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seems, at first blush, a strange brew of the remarkably crude and the exquisitely sub-
tle. For example, in studies of (explicit) visual recognition, people can be oblivious to
changes even in gross details of the visual scene (Rensink et al., 1997); while in studies
of (implicit) visual priming, people can be higWy sensitive to subtle unattended fea-
tures of the visual stimulus, sometimes for weeks after a single viewing (Treisman &
DeSchepper, 1996). For this reason, the ramifications of subtle information seeping
unintended through an experimental design are usually difficult to prejudge. In
empirical tests of all kinds-whether of rational actor models or explicitly cognitive
models-the researcher must take pains to ensure that all of the information available
to the subject has been accounted for.

The second class of problems is more specific to the empirical study of normative
models. This research requires, not just accounting for all the information that is
available to the subject, but also for all the information that is relevant to the norma-
tive model. As we will see, the latter accounting is not always easy to make.

Researchers naturally try to circumvent this second problem by examining specially
contrived situations in which the normative analysis seems clear-cut-that is, in which
a favored rational actor model generates clear prescriptions for normative action. One
such area is framing research, an area of central importance in the psychology of judg-
ment and decision-making. Framing researchers study situations in which apparently
equivalent descriptions of choice options-for example, ground beef described as
'75% lean' or '25% fat' (Levin & Gaeth, 1998)-lead to markedly divergent preferences.
Normative predictions here seem particularly stark and compelling, and violations of
these predictions are easy to come by. However, it turns out that, even in the simplified
situations experimenters have specially contrived, the normative model used in their
analysis has been inadequate. Even in this simple case, the experimental situation
makes subtle information available which should matter to the normative analysis, but
which has not been considered in the interpretation of experiments.

The framing literature thus affords a case study in the pitfalls of normative analysis.
We do not think it is an isolated case; indeed, we will argue that closely similar prob-
lems arise in areas outside of the traditional framing literature. Such cases indicate
that, in the interpretation of natural and experimental situations, adequate normative
models are often as elusive as adequate empirical ones. This fact does not invalidate the
empirical study of rational models, but it does higWight a basic background condition
that should inform such studies. Human cognitive goals are complex. Because
the function of rational norms is to guide us through our cognitive environments
towards our cognitive goals, it should not surprise us if the rational norms themselves
ultimately turn out to be similarly complex.

The problems and results described in this chapter illustrate this problem of
normative complexity in a particularly simple empirical setting: framing effects in
judgment and choice.

Framing effects: a brief review

A 'framing effect' is usually said to occur when equivalent descriptions lead to different

decisions. Though this definition will require some amendment in what follows,



FRAMING EFFECTS: A BRIEF REVIEW I 81

de and the exquisitely sub-

, people can be oblivious to

t al., 1997); while in studies

e to subtle unattended fea-

ingle viewing CTreisman &
.ubtle information seeping

y difficult to prejudge. In

dels or explicitly cognitive

f the information available

pirical study of normative

III the information that is

t is relevant to the norma-

'5 easy to make.

em by examining specially

:lear-cut-that is, in which

for normative action. One

in the psychology of judg-

ltions in which apparently

ground beef described as

~dly divergent preferences.
.1pelling, and violations of

hat, even in the simplified

lative model used in their

e experimental situation

~e normative analysis, but

iments.

aIls of normative analysis.

that closely similar prob-

Iture. Such cases indicate

ions, adequate normative
ict does not invalidate the

sic background condition

s are complex. Because

cognitive environments
ational norms themselves

ustrate this problem of

:tting: framing effects in

Icriptions lead to different

dment in what follows,

some examples will suffice to illustrate the sorts of situations that framing researchers

seek to understand:

Example 1: Evaluating a Medical Treatment. Participants are told to imagine that they

have a terrible disease and must decide whether to accept a specific treatment option.

Some participants are told that the treatment has 'a 20% mortality rate within 5 years'

while other participants are told that the treatment has 'an 80% survival rate after

5 years' .The robust experimental finding is that participants are more likely to accept the

treatment option when it is described in the 'survival' frame than when it is described in

the 'mortality' frame (Marteau, 1989; McNeil etal., 1982; Wilson etal., 1987).

Example 2: The Asian Disease Problem (Tversky & Kahneman, 1981). Participants

read the following background blurb:

Imagine that the U.S. is preparing for the outbreak of an unusual Asian disease, which
is expected to kill 600 people. One possible program to combat the disease has been
proposed. Assume that the exact scientific estimate of the consequences of this program
is as follows:

Some of the participants are then presented with the following two options:

A: If this program is adopted, 200 people will be saved.

B: If this program is adopted, there is a one-third probability that 600 people will be saved
and a two-thirds probability that no people will be saved.

The other participants instead read:

c: If this program is adopted, 400 people will die.

D: If this program is adopted, there is a one-third probability that nobody will die and a
two-thirds probability that 600 people will die.

The robust empirical finding is that most participants in the first condition prefer

A to B, while most participants in the second condition prefer D to C.

