: Levin et al., 1998).
Positive frames are assumed to evoke positive associations,
negative frames evoke negative assodations, and these asso-
ciations influence the evaluation of the object. Thus, ground
beef described as “75% lean” is evaluated more favombly be-
cause “lean” evokes positive associations, which in turn
color the perception of the ground beef. A second account,
query theory, posits that frames influence the order in which
people metrieve supporting evidence (Hardisty, Johnson, &
Weber, 2010). According to this account, the imtial query
generates more retrievals, and hence different query orders
result in a different balance of evidence. People evaluating

*Camespondence 10: Lim M. Leong, University of California, San Diego,
La Jolls, CA, USA. Email: Imleong @ucsdedu

Copyright © 2017 John Wily & Sons, Ltd.

framing effect; inference; information leakage: rationality; expertise

ground beef in a “lean” frame, for example, begin by retriev-
ing favorable evidence before considering unfavomble
evidence, and this order results in more favorable evidence
being retrieved ovenall. Both the associative account and
query theory are consistent with the common view of
attribute framing effects as irrational biases, because surface
associations and query order are unrelated to the value of the
evaluated item.

An adlternative, rational account of attribute framing fo-
cuses on the information content of frames (McKenzie &
Nelson, 2003; Sher & McKenzie, 2006, 2008). According
to this “information leakage” account, a speaker’s choice
among logically equivalent frmmes can “leak™ relevant infor-
mation beyond the chosen frame's literal content. For exam-
ple, comparisons to a known reference point (the initial,
typical, or expected level of an attribute) may influence a
speaker’s frame selection. In particular, speakers are more
likely to frame options in terms of attributes that exceed a
salient reference point. In one demonstration, McKenzie
and Nelson (2003) found that “speaker” participants were
more likely to describe a cup with liquid at the halfway mark
as “half empty” rather than “half full” when the cup had
initially been full (and was therefore relatively empty).
“Listener” participants, in turn, consciously or unconsciously
“absorbed” the information leaked by the speaker’s choice of
frame and were more likely to infer that a cup was originally
full (mther than empty) when it was described as “half
empty” (mther than “half full”). That is, listeners” inferred
reference points matched the actual reference points that
guide speakers’ frame selection. Logically equivalent frames
can thus implicitly convey different information. This
speaker-listener fmmework has been used to help explain
behavior in other fmming contexts such as medical treatment
outcomes (McKenzie & Nelson, 2003), time and work on a
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project (Teigen & Karevold, 2005), and ground beef adver-
tisements (Keren, 2007).

In the information leakage fmmework, attribute framing
effets can anse from the different inferences drawn by
listeners exposed to different frames. In particular, high eval-
uations in a positive frame reflect comparisons with an infe-
rior inferred reference point (e.g., ground beef described as
“75% lean” is good because typical ground beef is inferred
to be less lean), whereas low evaluations in a negative frame
reflect comparisons with a superior inferred reference point
(e.g., ground beef described as “25% fat™ is bad because typ-
ical ground beef is inferred to be less fatty). Note that while
the listener’s updated beliefs reflect her or his attunement to
a subtle linguistic cue, this basis for her or his inference need
not be consciously accessible to her or him. Indeed, as Sher
and McKenzie (2006) point out, the inferential processes at
play are likely to be largely implicit: If the non-equivalence
of the information contained in logically equivalent attribute
frames was self-evident, these framing effects would hardly
have been regarded as problematic for rational models of
decision making.

By showing that reference points influence speakers’
frame selection, and that frames influence the inferences
that listeners draw regarding a speaker’s reference point,
previous research offers considerable evidence that is con-
sistent with this account. It has not, however, established a
causal role of inferences in generating attribute framing ef-
fects. In this article, we provide strong evidence for this
missing link between frames, inferences, and evaluations
by demonstmting that reference point inferences are suffi-
cient for genemting attribute framing effects, and that when
inferences are likely weaker or absent, fmming effects are
weaker or absent.

To demonstrate the sufficiency of reference point infer-
ences, Experiment 1 employs a yoking procedure recently
developed by Sher and McKenzie (2014) to examine how
changes in context lead to different beliefs and how these dif-
ferent beliefs subsequently affect evaluations. We used this
procedure to break a standard attribute framing design into
two parts. In the first part, we presented “modeler” partici-
pants with the target attribute in either one of two frames.
They were not asked to form evaluations, however, but to
state inferences about the typical value of the attribute. We
expected that the positive frame would yield lower estimates
of the typical value, in line with findings of McKenzie and
Nelson (2003) and Sher and McKenzie (2006). In the second
part, each modeler participant was individually yoked to a
“recipient” participant who was presented with the modeler’s
inference about the typical attribute value as part of the back-
ground information. The recipients then evaluated the target
attribute which, crucially, was always described by baoth
frames. In other words, the target attribute was not selec-
tively framed for red pients. Information leakage predicts that
these “unframed” recipients should nevertheless exhibit a
framing effect in their evaluations: A positive frame pre-
sented to a modeler should, by way of the modeler's infer-
ence, lead the yoked recipient to provide a more favomble
evaluation. Because recipients are provided with different
(modeler) inferences, but not different attribute frames, such

Copyright © 2017 John Wiley & Sons, Ltd.

an effect would indicate that frame-based inferences are
sufficient to generate an attribute framing effect.

Whereas Experiment 1 asks whether inferences are suffi-
cient to generate attribute framing effects, in Experiment 2,
we examine the converse prediction that blocking inferences
should block framing effects. To this end, we measured par-
ticipants” knowledge in a specific content domain (basket-
ball) and investigated their reactions to atribute frames
both in that domain and in an unrelated domain (medical
treatments). Those who know more about the content domain
should be less influenced by framing in that domain, as their
stronger prior beliefs about the typical attribute valoe limit
the scope of frame-dependent inferences. At the same time,
knowledge in a specific domain should not preclude partici-
pants from being influenced by framing in the unrelated
domain. Together, the experiments indicate that the presence
of frame-based inferences can generate an attribute framing
effect, while their absence can greatly attenuate the effeat.

EXPERIMENT 1

Participants read a framing scenario about recruiting a bas-
kethall player. “Modeler” participants were presented with
the target player’s performance framed as dther shots
“made” or shots “missed” and then reported their estimates
(ie., their inferred “models™) of the typical player’s perfor-
mance. “Recipient” participants then received these reference
point inferences as part of their background information, and
they evaluated the target player desaibed in a neutral
(“unframed”) manner. To establish a baseline for the framing
effect, we also included control conditions, in which partici-
pants simply provided evaluations after receiving one frame.
The study was designed to test two main predictions. First,
we expected that, replicating prior findings (McKenze &
Nelson, 2003; Sher & McKenzie, 2006), different frames
would lead modelers to draw systematically different infer-
ences about typical performance. Second, the critical ques-
tion is then whether the different inferences dmwn from the
different frames are sufficient to reproduce the “framing
effect” among recipients, who all receive the same, neutrally
framed description. Finally, although this experiment was
not specifically tailored to test the mle of knowledge, we
asked participants to report their level of general basketball
knowledge, expecting those with mare knowledge to show
areduced fmming effect.

Method

The participants were 414 University of Califorma, San
Diego, undergmduate students (M, = 20.3, one participant
did not report age:; 68% female) who received partial course
credit. This sample was obtained by collecting data for a
pre-determined period of time (the duration of an academic
quarter). The experiment was part of a larger series of unre-
lated experiments lasting less than an hour. Participants were
run at individual computer stations in groups of up to six.
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Participants were randomly assigned to one of six condi-
tions. In the two Control conditions (Figure 1a), participants
read a scenario involving the performance of a basketball
player (based on Levin et al., 1998). In the “made” frame
condition, participants were asked to

Imagine that you are a recruiter for a college basketball eam.
Your job is to search for promising high school basketball
players and try to recruit them to your college. You are booking
through files for players from local high schook, and you are
especially interested in players who can score many points.

