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 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 
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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). 
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 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, & 

Müller-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 half-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 
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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 



 

 4 

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. 
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 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. 

  



 

 6 

References 

Benartzi, S., Beshears, J., Milkman, K. L., Sunstein, C. R., Thaler, R. H., Shankar, M., . . . 
 Galing, S. (2017). Should governments invest more in nudging? Psychological Science, 
 28, 1041–1055. 
 
Davidai, S., Gilovich, T., & Ross, L. D. (2012). The meaning of default options for potential 
 organ donors. Proceedings of the National Academy of Sciences, 109, 15201–15205. 
 
Gilovich, T., Griffin, D., & Kahneman, D. (Eds.). (2002). Heuristics and biases: The psychology 
 of intuitive judgment. New York, NY: Cambridge University Press. 
 
Hilton, D. J. (1995). The social context of reasoning: conversational inference and rational 
 judgment. Psychological Bulletin, 118, 248–271. 
 
Jachimowicz, J. M., Duncan, S., Weber, E. U., & Johnson, E. J. (2019). When and why defaults 
 influence decisions: A meta-analysis of default effects. Behavioural Public Policy, 1-28. 
 
Johnson, E. J., & Goldstein, D. (2003). Do defaults save lives? Science, 302, 1338–1339. 
 
Kahneman, D. (2011). Thinking, fast and slow. New York, NY: Farrar, Straus and Giroux. 
 
Krijnen, J. M. T., Tannenbaum, D., & Fox, C. R. (2017). Choice architecture 2.0: Behavioral 
 policy as an implicit social interaction. Behavioral Science & Policy, 3(2), 1–18. 
 
Levin, I. P., & Gaeth, G. J. (1988). How consumers are affected by the framing of attribute  

information before and after consuming the product. Journal of Consumer Research, 15, 
374-378. 
 

Levin, I. P., Schneider, S. L., & Gaeth, G. J. (1998). All frames are not created equal: A typology 
 and critical analysis of framing effects. Organizational Behavior and Human Decision 
 Processes, 76, 149–188. 
 
McKenzie, C. R. M., Liersch, M. K., & Finkelstein, S. R. (2006). Recommendations implicit in 
 policy defaults. Psychological Science, 17, 414–420. 
 
McKenzie, C. R. M., & Nelson, J. D. (2003). What a speaker’s choice of frame reveals: 
 Reference points, frame selection, and framing effects. Psychonomic Bulletin & Review, 
 10, 596–602. 
 
McKenzie, C. R. M., & Sher, S. (2020). Gamble evaluation and evoked reference sets: Why 
 adding a small loss to a gamble increases its attractiveness. Cognition, 194, 104043. 
 
McKenzie, C. R. M., Sher, S., Leong L. M., & Müller-Trede, J. (2018). Constructed preferences, 
 rationality, and choice architecture. Review of Behavioral Economics, 5, 337–360. 
 



 

 7 

Schwarz, N. (1994). Judgment in a social context: Biases, shortcomings, and the logic of 
 conversation. Advances in Experimental Social Psychology, 26, 123–162. 
 
Shafir, E., & LeBoeuf, R. A. (2002). Rationality. Annual Review of Psychology, 53(1), 491–517. 
 
Sher, S., & McKenzie, C. R. M. (2006). Information leakage from logically equivalent frames. 
 Cognition, 101, 467–494. 
 
Sher, S., & McKenzie, C. R. M. (2014). Options as information: Rational reversals of evaluation 
 and preference. Journal of Experimental Psychology: General, 143(3), 1127–1143. 
 
Steffel, M., Williams, E. F., & Tannenbaum, D. (2019). Does changing defaults save lives? 
 Effects of presumed consent organ donation policies. Behavioral Science & Policy, 5(1), 
 69–88. 
 
Thaler, R. H., & Sunstein, C. R. (2008). Nudge. Improving decisions about health, wealth and 
 happiness. London, UK: Penguin Books. 
 
Tversky, A., & Kahneman, D. (1981). The framing of decisions and the psychology of choice. 
 Science, 211, 453–458. 



 

 8 

Chapter 1: 
 
 

The role of inference in attribute framing effects 
 
 

Lim M. Leong, Craig R. M. McKenzie, Shlomi Sher, & Johannes Müller-Trede 
 
 

As it appears in 
 
 

Journal of Behavioral Decision Making 
 

2017 
 

Volume 30, Issue 5, Pages 1147-1156 
 
  



 

 9 

 



 

 10 

 



 

 11 

 



 

 12 

 



 

 13 

 



 

 14 

 



 

 15 

 



 

 16 

 



 

 17 

 



 

 18 

  



 

 19 

Chapter 1, in full, is a reprint of the material as it appears in the Journal of Behavioral 

Decision Making, 2017, Leong, Lim M.; McKenzie, Craig R. M.; Sher, Shlomi; Müller-Trede, 

Johannes. The dissertation author was the primary investigator and author of this paper. 