Note that, in Example 1, the different descriptions of the medical treatment are

logically equivalent, in that the truth of either description necessarily entails the truth

of the other: 20% of patients die within 5 years if and only if 80% of patients survive

after 5 years. Similarly, an inspection of Example 2 will reveal that A is logically equiva-

lent to C, and B is logically equivalent to D (but see Jou et al., 1996; Kiihberger, 1995).

Levin, Schneider, and Gaeth ~1998) taxonomized framing effects into three major

categories. Example 1 above is an instance of what they called attribute framing: the

value a single object (here, a medical treatment) assumes on a single bounded dimension

(here, patient outcome after 5 years) can be described in terms of either of two logi-

callyequivalent proportions (here, '% survival' or '% mortality'). When the frames are

valenced (one good, one bad), the standard finding is a valence-consistent

shift: Preferences and evaluations shift in the direction of increasing valence. Thus

treatment options described in terms of 'survival' rates are rated more highly

than options described in terms of logically equivalent 'mortality' rates, '75% lean'

beef is preferred to '25% fat' beef, etc (Levin & Gaeth, 1988) .

Example 2, the so-called 'Asian Disease Problem' is the most well-known and

widely studied instance of risky choice framing. In framing problems in this category,
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participants face two options rather than only one, and these options are gambles
which can be described in terms of probabilities and proportions of gain or of loss.
Usually, one option is a sure thing (in which an intermediate outcome is specified as
certain, as in A and C above) while the other is a gamble (in which extreme positive
and negative outcomes are both assigned non-zero probabilities, as in Band D
above). The sure thing and the gamble are usually equated in expected value, making
it possible to interpret observed patterns of preference in terms of participants' risk
seeking or risk aversion. If we adopt this rubric of interpretation, participants
encountering the Asian Disease Problem appear to be risk-averse for gains and risk-
seeking for losses, a central tenet of prospect theory (Kahneman & Tversky, 1979).

Attribute and risky choice framing are widely studiedl-the former because of its
simplicity of experimental manipulation and its ubiquity in social settings ( especially
in persuasion situations); the latter because of its usefulness in experimentally testing
classical expected utility theory and other quantitative choice models, including

prospect theory.
Though risky choice framing problems are used in testing empirically oriented

models, their implications for the empirical adequacy of rational actor models have
been a lightning rod for debate. Attribute framing effects are of almost exclusively
normative and practical interest. 'Framing effects: Kahneman (2000, p. xv) has noted,
'are less significant for their contribution to psychology than for their importance in
the real world. ..and for the challenge they raise to the foundations of a rational
model of decision making.'

It is important, then, to be precise about just what challenge framing effects may
raise to rational actor models. According to Tversky and Kahneman (1986, p. 5253),
description invariance-the condition that equivalent descriptions must lead to iden-
tical decisions-forms ' [ a] n essential condition for a theory of choice that claims nor-

mative status. ..so basic that it is tacitly assumed in the characterization of options
rather than explicitly stated as a testable axiom' .Description invariance strikes most
people as a prima facie reasonable normative condition, and for decades it has been
generally accepted as such by psychologists.

However, there is imprecision at the heart of this formulation of the description
invariance principle-equivalent descriptions must lead to identical decisions. What
does it mean for a pair of descriptions to be 'equivalent' ? While the sense of equiva-
lence at issue is often left unspecified, the most common specification is logical equiv-
alence. In this case the principle of description invariance becomes: logically
equivalent descriptions must lead to identical decisions. As a theoretical criterion,
logical equivalence has the virtue of transparency. Logical equivalence is well-defined
(a pair of statements is logically equivalent if the truth of each entails the truth of the
other); and, though disputes of application sometimes arise, they are relatively rare
and, in most cases, easily circumvented.

Levin et al.'s ( 1998) third category, goal framing (Meyerowitz & Chaiken, 1987), figures less

prominently in the literature, and will not be considered here.
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A hole in the normative model: information leakage

Every meaningful statement has infinitely many logically equivalent variants. Imagine

a cup of water on the table before you. The statements 'The cup is 1/4-full' , 'The cup

is 3/4-empty' , 'The cup is 25%-full' , 'The cup is twice as full as a 1/8-full cup' are con-

strained to covary in truth value. Though heterogeneous in style and emphasis, the

statements share a common core of logical content. The normative model which

forms the backdrop for all framing research insists that the decision maker must

respond identically to all of these statements.
However, the decision maker must receive the statement from a speaker of some

kind, and a speaker who wishes to convey this logical content will not select a state-

ment at random. Various factors will influence the speaker's selection, these factors

varying in degree of intentionality and conscious accessibility. In general, the

speaker's selection will vary as a function of the information that is available to the

speaker, as well as the speaker's attitudes about the thing being described. But if the

speaker's choice of frame varies asa function of the speaker's beliefs and attitudes,

then it also potentially conveys information about those beliefs and attitudes. Surely

rational actors would not be expected to artificially ignore such information, should it

prove relevant to the choice at hand.
That is, the normatively relevant equivalence between frames is not logical equiva-

lence, but information equivalence-can any choice-relevant inferences be drawn,

not only from the logical content conveyed, but also from the speaker's choice among

logically equivalent statements? The normative analysis of framing effects cannot

be neatly separated from the phenomena of pragmatics-i.e., the ways in which

speakers typically select utterances and convey meaning in human conversational

environments.
The condition of information equivalence can easily be formalized. For simplicity,

suppose that the speaker is selecting among two frames, , A' and' B' , and that there is

some choice-relevant background condition C with the property that the speaker is
more likely to select' A ' when C holds than when C fails. That is, P(' A 'IC) > P(' A '1

not-C). A simple Bayesian argument establishes that P(CI'A') > P(CI'B'). (There is