The file you are currently booking at shows a player whose per-
formance is quite unusual. This player made 40% of his shots
last season.

In the “missed” frame condition, the last sentence instead
stated “This player missed 60% of his shots last season.”
Afterward, participants were asked “How valuable do you
think this player would be to your basketball team?” and
answered by adjusting a continuous slider scale with a low
anchor (Not at all valuable) and a high anchor (Extremely
valuable) (Figure 1a). The numerical value corresponding
to a slider position was not visible to participants, but their
responses were recorded from 0 to 10 to two decimal places.

The fourremaining conditions comprised the yoked design.
The two Modeler conditions were exactly the same as the two
Control conditions, except that participants reported an infer-
ence about the typical player’s performance, rather than rating
the target player (Figure 1b). Specifically, modelers in the
“made” frmme condition completed the statement “Typical

high school basketball players on avemge make % of
a. Control Conditions
Frame Condtion
3 >
Torgat ."":m
“mased §0% —
b.Medeler Conditions
Frame Condition
s —
ot T
g “miased 60%" .
c.Recipient Conditions ~ r--=--===------ 2
T peeeececenes
vy
Yowed Modeler Condition
T Eosgont!
e TR
.
Targel "made 40% of Ivs 0% and
Playsy mased 6% of hs shots”

Inference in Attribute Framing Effects

their shots.” Modelers in the “missed” frame condition com-
pleted the same statement except that the word “make” was re-
placed with “miss” Thus, the frame condition determined
whether the estimate was elicited in terms of “make” or
“miss,” and this frame matched the one used to describe the
target player's performance in the scenario. Participants
responded by typing a number ranging from 0 to 100 and were
instructed to make their best guess if they were unsure.

The target player’s performance was described as “quite
unusual™ in the scenario because we wanted to discourage
modelers from simply restating that player’s performance
(made 40% or missed 60%) for their inference. The “quite
unusual™ phrase might also amplify any effect of frame, in
both the Modeler and Control conditions, because it indicates
that a typical player is far from making 40%/missing 60% of
his shots, and the frame is expected to influence the direction
in which the inferred reference point is displaced (e.g., if the
“made” frame suggests above-average performance, the
“quite unusual” phmse would further suggest well-above-
average performance).

The two Recipient conditions were identical to the two
Control conditions except for two differences (Figure Ic).
Each recipient was now provided with a modeler’s estimate
as part of the background information, and this estimate,
along with the target player's performance, was described
in a “double frame.” Specifically, the sentence “Typical high
school basketball players on average make % of their
shots and miss ___ % of their shots™ was inserted into the
background scenario just before the sentence that mentions
the target player’s performance as “quite unusual,” and the
target player’s perfornance was described as “This player
made 40% of his shots and missed 60% of his shots last

Evaluation Guestion

*How valuable do you think this player
weaukd be 1o your bisshalbal leam?”
]

[ .

Interence Question

“Tymcal high school baskelbal players on
average make ____% of thew shots.”

“Typical high scheol baskatbal players on _
oaeage miss % of thew shots.”

Eviluation Cuestion

“How valuable co you think this player
woaks be 1 your baskatbal 1eam?”

-

f t

Figure 1. In the Control conditions (a), participants saw the target player described either in the “made™ or “missed” frame and evaluaked the
player. In the Modeler conditions (b), participants saw the target player described in one of the two frames and made an inference about a typical
player’s performance rather than evaluating the target player. These inferences were then given 1 yoked participants in the Recipient conditions
(c) as pant of their backg round information . For recipients, both the typical and targetplayer’s perfi were now described in double frames
(in the order “made,” then “missed™). Recipient particiy then evaluated the target player in the same way as in the Control conditions
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season.” The blanks were filled in with the yoked modeler’s
estimate. For example, if a modder were in the “made”
frame condition and reported that the typical player makes
25% of his shots, then, for the recipient, the respective blanks
would be filled in with “make 25%" and “miss 75%." The
yoking was implemented such that each modeler’s estimate
was provided to the next recipient who completed the exper-
iment on the same computer. Thus, the source of the infer-
ence (i.e., the fmme condition of the yoked modeler) was
the only difference between the two Recipient conditions.
Recipients were asked to judge how valuable the target
player is by using the same slider scale as in the Control
conditions.

Demographic information was collected at the end of the
experiment. At this stage, participants were also asked “In
general, how knowledgeable are you about basketball?”
and selected one of four answers (Not at all knowledgeable,
Slightly knowledgeable, Somewhat knowledgeable, or Very
knowledgeable).

Results

Figure 2a shows the mean mtings inthe Control conditions by
frame. We obtained a standand valence-consistent shift, with
the target player judged as more valuable when his or her
performance was described in the “made” frame than in
the “missed” frame, Ms = 4.93 and 3.42, (136) = 4.75,
p < .001,d=081.

Next, we analyzed the inferences that modelers drew from
the different frames. Although we attempted to discourage
modelers from restating the target player’s performance by
describing it as “quite unusual,” eight participants neverthe-
less provided that as their estimate of the typical player’s per-
formance. Their data were excluded from the following
analyses because their judgments created an inconsistency
in the background blurbs provided to their yoked recipients
(ie., the msulting blurbs described the target player's
performance as both typical and unusual). Figures 3a and
3b show the distributions and boxplots of the modelers’
estimates of the typical player’s performance in the “made”
and “missed” fmme condition respectively. To facilitate
comparisons between the two frame conditions, we trans-
formed the estimates in the “missed” frmme condition into
estimates of shots made by subtrmacting them from 100. As
predicted by the information leakage account, 55% (38/69)
of the modelers in the “made” frame condition provided an
estimate lower than the target player’s performance of 40%
shots made, compared with only 28% (17/61) of those in
the “missed” condition, (1, N = 130) = 873, p = 003,
@ = 260. The mean estimates also exhibited the predicted
pattern, with a higher mean estimate in the “missed” frame
condiion than in the “made” frame condition, Ms = 49.03 and
4206, 1(128) = 202, p = .46, d = 036.

For the recipient analyses, the data for those yoked to the
eight modelers who were excluded in the previous analyses
were also excluded. We first confirned that recipients were
affected by the modeler estimates they received. Collapsing
across the two modeler conditions, higher estimates of

Copyright © 2017 John Wiley & Sons, Ltd

Meun Rating
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Shots Missed

Yoked Modeler Frame

Figure 2. Mean rating of the target player (a) as a function of frame

in the control conditions and (b) as a function of the frame condition

of the yoked modeler in the recipient conditions. Standard error bars
are shown

typical shooting performance led to lower recipient evalua-
tions of the player, (128) = — 767, p < .001.

Thus frames influenced modeler estimates, and modeler
estimates influenced reapient evaluations. Putting these
two effects together, Figure 2b shows that recipients yoked
to modelers in the “made” condition on average judged the
target player to be more valuable than recipients yoked to
maodelers in the “missed” condition, Ms = 550 and 446,
#(128) = 2.26, p = .025, d = 0.40. Even though the informa-
tion they received was not subjected to the typical attribute
framing manipulation, recipients nevertheless exhibited a
“framing effect.” This novel effect was somewhat smaller
(d = 0.40) than was the standard framing effect observed in
the control conditions (d = 0.81). To mare directly compare
the two effects, we performed a 2 (Condition: control vs. re-
cipient) by 2 (Fmme: made vs. missed) anal ysis of variance.
This analysis revealed a main effect of condition, A1,
264) = 8.42, p = .004, nj = .031, with higher overall ratings
in the recipient conditions. This may in part be due to the use
of a double frame for recipients, which has been found to
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Figure 3. The distribution of modelers’ estimates of the typical player's performance in (a) the shots “made™ frame condition and (b) the shots
“missed” frame condition. The boxplots do not include the eight estimates that are equal to 40

lead to relatively favorable evaluations (Kreiner & Gamliel,
2016). Therr was also a main effect of frame, HI,
264)= 2121, p < .001, 7= .074. Compared with their shots
“missed” frame counterparts, participants gave hi gher ratings
in the “made” frame (control conditions) or when the infer-
ences came from a modeler presented with the “made” frame
(recipient conditions). Importantly, however, the Condi-
tion x Frame interaction was not significant, HI,
264) = .71, p = 402, 5 = .003. That is, the effect resulting
from frame-based inferences is not significantly different
from the effect resulting from the frames themselves.’

