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Which strategies underlay participants’ choices when harms were presented (Table 5)? 

In scenario A of set I (see Appendix), 54% chose the certain option (two-tailed binomial, 

p=.85. Participants indicated ambiguity aversion (47%) and the higher of the two upper 

bounds (27%) as choice strategy. Participants who chose the high ambiguity option indicated 

the lower bound (the best possible outcome) as choice strategy (85%). In scenario B, half of 

the participants chose the less ambiguous option (two-tailed binomial, p=.39) and indicated 

either ambiguity aversion (32%) or the higher of the two upper bounds (46%) as choice 

strategy. The other half chose the option that had high ambiguity indicating the lower bound 

(best possible rate of harms) as choice strategy (86%). 

In set II, 98% chose treatment 2 in scenario C—as mentioned before, it was not 

possible to indicate their choice strategy. In scenario D, 92% chose treatment 2 (see 

Appendix)—41% indicated the midpoint and 50% the lower of the two lower bounds as 

choice strategy. Participants choosing treatment 1 indicated primarily the upper bound as 

choice strategy. 

In set III, there was a slightly higher variance in choices than in set II. In scenario E, 

83% of participants chose treatment 2 (two-tailed binomial, p=.001)—the majority (58%) 

indicated the midpoint, one third indicated ambiguity aversion and 6% the lower of the two 

upper bounds as choice strategy. When participants chose treatment 1 (86%), they indicated 

the lower of the two lower bounds as choice strategy. In scenario F, 79% of participants chose 

treatment 2 (two-tailed binomial, p=.001)—the majority 49% chose this option due to the 

midpoint, 24% the lower of the two upper bounds and 17% ambiguity aversion. Again, when 

participants chose treatment 1, they indicated the lower of the two lower bounds (46%) as 

choice strategy. 
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Numeracy. We categorized participants into low and high numerates (low: 34%, high: 

65%, missing: 1%). In line with Experiment1a/b, low numerates showed higher variance in 

their choices than high numerates. Particularly in set III in the harms condition, 29% and 35% 

of low numerates compared with 11% and 16% of high numerates made choices in favor of 

treatment 1 (see Appendix). In other words, more low numerates aimed for the best possible 

outcome of the harms (focusing on the lower bounds as choice strategy). When it comes to the 

underlying choice strategies, we will only discuss scenarios, in which low and high 

numerates’ choice strategies differed, for reasons of brevity. It should be noted that due to a 

limited sample size of low numerates, results are only tentative.  

We first present differences for the benefits condition: In set I, more high numerates 

than low numerates in scenario A and B indicated ambiguity aversion as choice strategy to 

choose the certain option (scenario A: 78% of high vs. 28% of low numerates; scenario B: 

38% of high vs. 10% of low numerates). In other words, a higher proportion of low numerates 

than high numerates compared the lower bounds of the two treatments (scenario A: 28% of 

low vs. 8% of high numerates; scenario B: 85% of low vs. 44% of high numerates). In set III, 

86% of low numerates compared with 53% of high numerates indicated the midpoint and 

14% of low numerates compared with 47% of high numerates indicated the upper bound as 

choice strategy. There were no differences in high and low numerates for those choosing 

treatment 2.  

When it comes to harms, we again found a higher proportion of high numerates 

choosing the certain indicating ambiguity aversion as choice strategy (scenario A: 20% of low 

vs. 60% of high numerates; scenario B: 13% vs. 40%); however, more low numerates who 

chose the certain option indicated the lower of the two upper bounds as choice strategy 

(scenario A: 30% of low vs. 20% of high numerates; Scenario B: 62% of low vs. 40% of high 
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numerates). In set II and III, we did not find any differences in choice strategy due to the 

higher variance.  