; the argument immediately generalizes to

when the speaker says ( A ' than when the speaker says ( B'. If Cis

r

~
& McKenzie, 2006).
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For framing effects to raise normative concerns, they must violate a revised princi-
ple of description invariance, which states that information equivalent descriptions
must lead to identical decisions. The principle that logically equivalent descriptions
must lead to identical decisions has no standing as a normative principle.

The formal argument that establishes the potential information content of a
speaker's choice among IQgically equivalent frames is an elementary one. Considering
the size and significance of the framing literature, this raises a natural question: why
has an inadequate standard of equivalence been used so widely for so long?

There is a misleading argument that logically equivalent utterances should be
treated equivalently in reasoning: if' A ' and' B' are logically equivalent, there is no

inference that can be drawn from knowledge that A that cannot be drawn from
knowledge that B. This observation is correct, because logical implication is transitive-
indeed, it is transitive with respect to forms of intuitive or probabilistic implication,
which themselves may not be strictly transitive. If one knows that A, one knows
necessarily and certainly that B; therefore, whatever can be inferred, logically or intu-
itively, from B can also be inferred from A. So A and B, when logically equivalent,
must support precisely the same set of inferences, and hence, it seems, should have
precisely the same effects on decision.

This normative argument would apply to framing research if it were possible for
experimenters to somehow magically endow their subjects with knowledge that A, or
alternatively with knowledge that B-but this is not possible. In the typical framing
experiment, the participant knows that A, assuming the participant trusts the speaker,
only because the participant knows that the speaker has said' A ' .The speaker said ~ ' is

a fact which is logically equivalent neither to A nor to B. It is certainly not logically
equivalent to The speaker said 'B' .It is true, as the above argument notes, that no
inferences can be drawn from A which cannot be drawn from B. But it is false that no
inferences can be drawn from the fact that the speaker said' A' which cannot be drawn
from the fact that the speaker said' B' .

Because it is not possible to surgically implant statements of interest into partici-
pants' heads, the normative model we apply in experimental situations must account
for the participant's knowledge that the speaker selected this statement and no other.
One possible explanation for the persistence of the inadequate logical equivalence
standard in framing research, then, is that experimenters may have had an idealized
conception of their experimental manipulations, viewing them as implanted bits
of knowledge rather than as a speaker's verbal communication (Hilton, 1995;

Schwarz, 1996).
A different possible explanation for the widespread and longstanding use of a theo-

retically inadequate normative model in framing research is that the model is ade-
quate for all practical purposes. Perhaps, within the linguistic domains studied by
framing researchers, logical equivalence and information equivalence effectively coin-
cide. Presumably some information is leaked in any speaker's selection among logi-
cally equivalent frames-but such information may be irrelevant to the listener's
decision problem, or too minor to explain substantial shifts in preference. On this
view, logical equivalence may not be the appropriate theoretical standard, but it is
nonetheless a safe proxy standard in experimental design.
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The next section will show that this optimistic view is untenable. In one major seg-
ment of the framing literature-attribute framing-there is strong empirical evi-
dence for the systematic leakage of information which (a) is choice-relevant and (b)
qualitatively justifies the sorts of framing effects that are commonly observed empiri-
cally. Whether information leakage is an important normative or explanatory factor
in risky choice framing is less clear-this issue is tentatively explored in a subsequent
section. Finally, the information leakage framework can be extended to psychological
research areas falling outside of the traditional framing literature. The normative
models employed in these areas, too, employ normative standards of equivalence
which fail to take heed of the way information is presented to participants.
Information equivalence is the needed normative standard in these areas as well, and
a re-examination of classical results in the light of information leakage argues for the
moderation of some classical normative verdicts.
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Information leakage in attribute framing

Recall that attribute framing effects involve logically equivalent descriptions of a
single proportion. When one of these descriptions has positive valence ('% survival',
'% lean', '% successes') and the other has negative valence ('% mortality', '% fat',
'% failures'), the standard finding is a valence-consistent shift. Participants rate the
option more highly, and are more likely to select it, when it is framed with the positive

description.
But are logically equivalent descriptions of proportion really information equivalent?

The parable of the half-empty cup ('is the cup half-empty or ha1f-fu11?') suggests oth-
erwise, and experimental studies confirm that logically equivalent attribute frames
leak information that, in typical framing experiments, is choice-relevant.