We also analyzed whether the participant’s general
baskethall knowledge interacts with their judgments and
inferences. The percentage of patticipants in the overall
sample who self-reported their knowledge as Not at all

'lnchcitq the data from the eight modelers and the recipients yoked to these
madelers in the amalyses do nat qualitatively change any of the resulis except
for one. The difference in the mean estimate of the typical player's perfor-
mance for modelers in the two frame condiions changed from being sigmif-
icant to being marginally significant, M, = 48.10 vs. M, = 4203, ¢
(136) = 1.86, p = 065, d =032

Copysight © 2017 John Wiky & Soms, L.
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knowledgeable, Slightly knowledgeable, Somewhat knowi-
edgeable, and Very knowledgeable are respectively 26%,
41%, 24%, and 9%. A 2 (Fmme: made vs. miss) by 4
(Knowledgeable: not at all vs. slightly vs. somewhat vs.
very) analysis of variance was performed separately for the
control conditions, modeler conditions, and recipient condi-
tions. In each of these analyses, the intemction between
frame and knowledge was not significant (ps > .20).

Discussion

We replicated the typical attribute framing effect in our bas-
ketball scenario: Participants in the two Control conditions
judged the target player as more valuable when his perfor-
mance was described in the “made” frame than in the
“missed” frame. Crucially, participants in the two Recipient
conditions, who all received the same wording, also exhib-
ited the framing effect. The only difference between the
two Recipient conditions was the source of the inferences:
Each recipient saw the inference from a modeler who had
seen the target player described in either the “made” frame
or the “missed” frame. As predicted by information leakage,
modelers who saw the “missed” frame inferred a higher

J. Behav. Dec. Making (2017)
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reference point, or typical perfformance level, than do mod-
elers who saw the “made” frame. Compared with recipients
who were provided with inferences from modelers in the
“missed” frame, recipients provided with inferences from
modelers in the “made” frame evaluated the target player as
more valuable. In sum, the different reference point infer-
ences drawn from the different fmmes were sufficient to
reproduce the attribute framing effect.

Experiment 1 tested for an effect of basketball knowledge
on (basketball) attribute framing, and we did not find evi-
dence for such an effect. However, our ability to detect this
effect, if it does exist, was limited, as only very few of our
participants reported being “Very knowledgeable™ about bas-
ketball (35/398, or 9%). Moreover, the high school context
and the description of the target player's performance as
“quite unusual” may have discouraged knowledgeable
participants from applying their knowledge to our scenario.
These limitations are addressed in our next expenment.

EXPERIMENT 2

While Experiment 1 demonstrated that frmme-based infer-
ences are sufficient for attribute framing effects, the goal of
Experiment 2 was to examine whether these inferences are
necessary for the effect. The prediction is that “tuming off”
frame-based inferences will attenuate or even abolish attri-
bute framing effects. Experiment 1 attempted to address this
question by examining selfreported levels of basketball
knowledge, with the expectation that greater prior knowledge
would limit the scope of frame-based inferences and hence
the size of the framing effect. Though there was no evidence
that knowledge affected inferences or target player evalua-
tions, the categorical self-report measure we employed was
crude, there were very few “Very knowledgeable™ partici-
pants, and, as noted above, the special context and “unusual™
background description may have discoumged those partici-
pants from applying their general knowledge.

iment 2 overcomes these shortcomings to provide a
proper test of a modemting role of expertise in attribute fram-
ing effects. In particular, we recruited participants with var-
ied degrees of basketball knowledge, including a sizeable
subset of highly knowledgeable participants. Furthermare,
we made two contextual changes to our basketball scenario.
First, we adapted the scenario to an NBA context because
we assumed that people generally know more about basket-
ball statistics in that setting. Second, we now described the
target player’s performance in terms of free throw shooting,
because we expected that free throw shooting percentages
would be more leadilg' interpretable to experts than generic
shooting percentages.” Those who are knowledgeable should

*The generic shooting percentage previously used may be difficult %o inter-
pret owing % differences in playing positions e.g., guard vs. center), which
relate 10 how often players attempt shots and the distance they shoat from the
basket Using free throw percentage mitigated these problems because all
players shoot under the same ciraumstances (namely, from the free throw
line). Also note that the her in the sh. ng p 2ge was changed 10
“made 60% " and “missed 4T for the two frames.

Copyright © 2017 John Wiley & Sons, Ltd.

recognize the target player's performance as poor relative to
the actual distribution of free throw performance, while those
who are not knowledgeable may not® We also measured
basketball knowledge via an NBA trivia quiz, which pro-
vided an objective measure of knowledge in place of the
self-report method used in Experiment 1. Finally, partici-
pants were presented with two attribute framing scenarios,
one in which basketball knowledge is relevant and another
in which it is not. This allowed us to test the specificity of
the role of knowledge across different domains.

We expected more knowledgeable particdpants to show
an attenuated framing effect in their domain of expertise.
Those who know mare about basketball should both score
higher on our quiz and have a better idea of what constitutes
a typical free throw shooting percentage. They should then
be less likely to draw different inferences—and by extension
form different evaluations—when performance is desaibed
with different frames. In particular, knowledgeable partici-
pants should recognize the specific free throw percentage
we used to describe the target player as very low for the
NBA, regardless of the frame. Finally, knowledge should
only be associated with a reduced framing effect in the rele-
vant domain (basketball) and not in an irrelevant domain
(medical treatments).

Method

Participants were recruited on Amazon Mechanical Turk in
two batches, with a target sample size of 200 for each. After
excluding 45 participants with missing responses and dupli-
cate IP addresses, we were left with a final sample of 364.
In the first batch (N = 198, Myz = 34.8, one participant did
not report age: 35% female), we specifically targeted those
who are knowledgeable about NBA basketball. In particular,
we requested that “We are looking for NBA fans to read
some short scenarios and answer questions about them. Do
not accept this HIT if you do not watch the NBA or know
about hasketball.” In the second batch (N = 166, M, = 367,
58% female), we removed this request and did not target any
particular population. Recruitment was conducted in this way
to help obtain a larger sample of partia pants know ledgeable
in NBA basketball. Data collection for the second batch
started 2 days after data collection was completed for the first
batch, and those who participated in the first batch were not
allowed to participate in the second batch.

Each participant was presented with two framing scenar-
ios in counterbalanced omder, one about NBA baskethall
and the other about a medical treatment. The frame condi-
tions in the two scenarios were orthogonally manipulated
(ie., participants were randomly assigned to one of the four
combinations of frames across the two scenarios). For the

“In the NBA regular season 2015-2016 (during which Experiment 2 was
run), only six out of 122 players had a fae throw percentage below 60%
(htpJlespn_go.com/nbafkmtigics playerf /stay/fre-throwssor/

freeThrow Rtseasontype/2arderffake). § particip are knowledgeahl
asbout the true underlying distribution of free throw percentage, then they
shoukd mcognize that a free throw percentage of made 60% or mssed 40%

s very poor.
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basketball scenario, participants in the “made” condition
were instructed to
Imagine that you are a scout for an NBA team. Your job is ©
search for promising basketball players and o draft them to your
team. You are looking through the files for potential players in
the upcoming draft, and you are only interested in players who
are good free throw shooters.