Discussion Study 2 

Findings of Experiment 2 were in line with Experiment 1a/b—participants made 

similar choices within the scenarios and the variance in choices was higher in low numerates 

than in high numerates. Moreover, we mapped participants’ choice strategies and thereby 

extended previous findings. Overall, we observed a large heterogeneity in participants’ choice 

strategies; there was no dominant choice strategy. Even when a majority of participants made 

choices in favor of one treatment, the underlying strategies were quite diverse. Interestingly, 

when both options only differed in the degree of ambiguity, about half of the subjects were 

optimistic. More precisely, in the benefits condition, half focused on the upper bound of the 

ambiguous option, and in the harms condition, half focused on the lower bound of the 

ambiguous option. 

Differences between low and high numerates indicate that a higher proportion of low 

numerates focused on the lower of the two lower bounds in the benefits condition and higher 

of the two upper bounds in the harms condition. However, when low and high numerates 

chose the same option differences in choices strategies were small.  

In sum, whereas research suggests that ambiguity makes people uncomfortable due to 

lack of knowledge (Fox & Tversky, 1995) or the shift in attention to the worst possible 

outcome (Viscusi et al., 1991), the present results indicate that individuals deal differently 

with ambiguity. Numeracy is one potential moderator. We found similar differences in choice 

patterns between low and high numerates, but when choosing the same option, the underlying 

choice strategies were similar between both groups. Further dispositional factors might help 

to explain people’s different choice strategies. Yet, situational factors—the degree of 
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ambiguity and differences in the average rates—play an important role and trigger different 

choice strategies. For instance, more people stated ambiguity aversion as their choice strategy 

when one option was certain and one ambiguous. Presenting both option as ambiguous 

reduced ambiguity aversion, and more people shifted attention to the respective bounds.  

General Discussion 

The present findings may question the general claim that people cannot choose 

medical treatments under ambiguity. In fact, the vast majority of the participants in our 

studies chose the “superior” treatment in most scenarios. Whether ambiguity increases 

complexity in the medical choice behavior rather depends on the distinctiveness of the 

treatment outcomes—the more choice strategies favor a specific option, the smaller variance 

in choices should be. For instance, when the range of options does not overlap, ambiguity is 

very informative as one option can be clearly identified as superior. When the range of 

options overlaps, complexity is high as one or more strategies make contradicting predictions. 

Yet, we found a majority of participants choosing the same option. Those who deviated from 

majority choice were either more concerned about the worst possible outcome or best possible 

outcome.  

Our findings have at least two important theoretical implications. First, there was no 

evidence for ambiguity aversion in treatment choice when benefits were presented. Moreover, 

we did not find evidence for ambiguity seeking when harms were presented. This challenges 

classical views on people’s behavior under ambiguity. One potential explanation is the 

context in which decisions take place. Previous research on ambiguity aversion and seeking 

was based on fictitious monetary gambles. In such situations an optimal solution is 

mathematically traceable—a standard based on which behavior is evaluated. However, 

monetary gambles hardly reflect real-world decisions. The medical scenarios represent an 

important context in peoples’ lives. In this context, causal mechanisms have a long history 



Chapter 5 –Treatment choice under ambiguity  130 
  

and play an important role. For instance, throughout their evolutionary history, people had to 

quickly learn whether a specific substance causes an illness or death. Therefore, medical 

information might be encoded differently and is not easily changed by numerical evidence 

only (Müller, Garcia-Retamero, Galesic, & Maldonado, 2012).  