To understand what information is leaked, we need to step back from valenced
frames, and consider logically equivalent descriptions of proportion more generally.
Consider, for 0 < p < I, domains Din which the proportion of D which is XI is p if and
only if the proportion of D which is X2 is I -p. For example, if D is a sequence of coin
tosses, the proportion of tosses which come up heads (XI) is p if and only if the pro-
portion of tosses which come up tails (X2) is I -p.

Reference Points in Attribute Framing. The reference point hypothesis (McKenzie &
Nelson, 2003; Sher & McKenzie, 2006) concerns situations in which some reference
point level of XI is salient to the speaker. This may be the initial, expected, or standard
value of XI. Thus, in a sequence of coin tosses, a natural reference point value for the
percentage of tosses coming up heads would be 50%. According to the reference point

hypothesis,

(I) Speakers are more likely to describe D in terms of' XI' when XI is above the
reference point.

(2) Listeners are sensitive to this regularity-they are more likely to (implicitly or
explicitly) infer that XI is above, and X2 below, a salient reference point when the
speaker describes D in terms of 'XI '.

For fixed observed frequencies of XI and X2, speakers are more likely to coin 'XI'
descriptions when the XI frequency is above the reference point than when it is below
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the reference point. For example, Sher and McKenzie (2006) had participants roll a
six-sided die six times. For some participants, five sides of the die were black and the
remaining side was white. For other participants, five sides were white and one was
black. Thus, for the first group of participants, the natural reference point for the
number of black outcomes out of six rolls would be five, while for the second group it
would be one. Participants were not informed that the dice were weighted. For some
participants, the die was weighted to fall most often on the minority color side ( e.g.,
white in a die with five black sides). For other participants, the die was weighted to fall
most often on a majority color side (e.g., black in a die with five black sides). After
rolling the die six times, the participants had to describe the outcome. The reference
point hypothesis predicts that, when black comes up between one and five times out
of six, participants should be more likely to describe the outcome in terms of the
'black' proportion when black is the minority color on the die (and hence the black
proportion is at or above reference point) than when black is the majority color on
the die (and hence the black proportion is at or below reference point). This is exactly
what we found. For example, when black came up three times and white came up
three times, 83% of participants chose to describe the outcome as 'the die came up
black three out of six times' when black was the minority color on the die, whereas
only 36% did so when black was the majority color. Thus the reference point system-
atically influences the speaker's choice of frame.

Are listeners sensitive to such regularities in speakers' frame selection? In another
series of experiments, Sher and McKenzie (2006) presented participants with two
glasses of water, one full and one empty. Some participants were asked, 'just to get
things started', to pour water from one glass to the other and place 'a half-full cup' in a
square marked on the table. Other participants were asked instead for 'a half-empty
cup: In other experiments, different proportions were used: '1/4-full'/'3/4-empty' and
'3/4-full'/ '1/4-empty'.

Assuming that, for each cup, its initial state gives its reference point level, the ini-
tially empty cup, after pouring, ends up above reference point, and the initially full
cup ends up below reference point. Thus the reference point hypothesis predicts that
the initially full cup should be furnished more often when 'a p-empty cup' is requested
than when 'a ( 1 -p )-full cup' is requested. This was in fact the case, for all proportions
tested. Furthermore, follow-up questionnaires revealed that the purpose of the exper-
iment was opaque to participants-that is, they were not aware that we were testing
their interpretations of proportion frames. Therefore, it is reasonable to suppose that
proportion frames convey reference point information even when participants are
not focused on extracting it.

These studies affirmed and extended results obtained by McKenzie and Nelson
(2003) in paper-and-pencil studies. In these studies, for both cups of water and med-
ical treatments, 'speakers' were more likely to choose an attribute frame ('% empty',
'% mortality') when that attribute was above the reference point level than when it
was below. Furthermore, 'listeners' were able to accurately infer the reference point
from the speaker's choice of frame.

Therefore, a rational listener in a natural conversational environment who is uncer-
tain about typical medical treatment outcomes will assign a higher probability to a
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treatment's mortality rate being atypically high when the medical treatment is
described in terms of its 'mortality rate' than when it is described in terms of the cor-
responding 'survival rate'. In general, the choice of a negatively valenced attribute
frame is in fact evidence that the negative attribute is present to a greater extent than
is typical. In other words, when there is uncertainty about the reference level of a
choice-relevant variable, rational actors will exhibit a valence-consistent shift.

Implicit Recommendations in Attribute Framing. The reference point hypothesis
implies that choice-relevant information is leaked in most attribute framing experi-
ments, and that rational actors participating in such experiments would exhibit a
valence-consistent shift. The empirical evidence summarized above strongly indicates
that the reference point hypothesis is true. But why is iLtrue? That is, why would
speakers tend to describe objects in terms of relatively abundant attributes?