The file you are cumently looking at shows a player who, last
season, made 60% of his free throws*

In the “missed” condition, the last sentence instead stated that
the player “missed 40% of his free throws.” Afterward, partici-
pants evaliated how valuable the target player is in the same
way as the Control conditions in Experiment 1. Also note that,
in contrast to Experiment 1, the target player’s performance
was no longer desaribed as “quite unusual” i this scenario.

The medical treatment scenario we used was based on
McKenzie and Nelson (2003). Participants in the “survive”
frame condition were instructed to

Imagine a rare disease that leads to many unpleasant symptoms
and can even cause death. The method by which this disease is
contracted has been studied, but scientists have yet ©o identify
the exact cause. For the past 20 years, the same treatment has
been used in patients with the disease.

A new experimental reatment has been tested, and it has several
advantages and disadvantages. In s of outcome, 85% of
patients undergoing this new treatment survive at least 5 years.

In the “die” frame condition, the last sentence instead
stated “In terms of outcome, 15% of patients undergoing this
new treatment die within 5 years.” Afterward, participants
rated the effectiveness of the new treatment using the same
slider scale as in the basketball scenario except that the low
anchor was changed to Not at all effective and the high
anchor to Extremely effective.

After providing a mating for each of the two framing scenar-
ios, participants answered an NBA trivia quiz with six
multiple<choice questions, three regarding aspects of the league
and three reganding the mukes of the game (see Supporting
Information). To discourage participants from looking up the
answers, they had 10 seconds to respond for each question.

Results and discussion

We fist checked whether our targeted recruitment was
successful in obtaining a larger proportion of participants
knowledgeable about NBA basketball. Figure 4 shows the
percentage of participants who recaved each of the seven
possible scores on our quiz in each recruitment batch. As
expected, patidpants recruited in the first batch scored
higher on the quiz than did those in the second batch,
Ms =391 and 2.72, #362) = 6.37, p < .001, d = 0.67.

“Nate that we T T woukl
throw percentage ding 00 NBA
yet 0 play in the NBA.

luate the target player's free
dards even though that player has
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Figure 4. Percentage of paticipants in the two recruitment batches

who received each of the seven possible quiz scores. The sample

sizes for the first recruitment and second recruitment are 198 and

166, respectively. The question format on the quiz was muliple

choice with four possible answers, and the ex pected number of cor-
rect answers by chance alone is 1.50

Next, we analyzed how basketball knowledge affected
the faming effect in the two scenarios. Starting with the bas-
ketball scenario, we regressed the ratings of how valuable the
target player is on frame and quiz score. Frame was dummy
coded with 0 indicating the “missed” frame and 1 indicating
the “made” frame, and quiz score indicates the number of
correct answers. We predicted that participants with the least
basketball knowledge would rate the target player as more
valuable in the “made” frame than in the “missed” frame,
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and that this framing effect would decrease for participants with
higher quiz scores. Figure Sa shows the fitted regression lines, as
well as mean ratings, as a function of quiz score and frame. For
participants who did not answer any of the quiz questions cor-
rectly, we found a framing effect, byy,. = 227, #(360) =435,
p < .001, and this fmming effect decreased as performance on
the quiz inareased, bpane x gz = —028, £360) = -2.10,
p = 036. That is, the model predicts a difference of 2.27 in rat-
ing between the two frames for partidpants with the least bas-
ketball knowledge, but a difference of only 0.56 for those with
the most knowledge. As predicted by information leakage, the
participants with little basketball knowledge thus exhibited a
sizeable framing effect, and the effect was greatly attenuated
for those participants knowledgeable about basketball *

We analyzed the role of basketball knowledge in the med-
ical treatment scenario in the same way. Our dependent var-
iable was the new treatment’s mted effectiveness, and frame
was dummy coded with 0 indicating the “die” frame and 1
indicating the “survive” frame. We predicted that participants
would mte the treatment as more effective in the “survive”
condition than in the “die” condition, and that this framing
effect would be independent of quiz score. Figure 5b illus-
trates that participants in the “survive” frame consistently
provided higher effectiveness ratings than those in the “die”
frame, regardless of their baskethall knowledge. As pre-
dicted, we found a framing effect for participants who did
not answer any of the quiz questions correctly, byy,. = 2.46,
#(360) = 6.20, p < .001, and the framing effect did not
change depending on the level of basketball knowledge,
brame x quz= —0.01, #360) = —0.11, p = 91. The regression
model thus predicts a difference of 2.46 in mting between the
two frames for participants with the least basketball knowl-
edge, and it predicts a similar difference of 2.38 for those with
the most knowledge. Participants more knowledgeable about
NBA baskethall exhibited a reduced framing effect in the
basketball framing scenario, but an unaltered, sizable framing
effect in the medical treatment framing scenario.® This indi-
cates that it is their basketball expertise, and not something
else about the knowledgeable participants, that attenuates
the faming effect they exhibit in the basketball scenario.

Finally, we note that the attenuation of the framing effect
in the basketball scenario could also be explained “mechanis-
tically™ if participants with more basketball knowledge were
simply extremely consistent in their judgments: If knowledge
constrained the mnge of experts’ judgments, it would also
constrain the range of a potential framing effect, whether or

At the suggestion of a reviewer, we conducted additional, unplanned anal-
yses 10 examine the effect of gender (see Supporting Information for detals).
Male participants in our sample on avemge scomd higher on the haskethall
quiz than did female participants, and when gender and #ts interactions were
added to the regression model, we found a significant thee-way mteraction.
This suggests that the effect of nowledge on the framing eflect differed be-
tween women and men. Addisonal analyses Jed that the predicied pat-
tern was obtuined for women but nat for men, who did nat show a framing
effect mgardless of quiz perfi I dy, these gender effects do
not affect our th ical jon leakage pre-
dicts that, if there are group differences in framing, the group that exhibits
the framing eflect shoukd ako exhibit the frame by knowledge nteraction,
which i what we find.

8See S .
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not this framing effect is caused by inferences. According to
this potential alternative explanation, the responses of partic-
ipants with higher quiz scores should be less variable than the
responses of partia pants with lower quiz scores, which would
lead to heteroskedastic errors in our regression model. We
tested for this possibility by performing a White test but did
not find evidence against the homogeneity of variance, (4,
N=364)= 193, p=_75. Alternative Breusch-Pagan tests that
directly assessed heteroskedasticity due to linear or quadmtic
effects of quiz scores led to the same conclusion (ps > .25).
These results suggest that the reduction in the framing effect
is not merely due to less variability in the responses of the
more knowledgeable participants.” However, an inferential
account naturally explains the full pattern of results.

GENERAL DISCUSSION

In the information leakage framework, attribute framing
effects occur because people dmw systematically different
inferences from different frames. While previous research
has demonstrated that frames influence inferences, the causal
connection between inferences and framing effects has not
been established. In this article, we report two experiments
that provide evidence for such a causal relation by establish-
ing that fmme-dependent inferences are sufficient to produce
an attribute framing effect (Experiment 1), and that expertise,
which presumably renders the inferences unnecessary, re-
duces the effect (Experiment 2). The results of our experi-
ments are not readily explained by an associative account
or query theory. Instead, they implicate inferences in the
generation and attenuation of attribute framing effects.
Experiment 1 showed, using a yoked design, that infer-
ences from frames are sufficient to generate a standard attri-
bute framing effect. Modeler participants presented with a
target player described in the “made” frame, rather than the
“missed” frame, inferred that the typical shooting percentage
was lower. These results replicate and extend previous
findings (e.g., McKenzie & Nelson, 2003; Teigen & Karevold,
2005). Yoked recipient participants then received these infer-
ences as part of their background information, and those
yoked to modelers who saw the “made” frame evaluated the
fully described (i.e., unframed) target player as more valable
than those yoked to modelers who saw the “missed” frame.
Whilke the results of Experiment 1 provide strong support
for aninferential explanation, they are not necessarily inconsis-
tent with an associative account or query theory. For example,
if one makes the ancillary assumption that positive assodations
in the “made” frame lead participants to infer that the typical
performance levels are below those of the “paositively tagged™
target player, then affective associations would be contributing
to the inferences that participants draw. However, because
strong reference point inferences have been demonstrated in
non-evaluative domains (such as rolls of a die or the level of
acup of water; McKenzie & Nelson, 2003; Sher & McKenzie,

7Ako see Supporting Information for 2 table with the means and standard
deviations as a function of frame and quiz score for the haskethall scenario.
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2006), affective associations or query orders are unlikely to be
essential for the pattern of reference point inferences found
here. While contributions from other sources cannot be ruled
out, the most parsimonious explanation of the full body of find-
ings is that listeners are implia dy attuned toregulanties inhow
speakers select frmmes: The reference point affects a speaker’s
choice of frame, and the frame accordingly affects a listener’s
beliefs about the reference point.