Second, in contrast with previous research on ambiguity aversion, we found a 

diversity of choice strategies. This diversity depends on at least two factors: the scenario 

(situational factors) and individual differences (dispositional factors). Depending on the 

treatments’ effectiveness and the degree of ambiguity, participants applied different choice 

strategies. This indicates that concepts like ambiguity aversion or seeking are not universal, 

but have to be evaluated in light of factors such as the context (medical, financial), the frame 

(gain vs. loss), the perspective (choosing for oneself vs. choosing for others), and the given 

odds and degree of ambiguity. The heterogeneity in choice strategies could also be partially a 

consequence of individual differences. Some participants’ choices represented a rather 

optimistic view on the expected outcomes; others’ choices represented a pessimistic and more 

conservative strategy. Han and colleagues (2010) also argue that dispositional factors such as 

optimism may account for individual differences in choice strategies. Numeracy seems to 

moderate the results only slightly. In line with previous findings, low numerates had little 

more difficulties in identifying a superior option when it existed (e.g., Peters et al., 2006; 

Pachur & Galesic, 2012). Yet, we found that low and high numerates had similar choice 

strategies, although more low numerates were concerned about the lower bounds in the 

benefits (pessimistic treatment choice) as well as in the harms condition (optimistic treatment 

choice).  

These findings have important practical implications. In many medical decisions, it is 

not possible to define an optimal solution (Feufel & Bodemer, 2012). In these situations, it is 

important to communicate complete information, so people can decide based upon their 



Chapter 5 –Treatment choice under ambiguity  131 
  

individual preferences, values, and needs. These differences may be presented by the 

heterogeneity in choice strategies in our studies. An interesting example is the implementation 

of the human papilloma virus (HPV) vaccine. In Germany, researchers questioned the 

admission of the vaccine due to a lack of knowledge about its effectiveness and potential side-

effects (Dören et al., 2008). However, statistical information and in particular information 

about the ambiguity of effectiveness and side-effect estimates were hardly provided in patient 

information (Bodemer et al., 2012). Yet, due to the controversy and limited evidence, such 

information would have been important for a decision maker—primarily parents and young 

girls—to evaluate the level of evidence and decide whether to get vaccinated or not.  

The present findings also point to future lines of research. First, only little is known 

about how adaptive people are to situational factors when ambiguity is present. For instance, 

Leonhardt and colleagues (2011) found that when choosing for others, people actually tend to 

seek for ambiguity, but not when choosing for themselves. Moreover, different domains may 

trigger different choice strategies (Müller et al., 2012). People’s tendency to be risk seeking or 

shift attention to the best possible outcome may also depend on the severity of a disease, or 

how effective a treatment actually is. For instance, in our examples the benefits were rather 

low (on average 20 out of 100). Second, individual differences to better tailor information to 

patients’ require a better understanding not only of situational factors, but also on 

dispositional factors such as optimism or tolerance for uncertainty (Furnham & Ribchester, 

1995). Third, we simplified treatment choice by keeping either the benefits or harms constant. 

In most medical decisions, both have to be taken into consideration and may point into 

different choices. For instance, a treatment with a higher benefit may go along with a higher 

risk of harms. This adds complexity and potentially influences choice strategies. A fourth line 

of research points to the presentation format of ambiguity. In line with previous research, we 

presented ambiguity with a range (e.g., Han et al., 2009, 2010; Schapira et al., 2001). 
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However, little is known about how people interpret a range and how it affects choice 

strategies. The fact that laypeople are rather unfamiliar with the concept of ambiguity and its 

presentation (Ibrekk & Morgan, 1988; Politi et al., 2007), raises the question how people 

actually interpret such information. For instance, whereas one might perceive the midpoint of 

the range as the most likely value, one could also assume that each value within the range is 

equally likely. We need to better understand how people—in particular low numerates—

interpret the range, and whether we can present ambiguity more intuitively. For instance, 

graphical tools such as icon arrays (pictographs) have been shown to improve people’s 

understanding of risks (Bosnjak & Pahl, 2011; Galesic, Garcia-Retamero, & Gigerenzer, 

2009; Gaissmaier et al., 2011) 

In sum, the communication of ambiguity in medical risk communication increases 

transparency and helps patients to choose treatments in line with their individual preferences. 