It seems likely that the speaker's choice of frame is a function, more broadly, of psY-

cholinguistic salience, and the reference point hypothesis holds because relative abun-
dance is one determinant of salience: more abundant attributes tend to be more
salient in the speaker's psycholinguistic representations of the thing being described.
But this perspective suggests that the reference point hypothesis may be profitably

generalized. Reverting to the above formal terminology:
(I) A speaker is more likely to describe D in terms of 'XI ' when XI is salient in the

speaker's psycholinguistic representation of D.

(2) Listeners are sensitive to this regularity-they are more likely to (implicitlyor
explicitly) infer that XI is salient in the speaker's representation of D when the
speaker describes D in terms of'XI '.

To be sure, this generalized hypothesis is not an entirely satisfying one, because in
addition to being more general than the reference point hypothesis, it is also vaguer.
What psycholinguistic representations are at issue? What does it mean for an attribute
to be salient in these representations? And what are the determinants of salience?

However, though incomplete as a substantive hypothesis, (1)-(2) provide a valuable
compass for research on information leakage in attribute framing. They set out two
paths that researchers can profitably follow.

First, absent a general theory of psycholinguistic salience, one can still plausibly
identify well-defined variables which are likely, all else being equal, to monotonically
affect salience. Once such a variable V is identified, a corresponding pair of well-
defined information leakage hypotheses is generated:

(I) Speakers are more likely to describe D in terms of 'XI ' when Vassumes a higher

value for XI.

(2) Listeners are sensitive to this regularity-when a speaker describes D in terms of
'XI', they are more likely to (implicitly or explicitly) infer that Vassumes a high
value for XI.

hYRothesis is the special case of (1)-(2) in which the variable V
" one plausible determinant of salience. But many other determi-ltely infer

thing being described, more intrinsically notable, or more
;ign a higher probability
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pragmatically consequential are likely to be more salient in the speaker's psycholin-
guistic representations. For example, a football team with unusually dramatic and
interesting victories and run-of-the-milllosses is, we suspect, more likely to be
described in terms of its win rate than a team with ordinary victories and spectacular
defeats. A range of such variables could be specified and the corresponding informa-
tion leakage hypotheses tested. If there are exceptions to the rule-if some plausible
determinants of salience fail to influence frame selection-these may particularly
reward further investigation. Insofar as the rule holds up well, frame selection
probability in suitably designed experiments could be employed as a measure of
psycholinguistic salience in relevant areas outside of traditional framing research.

A second strategy is to employ strong and clear salience manipulations whose inter-
pretation does not hinge on subtleties of psycholinguistic theory. Sher and McKenzie
(2006) adopted this strategy in an experiment in which participants described the
accomplishments of a research and development (R&D) team in a hypothetical high-
tech firm. This study was the frame selection complement of a specific framing effect
from the literature (Duchon et al., 1989), in which an R&D team was evaluated more
favorably when described in terms of its 'successful' project rate than when described
in terms of its corresponding 'unsuccessful' project rate. In our experiment, partici-
pants first read a background blurb about an R&D team. For half of the participants,
the blurb described an extremely impressive R&D team: the researchers were leaders
in their fields, the team took on very difficult projects, the successes were revolutionary
and the failures valiant, and the team was widely admired in the research community.
The other participants read a blurb describing an utterly incompetent R&D team. The
success/failure rate was the same for both teams, and there was no clear reference
point manipulation (because the impressive team was highly skilled but also took on
highly challenging projects) .Participants then described the team to a hypothetical
supervisor by circling words and filling in blanks. One of the three incomplete sentences
forced participants to describe the team in terms of its 'success' rate or its logically
equivalent 'failure' rate. As predicted, participants were much more likely to describe
the impressive team than the terrible team in terms of its 'success' rate. In this experi-
ment, there were no clear reference points, but various other factors conspired to
make the successes more salient in participants' likely representations of the impres-
sive team. This team's successes were more spectacular, more noted by the R&D com-
munity, and more representative of the team's overall high caliber.

In this way, the speaker's choice of valenced frame conveys a kind of implicit recom-
mendation to the listener. That is, a rational listener can infer, from the speaker's selec-
tion of a positively valenced frame, that the favorable attribute is more likely to be
salient in the speaker's representation of the thing being described-whether because
the favorable attribute is relatively abundant, more representative, or otherwise notable.
Hence attribute frames leak choice-relevant information about attribute salience, and
this information, absorbed by listeners, justifies the ubiquitous valence-consistent shift.

Information leakage in risky choice framing

Information equivalence, rather than logical equivalence, is the needed normative

standard in the analysis both of attribute and of risky choice framing experiments.
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The foregoing evidence suggests that the frames studied in typical attribute framing
experiments are not information equivalent, and that the leaked information is suffi-
cient to justify the qualitative patterns of shifting preferences observed in those stud-
ies. Does information leakage have similarly strong implications for the normative
analysis of risky choice effects? (Readers new to the framing literature may wish to
revisit the description of the Asian Disease Problem-Example 2 above-as it will be
frequently referenced in what follows. )

Risky choice framing experiments present certain challenges to an information
leakage analysis. First, the descriptions communicated to participants have more
moving parts: there are two options rather than just one, and various probabilities
and proportions are framed conjointly. Second, the models (e.g., prospect theory)
which are put forward to explain these effects are also advanced as explanations
for other phenomena. Because of the relative complexity of risky choice framing
problems, information leakage predictions are harder to derive. Because of the logical
relationships of risky choice framing problems to other models and phenomena,
these models and phenomena must ultimately be considered in any serious analysis of
these problems.