These results on the wle of frame-based inferences in
attribute framing complement recent findings on the role of
sample-based inferences from options in joint—separate re-
versals (JSRs). JSRs occur when an option that is superior
on a difficult-to-evaluate attribute receives high ratings when
judged jointly with the altemative option and low ratings
when judged in isolation (Hsee, 1996). In a study resembling
Experiment 1, Sher and McKenzie (2014) presented modeler
participants two options either separately or jointly and then
asked them to estimate the mean and range of the difficult-to-
evaluate attribute. Modelers drew very different inferences
across joint and separate evaluation conditions, and these
different inferences were sufficient to reproduce the JSR in
reapients, all of whom evaluated only a single option. These
results provided support for an “options-as-information”
model, according to which JSRs occur not because of differ-
ent attribute weighting in different “evaluation modes™ (joint
vs. separate) but because of the different inferences that are
drawn from different option samples (Sher & McKenzie,
2014). Sample-based inference likely also contributes to
the asymmetric dominance effect (Prelec, Wemerfelt, &
Zettelmeyer, 1997; Sher, Miiller-Trede, & McKenzie, 2016)
and can lead to intransitive behavior in multi-attribute choice
(Miiller-Trede, Sher, & McKenzie, 2015). When prior
knowledge is limited, people appear to dmw inferences both
from the set of available options and from the way in which
those options are framed. Such inferences can, in turn, gener-
ate both context effects and framing effects.

Information leakage also predicts that framing effects
should be attenuated when frame-based inferences are elimi-
nated. Experiment 2 showed that expertise abated a framing
effect in the relevant content domain (NBA baskethall) but
did not alter a second framing effect in an imelevant content
domain (medical treatments). Decision makers should only
draw frame-based inferences about reference points insofar
as their prior knowledge of the relevant attribute distribution
is limited. Expertise concerning specific attributes reduces
framing effects for those attributes. The results of Experiment
2 cannot be easily explained by the associative account or
query theory, as it is not clear why frame-based associations
orquery orders should depend on basketball know ledge.

We note that while expertise reduced the relevant framing
effect in Experiment 2, other research has found mixed ef-
feats of expertise on judgment and decision making tasks.
Some researchers have argued that experts rely on the same
heuristics and exhibit the same biases as non-experts (e.g.,
Tversky & Kahneman, 1971), while others have found that
relevant knowledge attenuates biases (e.g., Wilson, Houston,
Etling, & Brekke, 1996). Note, however, that from an infor-
mation leakage perspective, the question is not who exhibits
mare or less bias, as both non-experts (who fill in the gaps in

Copysight © 2017 John Wiky & Soms, L.
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their imperfect knowledge via frame-based inferences) and
experts (who, thanks to their prior knowledge, need not rely
as much on frame-based inferences) are behaving reason-
ably. Seemingly more relevant are studies showing that med-
ical students and even physicians are affected by how
treatment outcomes are framed in choice under uncertainty
(e.g.. McNeil, Pauker, Sox, & Tversky, 1982: McNeil,
Pauker, & Tversky, 1988). However, the hypothetical sce-
narios used in these studies provide minimal context, making
it difficult for physicians to apply their domain-specific
knowledge. Furthermore, whenever they lack detailed rele-
vant knowledge about specific attributes within the domain,
experts, like novices, may rely on the provided frame to fill
in the gaps. Domain expertise thus need not attenuate all
framing effects broadly related to that domain. Instead, ex-
pertise should only attenuate framing effects when specific
prior knowledge preempts specific inferences that would
otherwise be drawn from a speaker’s choice of frame.

We further note that, from an information leakage per-
spective, knowledge of an attribute’s distribution should
reduce, but need not completely eliminate, attribute framing
effects. Related work has genealized the information leak-
age framework from signaling a speaker’s reference point
(e.g., whether ground beef is relatively lean) to signaling a
speaker’s attitude toward the object—a type of implicit rec-
ommendation (Sher & McKenzie, 2006). For instance,
speakers were more likely to describe a research and devel-
opment (R&D) team in terms of its “failure” mther than its
“success” mte when the team was obviously inept rather than
stellar. Moreover, listeners are sensitive to this framing when
making decisions about allocating R&D funds. Duchon,
Dunegan, and Barton's (1989) participants allocated fewer
funds to R&D teams described in terms of their number of
unsuccessful projects rather than their number of successful
projects. The notion that frames signal implicit ricommenda-
tions has also been used to explain default effects, because
people expect policy makers to select their favored course
of action as a default (McKenzie, Liersch, & Finkelstein,
2006). Because frames may signal implicit recommendations
in addition to reference points, even experts who are highly
familiar with the distribution of a framed attribute may be
sensitive to a speaker’s choice of frame. Echoing the preced-
ing discussion, this observation supports the general predic-
tion that domain-relevant expertise should often reduce, but
not necessarily eliminate, attribute framing effects.

Framing effects have often been regarded as compelling
evidence for incoherence and irationality in human decision
making. The underdying assumption is that an option or out-
come is the same regardless of how it is described, and thus
decision makers should not make different choices or judg-
ments when different descriptions are used. But subtle
changes in wording and context may provide task-relevant
information, particularly when prior knowledge is limited,
and decision makers have been shown to be sensitive to these
implicit cues (e.g., Hilton, 1995; Payne, Bettman, & John-
son, 1993; Schwarz, 1994). The experiments reported here
suggest that frame-based inferences can account for both
the generation and attenuation of the valence-consistent shift.
These findings, together with recent work on JSRs (Sher &
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McKenzie, 2014) and intransitive choice behavior (Miiller-
Trede et al., 2015), point to an important role for inferences
in context and framing effects.
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Abstract

Prior research has demonstrated that attribute framing effects arise from the different
inferences that listeners draw from the speaker’s choice of frame. While attribute framing is
adaptive in the typical communicative environment in which speakers systematically choose
frames to convey relative abundance, it is less clear whether listeners can appropriately change
their behavior when the choice of frame is uninformative. In our first three studies, we used a
hypothetical vignette that described how the frame was selected. In Study 1, we found that
informing participants that a computer has randomly chosen a frame did not reduce the framing
effect. In Studies 2a and 2b, we added an external constraint that made it harder for the speaker
to use one frame over another. Despite manipulating how much choice the speaker had in using a
particular frame, we again found that the framing effect remains unaltered. In our final study, we
placed speaker and listener participants in a zero-sum repeated communication game and
manipulated the incentive structure. In contrast to our previous results, we found that when their
interests were misaligned, listeners no longer responded systematically to frames. Taken
together, our results suggest that the adaptability of attribute framing depends on how the change
in the task environment is implemented.