We argue that participants can and should be informed about the ambiguity of treatment 

benefits and harms to satisfy their individual preferences, needs, and values.    
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Appendix 

 

 

Percentages of participants who chose treatment 1 in Experiment 2 – benefits condition (above: 

total n = 261, low numerates n = 87, high numerates n = 170) and percentages of participants 

who chose treatment 2 in Experiment 2 – harms condition (below: total n = 253, low numerates 

n = 81, high numerates n = 171 ).  
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General Discussion 

In this dissertation, I presented theoretical and empirical research that contributes to a 

better understanding of how we can help patients making informed decisions. Using 

theoretical concepts and methods from psychology to gain insights into the mechanism of 

how laypeople understand and perceive risks, I derived important implications for future 

research and practice.  

Building a basis for a health care system in which patients actively and responsibly 

participate in their medical decisions requires transparent, complete, and intuitive information. 

Therefore, we have to be aware of (1) which tools are available to foster “better” health care 

decisions, (2) the shortcomings in current risk communication, (3) how biased formats 

undermine the empowerment of patients, and (4) how we can present complete information 

including ambiguity. In this final chapter, I will briefly summarize what we have learned from 

the papers composing this dissertation and give an outlook of possible future directions for 

each of them. 

(1) Empowering patients—a matter of perspective 

There are two perspectives about the human rationality. Some argue that human’s use 

heuristics that are prone to biases leading to poor decisions (Kahneman & Tversky, 1983). 

These biases have been primarily documented in what Savage (1954) calls “small worlds”—

worlds in which an optimal solution can be computed. In other words, such situations are 

characterized by perfect knowledge about alternatives and probabilities. Bias is defined as 

human’s deviation from such a normative standard, being taken as the proof that people are 

not rational. As a consequence, people need guidance in form of nudges to overcome these 

biases (Marteau, Ogilvie, Roland, Suhrcke, & Kelly, 2011; Thaler & Sunstein, 2009). 

Nudging is based on the idea to design environments that prompt a particular behavior 
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without restricting any options. Yet, this perspective about the human mind is rather 

pessimistic. In most situations in our daily life, rarely—if ever—all alternatives and 

probabilities are known. Decisions are to be made under considerable uncertainty due to 

limited knowledge and limited capacities. In such situations an optimal solution is intractable 

and heuristics have been found to be very effective strategies (Gigerenzer, Hertwig, & Pachur, 

2011; Todd, Gigerenzer, & the ABC Research Group, 2012). The term ecological rationality 

has been coined to describe the structure and representation of information in an environment 

and the match with mental strategies. Hence, the problem is less in the human mind, but in the 

way information is presented. Intuitive design follows this principle and aims at designing 

environments that match cognitive processes. One prominent example is the presentation of 

statistical information to patients in form of natural frequencies in contrast to conditional 

probabilities (Gigerenzer & Hoffrage, 1995). 

These two perspectives about the human mind have led to different approaches to 

improve health decisions: on the one hand, nudging and social marketing resting on the 

former assumption, on the other hand empowerment resting on the latter assumption. In 

Chapter 2, I presented the differences, commonalities and applicability of these three 

approaches. Nudging and social marketing are limited to situations in which a normative 

standard can be clearly defined, for instance, when there is strong evidence proposing an 

“optimal” solution. However, in many medical situations patients and health professionals 

have to make decisions under uncertainty—an “optimal” solution does not exist. Moreover, 

what is “good” or “bad” is often not ultimate, but depends on the patient, her values and 

needs. Therefore, instead of imposing one solution, empowerment aims at transparently 

informing and educating patients to make medical decisions that suit their personal situation 

best. This builds a basis for shared decision making and informed consent (Gigerenzer & 

Gray, 2011).   
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However, the implementation of empowerment has to meet at least three challenges: 

First, like the nudging and social marketing approaches, positive effects of empowerment 

need to be proven. Therefore, empowerment strategies have to be evaluated on relevant health 

outcomes. Can empowerment reduce inequality in health care practice such as regional 

variability? Can it increase quality of life in patients? Can it make the health care system more 

cost-efficient? The second challenge addresses how empowerment can be implemented. 