However, despite their architectural and theoretical complexity, there is some rea-
son to hope that an information leakage analysis might shed some light on risky
choice framing. After all, every risky choice framing problem can be viewed as a
patchwork of attribute frames (i.e., of proportions and probabilities framed in terms
of gains and losses). More generally, robust implicit recommendations like those con-
sidered above may not be specific to the simple framing situations considered above.

Is there important information leakage in risky choice framing problems? The
short answer is: we do not know. The available evidence is too sparse and fragmentary
to undertake a serious analysis at this point. We could not hope, in particular, to
do justice to the full range of evidence which argues for a prospect-theoretic interpre-
tation of these effects. We were, however, curious to see how far the explanatory
constructs developed for the simple attribute case can be extended to the more com-
plex setting of risky choice framing. The preliminary experiments presented here are
offered, not as conclusive evidence, but in the hopes of stimulating further research in
this direction.

A first question is whether speakers with preferences or persuasive goals can effec-
tively anticipate listeners' likely reactions to the different frames. That is, do speakers
select frames for risky choice problems which make listeners more likely to choose the
speaker's own preferred option? We have conducted a number of unpublished experi-
ments to begin to address this question. In all of them, participants read about the
sure thing and gamble in the Asian Disease Problem, but the options are fully
described rather than selectively framed ( e.g., 'If Program A is adopted, 200 people will
be saved and 400 people will die'). In one experiment, participants were explicitly
assigned a persuasive goal--e.g., some were to persuade a listener to choose the sure
thing-and asked to pick a joint 'saved' or 'die' framing for both programs. Consistent
with an information leakage account, participants indeed were more likely to pick the
'saved' framing when persuading the listener to select the sure thing than when per-
suading the listener to select the gamble. However, this heavy-handed manipulation
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may be too artificial-e,g" speakers may deliberately simulate listener reactions to the
different frames in this contrived experimental setting, but select frames quite differ-
ently in natural conversational environments, We want to understand information
leakage in those environments.

To better simulate a natural conversational environment, participants in another
experiment were not assigned a preference or a persuasive goal. Instead, they read the
fully described options (i.e., not framed) of the Asian Disease Problem, and then indi-
cated which program they preferred and rated their strength of preference. In this
way, we were able to determine participants' personal preferences independent of
framing. The participants were then presented with the following task:

Imagine that your job is to describe the situation, and the programs which have
been proposed, to a committee who will then decide which program, A or B, to
use. Please complete the sentences below as if you were describing the programs
to the committee. Framing a
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Notice that, in contrast with the previous experiment, participants could independ-
ently frame the sure thing and the gamble. Regardless of prior preference (sure thing
versus gamble), participants tended to frame the gamble in the same way ('1/3 proba-
bility that 600 people will be saved and 2/3 probability that 600 people will die').
However, we found a strong effect of prior preference on the framing of the sure
thing. Among those who preferred the sure thing, 81% framed the sure thing in terms
of lives 'saved', whereas, among those who preferred the gamble, only 48% did so.
Furthermore, participants preferring the sure thing were more likely to select the
'saved' label when they rated their preference as stronger. (Those preferring the gam-
ble were equally likely to choose the 'die' label regardless of strength of preference,
indicating a possible ceiling effect for 'die' descriptions.)

This result indicates that, when given full flexibility in framing the two options, the
attribute framing of the sure thing leaks choice-relevant information about the
speaker's preferences. However, one limitation of this result is that participants tended
to give the gamble a mixed framing throughout. To fully understand what informa-
tion is leaked in standard risky choice framing problems-in which the sure thing and

people willand ,
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nulate listener reactions to the

but select frames quite differ-

It to understand information

gamble are jointly framed-it will be important to examine reasonably naturalistic
situations in which participants nonetheless tend to choose a pure joint framing for
both the sure thing and the gamble. This is because the information leaked in joint
framing need not be a simple additive sum of the information leaked in the separate
framing of each option.

Though preliminary, these results suggest that a deeper investigation of information
leakage in risky choice framing may prove fruitful. When assigned an explicit persua-
sive goal, participants select the frame that would be most effective in persuading the
listener. In a less constrained setting, the framing of the sure thing, at least, can leak
choice-relevant information about the speaker's spontaneous preference. Further
work will be needed to fully characterize the information that may be leaked in speakers'
selection of joint frames in natural conversational environments.
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Framing and information equivalence: new directions

Framing experiments are typically designed to scrutinize the coherence of human
beliefs and decisions. However, in the analysis of these experiments, framing
researchers have not sufficiently considered the relation between evidence and belief.
They have generally viewed framing manipulations as implanted bits of knowledge
rather than as informative utterances issued in a communicative situation. A less
idealized conception of the experimental manipulations requires that we adopt a
subtler normative model, subjecting frames to the standard of information equiva-
lence rather than logical equivalence. At least in the case of attribute framing, factor-
ing in the relation between evidence and belief undermines otherwise compelling
conclusions about the coherence of beliefs and preferences. However, this problematic
idealization is not unique to normative models of choice, and its problems are not
unique to the experimental study of traditional framing effects.