  



 

 20 

Chapter 2: 
 
 

Adaptability of attribute framing effects 
 
 

Lim M. Leong, & Craig R. M. McKenzie 
 
 

(manuscript under review for publication) 
  



 

 21 

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://osf.io/pqxfu/?view_only=7a47fbde47f5400f8836df0b1ae2e8d7. 

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 Müller-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, ηp2 = .052, no main effect of selection process, F(1, 

435) = 0.02, p = .88, ηp2 < .001, and no frame-by-selection interaction, F(1, 435) = 0.47, p = .50, 

ηp2 = .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 2c) 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, ηp2 = .037, no main effect of 

selection process, F(1, 432) = 0.07, p = .79, ηp2 < .001, and no frame-by-selection interaction, 

F(1, 432) = 0.64, p = .42, ηp2 = .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. 

a. b. 

c. d. 



 

 30 

 
 
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.1 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, ηp2 = .021, no main effect of 

selection process, F(1, 377) = 0.18, p = .67, ηp2 < .001, and no frame-by-selection interaction, 

F(1, 377) = 0.08, p = .78, ηp2 < .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. 

 

 
1 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, Mdiff = 3.73, t(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). 

a. 

c. 

b. 



 

 36 

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, χ2(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, χ2(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). 

a. 

b. 
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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.2 Figures 7c 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 (c) and misaligned interests conditions (d). 

a. 

b. 
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Figure 2.7. Classification of possible combinations of speaker message and listener guess, 
Continued. 
 
  

c. 

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 cooperation and communication. One interesting question 

for future research is whether inferences based on other linguistic regularities such as active-

passive form sentences (e.g., Johnson-Laird, 1968) and subject-complement structures (e.g., 

Chestnut & Markman, 2018) are adaptable, and whether their adaptability may similarly depend 

on how the change to the task environment is implemented. 

 Using a paradigm analogous to the one we used in Study 3, Altmann, Falk, & Grunewald 

(2020) examined the adaptability of a conceptually similar phenomenon known as default 

effects. The default refers to the option that is implemented in the absence of active choice, and 

default effects are said to occur when decision makers tend to stick with whichever option is set 

as the default (Jachimowicz, Duncan, Weber, & Johnson, 2019). Although defaults do not 

change the menu of options, the choice of default can signal an implicit recommendation 

(McKenzie, Liersch, & Finkelstein, 2006). For instance, participants were more likely to infer 

that policymakers are in favor of organ donation when they set “organ donor” (rather than “not 

an organ donor”) as the default. In their default-setting game, Altmann et al. (2020) also 

manipulated the alignment of interests between default-setters and decision makers. When their 

interests were aligned, decision makers accepted the default 90% of the time, but when their 

interests were misaligned, they did so only 58% of the time. This provides convergent evidence 
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that the subtle transmission of information through logically equivalent choice architecture is 

adaptable to different incentive structures in a simple repeated two-player game. 

Our findings also provide additional evidence that, for at least some tasks, our cognitive 

system is malleable and our behaviors adaptable. Prior studies on reasoning and judgment tasks 

such as hypothesis testing (Klayman & Ha, 1987; McKenzie & Mikkelsen, 2000), the selection 

task (Oaksford & Chater, 1994), and covariation assessment (McKenzie & Mikkelsen, 2007) 

have demonstrated that people’s behaviors can change in appropriate ways when it is clear the 

environmental structure has changed. To illustrate, consider the typical covariation task: 

Participants are asked to assess the relationship between two variables, each with levels of 

presence and absence. Traditionally, the view is that all four combinations of the resulting 

contingency matrix are equally informative, but empirically, participants’ judgments are 

influenced most by joint presence observations and least by joint absence observations. This 

reasoning “bias,” however, is adaptive from a Bayesian inferential perspective that assumes the 

presence of variables to be rare. Crucially, when it is clear that the absence of variables is rare, 

participants instead consider joint absence observations to be most informative (McKenzie & 

Mikkelsen, 2007). Furthermore, this effect was only found for variables that participants were 

familiar with. When presented with unfamiliar variables, participants relied on their default 

assumption about how labeling indicates what is rare. When presented with familiar variables, 

however, participants exploited their real-world knowledge about what is rare. In this way, 

people’s sensitivity to rarity appears also to depend on how it is conveyed in the task. 