Keywords: framing effect, inference, information leakage, adaptability, rationality
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Adaptability of Attribute Framing Effects

Imagine that you and your friend are grocery shopping. Your friend picks up a package of
ground beef and tells you that it is “25% fat.” Given this description, you are likely to judge it as
fattier than other ground beef. Now imagine that your friend had instead described the same
ground beef as “75% lean.” In this case, you are likely to judge it as relatively lean. This
example illustrates an attribute framing effect, in which people respond more favorably when a
characteristic of an object is described in a positive frame than a negative frame (Levin & Gaeth,
1988; Levin, Schneider, & Gaeth, 1998). The traditional view is that framing effects are
irrational because logically equivalent descriptions should not lead to divergent judgments and
decisions (Shafir & LeBoeuf, 2002; Tversky & Kahneman, 1986).

The logical equivalence of frames, however, does not guarantee information equivalence.
One account of attribute framing effects argues that frames can communicate information
beyond their logical content (McKenzie & Nelson, 2003; Sher & McKenzie, 2006). In particular,
a speaker’s choice of frame can leak implicit information such as reference points, and listeners
can absorb this information through the different inferences they draw from frames. For
example, “speaker” participants are more likely to describe a cup with water at the half-way
mark as “half-empty” (rather than “half-full”’) when the cup was previously full (McKenzie &
Nelson, 2003). In turn, “listener” participants are more likely to infer that a cup of water was
previously full when it was described as “half-empty” (rather than “half-full”). If a speaker’s
choice of frame leaks relevant information, then it is not irrational to respond differently to
different frames. Thus, rather than exemplifying a flaw in the cognitive system, attribute framing
effects may reflect people’s remarkable ability to extract information from subtle linguistic

regularities. This information leakage framework helps explain why people respond differently
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even to complementary frames presented immediately one after another (Aczel, Szollosi, &
Bago, 2018), and why robust attribute framing effects are found in a variety of domains (e.g.,
Keren, 2007; Teigen & Karevold, 2005; also see Table 3 in Levin et al., 1998).

The preceding analysis illustrates that attribute framing effects are adaptive — that is, they
reflect behavior well-suited to the typical environment in which speakers systematically select
frames to signal relative abundance (e.g., relatively lean, relatively full). What happens, though,
if frames are selected in a way that renders them uninformative? Will listeners be able to adjust
their behavior appropriately? That is, are listeners’ responses to frames adaptable (McKenzie,
2005)? In the present research, our main question is whether listeners can alter their inferences
from frames, and exhibit reduced attribute framing effects, when the speaker’s choice of frame is
uninformative.

One simple and straightforward way to test this is to explicitly describe how the frame
was chosen. By telling listeners that the speaker chose the frame at random or had no choice but
to use a particular frame, the regularities that warrant frame-based inferences should be severed,
rendering the choice of frame uninformative. Related studies in social cognition that employed
similar manipulations (e.g., Hilton, 1995; Schwarz, 1994; Schwarz, Strack, Hilton, & Naderer,
1991) suggest that people are sensitive to changes to conversational norms and can alter their
judgments appropriately. Thus, if listeners are responsive to descriptions about an uninformative
frame selection process, then they should show attenuated framing effects.

Alternatively, listeners may fail to exhibit reduced framing effects in response to this type
of manipulation. At first glance, this may seem inconsistent with information leakage. However,
we believe this would simply illustrate that listeners are unable to combine their explicit

knowledge about frame selection with the underlying inferential process. This possibility was
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raised by Sher & McKenzie (2006): “There is, perhaps, an analogy with sensitivity to subtle
shifts in facial expression. If Bob knows that the almost imperceptible upward curls at the
corners of Sue’s mouth are due to a congenital nervous disorder, does this knowledge suppress
Bob’s impression, otherwise justified, that Sue is happy?” (p. 489). The inferential process that
give rise to framing effects is likely fast and largely operates at an unconscious level. That is,
listeners may not actively reason about why the speaker’s choice of frame is informative. If
listeners are not consciously aware of how frames leak information in the typical environment,
then it would not be surprising that explicit knowledge about uninformative frames in an atypical
environment would have little effect.

The adaptability of framing effects may thus depend on how the uninformative frame
selection process is implemented. In particular, listeners may be more responsive to
manipulations that tap into their implicit knowledge. To address this possibility, we use a
paradigm adapted from research that examined people’s ability to produce random sequences.
When people are explicitly instructed to generate random sequences, they are poor at doing so
(Nickerson, 2002; Bar-Hillel & Wagenaar, 1991). However, they are more successful at
producing random sequences when placed in a two-person zero-sum repeated game (e.g., a
“matching pennies” game) in which a mixed strategy of random responding is optimal (e.g.,
Rapoport & Budescu, 1992). Adapted to a communication game between speakers and listeners,
the optimal strategy for speakers incentivized not to convey useful information is to select frames
at random. In turn, the listener’s optimal strategy is to ignore the frame and respond at random.
Rather than telling listeners that the speaker’s choice of frame is uninformative, this paradigm

allows listeners to draw on their knowledge about the speaker’s uncooperative communicative
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intentions. By using a variety of different manipulations to render the choice of frame
uninformative, we provide a more comprehensive test of the adaptability of framing effects.

In four studies, we examined the adaptability of attribute framing effects with respect to
how frames are selected. Specifically, we tested whether listeners could alter their inferences and
judgments when the speaker’s choice of frame is rendered uninformative. To that end, we
employed two different types of paradigms: Our first three studies used hypothetical vignettes
that described how the frame was chosen while our last study used a two-player interactive
game. Study 1 and Study 2b were preregistered. We report all relevant measures and exclusions,
and all data, materials, and preregistrations are available at
https://ostf.io/pgxfu/?view only=7a47fbde47t5400f8836df0blae2e8d7.

Study 1

Study 1 employed a straightforward way to test whether people are sensitive to how
frames are chosen: Participants were told that rather than a human speaker, a computer had
randomly selected a frame to use. Because the frame was selected randomly, the choice of frame
does not convey any relevant information. Adapting the basketball scenario from Leong,
McKenzie, Sher, and Miiller-Trede (2017), we manipulated the frame (positive vs. negative) and
the frame selection process (nonrandom vs. random). If listeners are sensitive to how frames are
selected, then they should not show a framing effect when the frame was selected randomly.
Method

Four hundred and thirty-nine UCSD undergraduates (Mage = 21.03; 57% female)
participated for partial course credit and were randomly assigned to one of four conditions.
Participants were asked to imagine being a recruiter for a basketball team. In the “nonrandom”

conditions, they read that a fellow recruiter had decided how to describe the performance of each
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player. Specifically, participants in the “positive frame” condition read: “For each player, a
fellow recruiter has chosen how to phrase the player’s performance — either in terms of ‘% of
shots made’ or ‘% of shots missed.” The file you are currently looking at shows that the player
‘made 40%’ of his shots last season.” In the “negative frame” condition, they instead read that
the player “missed 60%” of his shots. In the “random” conditions, participants read the same
vignette except that “a computer has randomly determined how to phrase the player’s
performance” instead of “a fellow recruiter has chosen how to phrase the player’s performance.”
Afterward, they were asked “How valuable do you think this player would be to your basketball
team?” on a scale from “not at all valuable” (1) to “extremely valuable” (10). Finally,
participants provided basic demographic information.
Results & discussion

Figure 1 shows the mean ratings for each condition. A two-way ANOVA revealed a main
effect of frame, F(1, 435) = 23.68, p <.001, ny*> = .052, no main effect of selection process, F(1,
435)=0.02, p = .88, > < .001, and no frame-by-selection interaction, F(1, 435) = 0.47, p = .50,
Np> = .001. Although participants judged the basketball player as more valuable when his
performance was described in the “made” frame than the “missed” frame, they did so regardless
of whether the frame was selected nonrandomly by a human speaker or randomly by a computer.
This suggests that listeners are unable to incorporate their knowledge about frame selection into

their judgments and simply continued to respond as if the frame was still informative.
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Figure 2.1. Mean ratings of target player as a function of frame and frame selection process.
Study 2a

In the next two studies, we manipulated the informativeness of frames by introducing an
external constraint that made it harder for the speaker to use one frame over another. In Study 2a,
the speaker chose the frame that was made easier to use by the constraint, which reduces the
frame’s informativeness. We manipulated the frame that was used (positive vs. negative) and the
frame selection process (less informative vs. control). If listeners understand that the constraint
reduces the informativeness of the speaker’s choice of frame, then they should show an
attenuated framing effect.
Method

Four hundred and thirty-six UCSD undergraduates (Mage = 19.89; 68% female)
participated for partial course credit and were randomly assigned to one of four conditions.