Consider, for example, the experimental literature on hypothesis testing. In hypothesis-
testing tasks, participants are commonly asked to test hypotheses of the form, 'If XI,
then Yl,' where variables X and Y each have two levels (XI and X2, Yl and Y2).
A robust finding is that participants consider an Xl&Yl observation to be more
supportive than an X2& Y2 observation, even though both observations support the
hypothesis. In other words, confirming observations that are mentioned in the
hypothesis are deemed more informative than confirming observations that are not
mentioned in the hypothesis (Klayman, 1995; Klayman & Ha, 1987; McKenzie, 2004b;
Nickerson, 1998; Oaksford & Chater, 1994).

This tendency to consider mentioned observations maximally informative can lead
to a framing effect in hypothesis testing. McKenzie and Mikkelsen (2000) had partici-
pants imagirie that they were researchers investigating a possible relation between
genetics and personality type. They were told that everyone has either genotype A or
genotype B, and either personality type X or personality type Y. Some participants
tested the following hypothesis: 'if a person has personality type Y, then he/she has
genotype B' (i.e. 'Y ~ B'). Of the first two people observed, one had genotype A and
personality type X (A&X) and one had genotype B and personality type Y (B&Y).
Both observations support the hypothesis, but when asked which provided stronger
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support, most participants selected the mentioned B&Y observation. Other partici-
pants were asked to test the hypothesis 'If a person has genotype A, then he/she has
personality type X' (i.e., , A -:, X'). Most of these participants selected the mentioned

A&X observation as most supportive.
Note that the two hypotheses are logically equivalent (one is the contrapositive of

the other), and therefore whichever observation supports one hypothesis most
strongly must also support the other hypothesis most strongly. Nonetheless, partici-
pants selected different observations as most supportive depending on which logically
equivalent hypothesis was presented to them. In other words, the framing of the
hypothesis impacts the evaluation of evidence.

But are the logically equivalent framings of the hypothesis information equivalent?
If, when testing XI-:, Yl, participants assume that XI and Yl ( the mentioned events )
are rare relative to X2 and Y2 (the unmentioned events) , then the two logicallyequivalent
framings are not information equivalent. And indeed, there is evidence that people do
phrase conditional hypotheses in terms of rare events (McKenzie et al., 2001).

If mentioned events tend to be rare, then, from a Bayesian perspective, the mentioned
observation would be normatively more informative than the unmentioned observa-
tion. To see this, imagine testing the hypothesis that dwarfism leads to polydactyly
(having more than 10 fingers). Because most people are not dwarfs and most people
do not have more than 10 fingers, it would not be unusual to observe a 10-fingered
non-dwarf regardless of whether dwarfism and polydactyly are related. However,
although observing an ll-fingered dwarf would be unusual even if the two variables
were related, it would be very unusual to observe such a person if there were no relation.
Thus, observing an ll-fingered dwarf provides stronger support for the hypothesis
than observing a 10-fingered non-dwarf, because the former is rare and the latter is
common. (For formal details on why rarity matters, see McKenzie & Amin, 2002;
McKenzie & Mikkelsen, 2000, 2007; McKenzie, 2004a; see also Anderson, 1990;
Oaksford & Chater, 1994.)

In other words, treating mentioned observations as most informative is norma-
tively justifiable because hypotheses tend to be phrased in terms of rare events. This
provides a rational explanation of the fact that 'listeners' consider different data most
supportive when hypotheses are rephrased in logically equivalent ways: the speakers'
phrasing of a conditional hypothesis leaks normatively relevant information about
event rarity.

Furthermore, the framing effect is reduced when it is clear to participants which
events are rare. When this is the case, participants no longer need to rely on how
hypotheses are phrased to infer event rarity. For example, the framing effect was
reduced when. participants were told that few people have a particular personality
type and genotype. The reduction of the framing effect was especially marked when
concrete hypotheses (regarding psychosis and being HIV+) were used, allowing par-
ticipants to tap into real-world knowledge about rarity. Indeed, when participants
were presented with concrete hypotheses and 'reminded' which events were rare,
the framing effect virtually disappeared: participants were likely to select the rare
observation as most informative regardless of whether it was mentioned in the

hypothesis.
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Thus, the application of the information equivalence standard to the normative
analysis of conditional hypothesis testing helps us to understand why framing effects
occur in hypothesis testing-the phrasing of conditional hypotheses leaks norma-
tively relevant information about event rarity-and why they disappear-when event
rarity is known, listeners no longer need to infer event rarity from the phrasing of the

hypothesis.
McKenzie and Mikkelsen (2007) have recently made similar arguments in a discus-

sion of human covariation assessment (for reviews, see Allan, 1993; McKenzie, 1994).
In covariation assessment tasks, participants judge the strength of the relationship
between two variables, each of which assumes values of presence and absence.
Because people tend to give the most weight to joint presence observations, logically
equivalent presentations of data can lead participants to report different judgments of
covariation-a framing effect. However, because the presence of named variables
tends to be rare and their absence common--e.g., there are fewer red things than non-
red things, fewer accountants than non-accountants-joint presence is normatively
more informative than joint absence from a Bayesian point of view. Furthermore, as
with hypothesis testing, framing effects in covariation assessment virtually disappear
when participants know which events are rare and which are common.