 When choice architecture is viewed as an implicit social interaction (Krijnen, 

Tannenbaum, & Fox, 2017; McKenzie, Sher, Leong, & Müller-Trede, 2018), factors that change 

the nature of that interaction should lead to corresponding changes to behavior. Although 
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people’s responses to frames are surprisingly insensitive to descriptions of the frame selection 

process, their behavior is adaptable in a communication game that manipulates the incentive for 

speakers to be cooperative. When listeners know that speakers are incentivized not to leak 

information, they no longer respond in a systematic manner to frames. 

 

 

Chapter 2, in full, is under review for publication of the material. Leong, Lim M.; 

McKenzie, Craig R. M. The dissertation author was the primary investigator and author of this 

paper. 
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Chapter 3, in full, is a reprint of the material as it appears in Psychonomic Bulletin & 

Review, 2020, Leong, Lim M.; Yin, Yidan; McKenzie, Craig R. M. The dissertation author was 

the primary investigator and author of this paper. 
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CONCLUSION 

 In three chapters, this dissertation illustrates the important role that inferences play in 

how people respond to two common choice architectures. Different frames and different defaults, 

despite their logical equivalence, can convey additional choice-relevant information to decision 

makers and observers. Building on the information leakage framework, we demonstrate that 

reference point inferences are sufficient to generate attribute framing effects (Chapter 1), and that 

these inferences are adaptable to changes to the incentive structure between speakers and 

listeners (Chapter 2). In addition, we found that decision makers have a sophisticated 

understanding of how observers would perceive their choices under different defaults, and can 

strategically exploit this signal by self-selecting into optimal default settings (Chapter 3). 

 The conventional nudge approach has advocated a variety of different behavioral 

interventions to improve people’s welfare. But before widely implementing these interventions 

in the real world, we should first build a more comprehensive understanding of the underlying 

mechanisms for why people behave the way they do. If the target behaviors are not the result of 

faulty cognitive processes as commonly believed, then these interventions may prove ineffective, 

or worse yet, backfire. That is, whether people are in fact predictably irrational – or instead, 

predictably rational – matters when designing interventions. We believe our perspective of 

choice architecture as an implicit social interaction offers key insights on factors that choice 

architects should consider. 

 One factor is how much prior knowledge decision makers have. While reference point 

inferences are sufficient to generate attribute framing effects (Chapter 1), we have also identified 

boundary conditions for when these inferences matter less. The less relevant knowledge decision 

makers have, the more they should look to and rely on subtle cues in their choice environment. 
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Conversely, the more relevant knowledge decision makers have, the less they should rely on 

these inferences. Indeed, we found that those who are more knowledgeable about NBA 

basketball, and thus need not rely on the frame to interpret how valuable a player is, show a 

diminished framing effect (Experiment 2 in Chapter 1). Likewise, the implicit recommendation 

in defaults should exert a smaller influence on those who are knowledgeable about the options. 

 Another factor that should affect framing and default effects is speaker intentions. In the 

typical cooperative context, speakers are expected to make informative utterances. When this 

assumption is violated, decision makers should cease to respond systematically to these cues. 

Contrary to this prediction, we found that people continued to exhibit framing effects despite 

being informed that a computer has randomly selected the frame (Study 1 in Chapter 2), and 

when a constraint made it harder for the speaker to use one frame over another (Study 2a and 2b 

in Chapter 2). However, when the speakers’ and listeners’ interests were misaligned in a 

communication game, we found that listeners no longer reacted systematically to frames. These 

results suggest that framing effects may be more adaptable to certain manipulations than others, 

and future research can investigate other speaker characteristics such as trust and conflict-of-

interest. For instance, future studies can manipulate the speaker’s role and compare how people 

respond to frames selected by marketers and politicians versus those selected by friends. Another 

interesting avenue for future research is whether a design that presents frames and defaults via 

in-person communication would lead to larger effects than using hypothetical vignettes. 

 In summary, this dissertation has further elucidated the role that inferences play in the 

judgments and choices made under different framing and default options. Judgment and decision 

making do not occur in a vacuum, but are instead situated within a social setting. Because 

information cannot simply be implanted into the minds of decision makers, how that information 
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is communicated can itself be informative. By examining the implicit interaction between choice 

architects, decision makers, and observers, we can better understand why people behave the way 

they do and design more effective behavioral interventions. 

 