Participants were asked to imagine that they are grocery shopping with their friend, and that their
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friend “picks up a package of ground beef that happens to have a partially torn label.” They were
shown an accompanying image of what the partially torn label looks like (see Figure 2). In the
control conditions, the tear on the label does not prevent the friend from reading its lean/fat
description. In the “positive frame” condition, the friend describes the ground beef as “85% lean”
while in the “negative frame” condition, the friend describes it as “15% fat.” In the “less
informative” conditions, participants read the same vignette but the accompanying image shows
that the tear precludes the friend from reading one of the two descriptions. Specifically, in the
“positive frame” condition, the “fat” description is missing from the label (Figure 2¢) and the
friend describes the ground beef as “85% lean.” Likewise, in the “negative frame” condition, the
“lean” description is missing (Figure 2d) and the friend describes the ground beef as “15% fat.”
Afterward, participants were asked “Given how your friend described the ground beef, how
lean/fat do you think the ground beef is, relative to other ground beef on the market?” on a scale
from “much leaner than most” (0) to “much fattier than most” (10). Finally, participants provided
basic demographic information.
Results & discussion

Figure 3 shows the mean lean/fat ratings for each condition. A two-way ANOVA
revealed a main effect of frame, F(1, 432) = 16.59, p < .001, np> = .037, no main effect of
selection process, F(1, 432) = 0.07, p = .79, np? < .001, and no frame-by-selection interaction,
F(1,432)=0.64, p = .42, n,*> = .001. While participants judged the ground beef as fattier when it
was described in the “fat” frame than the “lean” frame, they did so regardless of whether a tear
on the label reduces the amount of choice the speaker had in using a particular frame. This
suggests that people are not sensitive to how the informativeness of frames is reduced when the

choice of frame is constrained.
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Figure 2.2. In the control conditions in Study 2a, participants saw label (a) in the positive frame
condition and label (b) in the negative frame condition. In the “less informative” conditions in
both Study 2a and 2b, participants saw label (c) in the positive frame condition and label (d) in
the negative frame condition. In the “more informative” conditions in Study 2b, participants saw
label (d) in the positive frame condition and label (c) in the negative frame condition.
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Figure 2.3. Mean ratings of ground beef as a function of frame and frame selection.
Study 2b

While Study 2a tested whether framing effects would be attenuated when a constraint
reduces the informativeness of the frame, Study 2b examined the opposite: The speaker chooses
the frame that is made harder to use by the constraint, which increases the frame’s
informativeness. Similar to the design of Study 2a, we manipulated the frame that was used
(positive vs. negative) and the frame selection process (less informative vs. more informative). In
the new “more informative” condition, if listeners understand that the constraint increases the
informativeness of the speaker’s choice of frame, then they should show a larger framing effect.
Method

Three hundred and eighty-one UCSD undergraduates (Mage = 20.02, two did not report

age; 73% female) participated for partial course credit and were randomly assigned to one of
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four conditions.! Participants read the same ground beef vignette used in Study 2a, and the “less
informative” conditions were the same as before. In the new “more informative” conditions, the
tear again precluded the friend from reading one of the two descriptions, yet the friend
nevertheless chooses to the use the missing frame. Specifically, in the “positive frame”
condition, the “lean” description is missing from the label (Figure 2d), yet the friend describes
the ground beef as “85% lean.” Likewise, in the “negative frame” condition, the “fat” description
is missing from the label (Figure 2c), yet the friend describes the ground beef as “15% fat.”
Afterward, participants were asked “How healthy do you think this ground beef is?”” on a scale
from “not at all healthy” (1) to “extremely healthy” (10). Note that we also changed how we
asked this question from Study 2a to avoid repeating the framed descriptors (i.e., lean/fat) in the
question. Finally, participants provided basic demographic information.
Results & discussion

Figure 4 shows the mean healthy ratings for each condition. A two-way ANOVA
revealed a main effect of frame, F(1, 377) = 8.01, p = .005, 0> = .021, no main effect of
selection process, F(1,377)=0.18, p = .67, np> < .001, and no frame-by-selection interaction,
F(1,377)=0.08, p = .78, ny> < .001. While we again replicated the basic framing effect, this
effect did not vary depending on the presence of a constraint in frame selection. Replicating and
extending the results of Study 2a, we observed neither a reduced nor enlarged framing effect
when the choice of frame is made, respectively, less and more informative by an external

constraint.

! The target sample size in our preregistration was 400 total participants. Unfortunately, due to a pandemic,
we did not reach our target before the end of the academic term.
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Figure 2.4. Mean ratings of ground beef as a function of frame and frame selection process.

Study 3

The results of our studies so far suggest that attribute framing effects are not adaptable, at
least to manipulations that explicitly describe how the frame was selected. In Study 3, we used a
different paradigm: Rather than telling participants how the frame was selected, we manipulated
whether the speakers’ and listeners’ interests are aligned or misaligned in a communication
game. When their interests are aligned, as in typical communicative contexts, we expect speakers
to choose frames in an informative manner and listeners to respond systematically to frames. In
contrast, when their interests are misaligned, listeners should recognize that speakers would
strive to make their choice of frame uninformative, and listeners should therefore cease to

respond systematically to different frames.
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Furthermore, our design includes a number of additional features that might make
listeners more sensitive to the informativeness of frames. First, listeners interact in real-time in
speaker-listener pairs rather than respond to hypothetical vignettes. We believe that placing
listeners in a real communicative environment would better tap into their intuitions about how
they should react. Second, the interaction is repeated over many trials with feedback after each
trial. This affords listeners the opportunity to learn and to update their beliefs about the structure
of the environment. Third, we use a within-subjects design rather than a between-subjects design.
This makes our manipulation of the incentive structure, and how speakers might change their
frame selection strategy, more salient to listeners. By using a vastly different design than our
previous ones, we provide a broader test of whether framing effects are adaptable.

Method

One hundred and forty-six UCSD undergraduates (Mage = 19.82; 71% females)
participated for partial course credit. In groups of 2, 4, or 6, they were randomly assigned to the
role of “speaker” or “listener” (referred to as “messenger” and “guesser” in the materials), and
each speaker was randomly paired with a listener. These roles and pairings remained the same
throughout the session.

Speakers and listeners played a communication game regarding the relation between two
cups in real-time via a computer interface (see Figure 5). At the beginning of each trial, speakers
were presented with complete information about the fullness/emptiness of a “target cup” and a
“hidden cup.” They are asked to choose which one of two “messages” to send the listener: one
that describes the target cup in the “full” frame or one that describes it in the “empty” frame. The
hidden cup thus serves as a potential reference for framing the target cup. After receiving their

respective speaker’s frame, which was their only information about the cups, listeners were
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asked to complete the statement “The target cup is  than the hidden cup” with either “fuller”
or “emptier.” At the end of each trial, both speakers and listeners were reminded of the message
(frame) and guess (inference), and received feedback as to whether the guess was correct.