The standard normative models of covariation assessment and hypothesis testing
consider only the logical content of a conditional hypothesis or data array. While
these models may be well-suited to an analysis of the manipulation of idealized bits of
knowledge, they are not adequate to an analysis of judgments based on specific utter-
ances received in a complex linguistic environment. For typical abstract covariation
assessment and hypothesis testing scenarios, these utterances often turn out to be
information non-equivalent, leaking information about event rarity which qualita-
tively supports the positive conjunction strategies which are commonly observed.
Determining just how far the information leakage account can go in explaining
detailed results from the covariation assessment and hypothesis testing literatures
would require a fuller treatment than we can provide here. However, in evaluating any
given experiment in those literatures, the question of the existence and significance of
information leakage from data formatting or conditional phrasing should be addressed.

Other ostensibly counter-normative phenomena, in which data or options which
seem logically equivalent are treated non-equivalently, may benefit from a similar
approach. McKenzie et al. (2006) took this approach to default effects in public policy,
in which an alternative, often of considerable practical or moral significance, is more
likely to be selected when it is designated as the default option-i.e., the option that
will take effect barring an explicit decision to the contrary. For example, nations in
which organ donation is the legal default have much higher rates of organ donation
than nations in which citizens have to explicitly declare themselves donors (Johnson &
Goldstein, 2003). Such 'default effects' are theoretically interesting because the
options are the same in either case (e.g., 'Should I be an organ donor or not?'). While
various interpretations of this phenomenon are available, information leakage may be
one significant factor: the default option may serve as a kind of implicit recommenda-
tion from the policy maker to the individual, an implicit endorsement of a course of
action. McKenzie et al. (2006) presented evidence that people draw such inferences
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from the designated default. For example, they found that participants were more
likely to infer that the policy makers probably thought that people ought to be organ
donors when being an organ donor was the default compared to when not being an
organ donor was the default. The authors also found that participants view the
default to either be enrolled or not enrolled in a retirement plan as implicit financial
advice. Because our normative models commonly abstract away from the way in
which information is presented to decision makers-and hence they abstract from
potentially important information that may leak through the speaker's choice of pres-
entation mode-it is plausible that further examples of seemingly counter-normative
behavior shine light on deficiencies, not in our everyday decisions, but in the simple
normative models we use to evaluate them.
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Conclusion

Experimentalists continually worry about information leaks in their research
designs-they need to understand exactly what information is available to the partic-
ipant if they are to understand how the participant makes use of this information.
But experimentalists testing the empirical fit of normative models must worry about
another kind of information leakage-they must specify exactly what subset of the
available information is relevant to the proper normative model of the experimental
situation. We have argued that, in the traditional framing literature, as well as in the
literatures on covariation assessment, hypothesis testing, and default effects,
researchers have employed normative models which are insufficiently sensitive to
subtle information leaked in experimental environments. Some important results
from these areas are qualitatively consistent with the hypothesis that participants are
simply more sensitive to this leaked information than the idealized normative models
which researchers use to evaluate their behavior.

This paper has focused on the complexity of information available even in simple
experimental situations. Another important factor, not considered here, is the com-
plexity of human cognitive goals. For instance, in normative analyses of our epistemic
interactions with the world, consistency is often regarded as an end in itself. Even con-
sistency, however, should ultimately be viewed as a means to a more sophisticated
epistemic end. This is made plain in the so-called 'preface paradox': I reasonably
believe that some of my beliefs are false, even though this belief renders my total class
of beliefs inconsistent. Logical consistency of beliefs is a simple and compelling cogni-
tive norm, highly useful if applied locally and with normal discretion, but it is ulti-
mately too simple. Even if our only cognitive goals are goals of understanding, both
the complexity of goals and the complexity of information situations raise formidable
hurdles to the formulation of prescriptively adequate normative models.

These problems, while formidable, should not deter researchers from critically
examining the rationality of human thought and action. Many phenomena of pressing
social importance seem difficult to understand without some kind of irrationality
assumption, and these phenomena are too significant not to try to understand.
Nonetheless, in attempting to study irrationality phenomena with the aid of simple
normative models in contrived experimental situations, we should proceed with caution.
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Human communicative situations are commonly awash in subtle cues. Despite our
obstinate confusions and our crudeness of understanding, we are often more sensitive

to such subtle information than we realize.
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