Participants first played two guided practice trials to familiarize themselves with their
roles. Afterward, they played the communication game in two blocks with 16 trials each for a
total of 32 trials. The first block constituted the “aligned interests” condition, and the second
block constituted the “misaligned interests” condition. In the aligned interests condition, both
speakers and listeners earned 1 point if the listener guessed correctly. In the misaligned interests
condition, speakers earned 1 point if listeners guessed incorrectly, while listeners earned 1 point
if they guessed correctly. The order of presentation for the trials were fixed (see OSF page for
full materials). For half of the trials, the hidden cup was fuller than the target cup, so the correct
answer was “emptier.” For the remaining half, the hidden cup was emptier than the target cup, so
the correct answer was “fuller.” At the end of each block, participants were asked to explain the
strategy they used in the game and the strategy they think their partner used. Finally, at the end
of both blocks, participants provided basic demographic information.
Results & discussion

We first analyzed the overall performance in the communication game. In the aligned
interests condition, listeners were on average correct 77.6% of the time (12.41 out of 16), with
32.9% (24/73) of them getting perfect scores. In contrast, in the misaligned interests condition,
listeners were on average only correct 54.3% of the time (8.68 out of 16), with none of them
getting a perfect score. The higher performance in the aligned interests condition compared to
the misaligned interests condition was statistically significant, Mairr = 3.73, #(72) = 8.93, p <.001,

95% CI[2.89, 4.56].
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Figure 2.5. Example of one trial in the communication game with the speaker screen (a), the
listener screen (b), and the joint feedback screen (c).
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Next, we examined whether this higher performance reflects how speakers chose frames.
Figure 6a shows the percentage of trials speakers selected the “full” frame as a function of
reference point (whether the hidden cup was fuller or emptier than the target cup) for each
condition. In the aligned interests condition, speakers used the “full” frame 76% of the time
when the reference point was low (hidden cup was emptier) and 27% of the time when it was
high (hidden cup was fuller; p <.001; Fisher’s exact test). In contrast, in the misaligned interests
condition, speakers used the “full” frame 58% of the time when the reference point was low and
60% of the time when it was high (p = 0.44; Fisher’s exact test). Overall, speakers selected
frames consistent with information leakage 75% of the time in the aligned interests condition,
but only 49% of the time in the misaligned interests condition, y’(1, N = 2336) = 163.02, p
<.001. Together, this demonstrates that speakers can transmit implicit information to listeners
when their interests are aligned and, crucially, they can also stop doing so when their interests
are misaligned.

Next, we examined how listeners responded to the speaker’s frame. Figure 6b shows the
percentage of trials listeners guessed “fuller” as a function of frame for each condition. In the
aligned interests condition, listeners guessed that the target cup was “fuller” than the hidden cup
76% of the time when given the “full” frame and 33% of the time when given the “empty” frame
(p <.001; Fisher’s exact test). In contrast, in the misaligned interests condition, listeners guessed
“fuller” 51% of the time when given the “full” frame and 50% of the time when given the
“empty” frame (p = .72; Fisher’s exact test). Overall, listeners responded consistent with
information leakage 71% of the time in the aligned condition, but only 51% of the time in the

misaligned condition, y’(1, N = 2336) = 105.47, p < .001. Mirroring the speaker results, this
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Figure 2.6. The percentage of trials that speakers chose the “full” frame as a function of
reference point in each condition (a), and the percentage of trials that listeners guessed “fuller” as
a function of speaker frame in each condition (b).



demonstrates that listeners can cease to respond systematically to frames when their interests are
misaligned with the speakers’ interests.

Finally, we analyzed the joint responses in speaker-listener pairs. Figure 7a shows how
we classified the four possible combinations of speaker message and listener guess as
“Information Leakage,” “Opposite,” “Wrong Frame,” and “Wrong Inference.” According to
information leakage, speakers tend to use a particular label when that label’s percentage exceeds
a reference point, and listeners draw this corresponding inference from the frame. Thus, we
classified the joint response of the speaker using the “full” (“empty”) frame when the reference
point is low (high) and the listener guessing “fuller” (“emptier”) from the “full” (“empty”) frame
as “Information Leakage.” This joint response, however, is not the only one that results in
listeners making the correct guess. When speakers and listeners both respond opposite of
information leakage (e.g., speaker selecting “full” frame when the reference point is high and
listener guessing “emptier” from the “full” frame), we classified that joint response as
“Opposite.” For “Wrong Frame,” speakers choose frames inconsistent with information leakage
while listeners’ guesses are consistent with information leakage, and for “Wrong Inference,”
speakers choose frames consistent with information leakage while listeners’ guesses are
inconsistent with information leakage. As shown in Figure 7b, the most common joint response
is Information Leakage in the aligned interests condition while all possible joint responses were

more evenly distributed in the misaligned interests condition.? Figures 7¢ and 7d further breaks

2 While both Information Leakage and Opposite are both equally effective ways for speakers and listeners
to coordinate their responses, we observed that they strongly preferred the former. To investigate whether this was
due to how we phrase the inference question, we ran an additional study (N = 98, or 49 speaker-listener pairs) that
reversed how we asked the question. This study is identical to Study 3, except we only ran the aligned interest
condition and listeners were instead asked to complete the statement “The hidden cup is ___ than the target cup.”
When we reversed the inference question, we found that speakers and listeners did not prefer Opposite but were
equally likely to coordinate on Information Leakage and Opposite (40% vs. 40%). When averaged across the two
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down the percentage of trials that fit the four joint response profiles by individual speaker-
listener pairs.

Our results in the aligned interests condition replicate previous findings that the speaker’s
choice of frame can convey reference point information, and that listeners are attuned to this
regularity in drawing different inferences. More importantly, our results in the misaligned
interests condition suggest that this behavior is adaptable: When incentivized not to
communicate useful information, speakers no longer selected frames based on reference points,

and listeners ceased to respond systematically to the frame.

ways of asking the inference question in these studies, speakers and listeners coordinated on Information Leakage
53% of the time and Opposite 26% of the time (and 10% for Wrong Frame and 11% for Wrong Inference).
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Figure 2.7. Our classification of the four possible combinations of speaker message and listener
guess (a). The most common joint response is Information Leakage in the aligned interests
condition while all possible joint responses were more evenly distributed in the misaligned
interests condition (b). The distribution of joint responses for individual speaker-listener pair is
shown for the aligned interests (¢) and misaligned interests conditions (d).
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General Discussion

According to information leakage, attribute framing effects arise from the different
inferences that people draw from frames (Leong et al., 2017; McKenzie & Nelson, 2003; Sher &
McKenzie, 2006). While this behavior is adaptive in the usual environment in which the
speaker’s choice of frame is informative, few studies have examined the adaptability of this
behavior to environments in which the speaker’s choice of frame is uninformative. In the present
article, we report four studies that manipulated the informativeness of frames in two vastly
different paradigms to test whether listeners can flexibly change their behavior.

In the first three studies, we presented participants with hypothetical vignettes that
described the frame selection process. In Study 1, we informed participants that a computer has
randomly selected a frame to use, which should render the choice of frame uninformative, yet we
failed to find a reduced framing effect. In Studies 2a and 2b, we introduced an external constraint
that made it more difficult for the speaker to use one frame over another. However, regardless of
whether the speaker chose the frame that was made easier or more difficult to use by the
constraint, we failed to find a reduced or enhanced framing effect. Finally, in Study 3, we
manipulated the incentive structure of a communication game between speakers and listeners.
Unlike our previous results, we found that when their interests were changed from being aligned
to misaligned, speakers no longer selected frames in an informative manner and, more
importantly, listeners ceased to respond systematically to frames.

Taken together, our results caution against a simple answer as to whether attribute
framing effects are adaptable. Instead, the adaptability of framing effects seems to depend on
how the change in task environment is implemented. When the uninformative frame selection

was explicitly described to them, listeners did not modify their reactions to frames. Yet, when
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speakers are incentivized to be uncooperative in a communication game, listeners appear to
recognize how that affects the informativeness of the speaker’s frame and could respond
appropriately. We suspect that people are unable to consciously combine their explicit
knowledge about frame selection with the implicit inferential process that underly attribute
framing. People are, however, sensitive to how speakers select frames when placed in a game
that taps into their knowledge about coo