Conflicts of interest in politics, industries and health professionals undermine efforts to 

educate patients (Gigerenzer & Gray, 2011). Patients have to learn which questions to ask and 

where to find transparent information. Independent institutions are one step towards providing 

transparent and complete information and help to educate future, risk literate generations. 

Third, to design environments based on the principle of ecological rationality, we need to 

better understand how patients actually process statistical information and make medical 

decisions. Which information is relevant for patients to decide between treatment 

alternatives? How can we communicate this information transparently to different target 

groups? A starting point to examine patient decision strategies and heuristics is given by the 

concepts of bounded and ecological rationality (Gigerenzer, Todd, & the ABC Research 

Group, 1999).   

(2) A tool for empowerment: The media 

The media are one channel to empower patients (Grilli, Ramsay, & Minozzi, 2009). 

But are media reports based on transparent and complete information? In the third chapter, I 

presented the role of the media in medical risk communication, its opportunities and 

shortcomings. Based on recent findings in risk communication, I developed a coding scheme 

to evaluate reporting about the HPV vaccine in German and Spanish newspaper and Internet 

reports. The results showed that media reports hardly met the standards proposed for 

transparent, complete and correct information. Although the Internet reports communicated 
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more relevant information about the HPV vaccine, they still did not provide a basis for 

making informed decisions.  

Evaluating how the environment presents information is one part in the study of 

ecological rationality. The second part focuses on how people actually perceive and process 

the information provided and which consequences it has on behavioral outcomes. Few studies 

have demonstrated the influence of the media, for instance media reporting on health service 

utilization (Grilli et al., 2009). To shed more light on how the media—and particularly the 

Internet—shapes risk perception and decision making, we need to gain insights about how 

patients actually seek for information, which strategies they use and how they evaluate 

information and its communicators (Eysenbach & Köhler, 2002; Eysenbach, Powell, Kuss, & 

Sa, 2002; Feufel & Stahl, 2012; Hesse, Nelson, Kreps, Croyle, Arora, Rimer, & Viswanath, 

2005). For instance, Feufel and Stahl (2012) found that web users often stop web search after 

the first piece of evidence satisfying search intentions is found. Differences in age and web-

use skills also moderated participants’ search strategies. How such differences in strategies 

are influenced by the way the media present information can serve as a basis for changing the 

practice of media coverage about health issues as well as designing interventions for patients 

searching for such information. 

(3) Including baseline risk when communicating relative risk reductions 

One prominent example of biased reporting are relative risk reductions and increases. 

Laypeople as well as health professionals overestimate benefits or harms when changes in risk 

are expressed in relative rather than absolute terms (Akl et al., 2011; Edward, Elwyn, Covey, 

Matthews, & Pill 2001). Yet, relative risk changes are still predominant in risk 

communication (Gigerenzer, Wegwarth, & Feufel, 2010; Sedrakyan & Shih, 2007). Their use 

is sometimes defended with an argument that relative risk changes can be “debiased” if 
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baseline risk is included (Natter & Berry, 2005; Schwartz, Woloshin, Black, & Welch, 1997). 

In four experiments, I tested the influence of the presentation format (percentage vs. 

frequency) and people’s numeracy abilities on the interpretation of relative risk changes with 

baseline risk. Results showed that the understanding of relative risk changes with baseline risk 

depends on (i) the presentation format used to communicate the baseline risk (percentage vs. 

frequencies) and (ii) people’s numeracy skills. Whereas high numerates understood relative 

risk reductions and increases independently of the presentation format, low numerates 

benefited only when the baseline risk was presented in frequencies rather than in percentages. 

Yet, we found that—independently of the presentation format and numeracy abilities—many 

participants still failed to correctly understand the information. Thus, relative risk changes, 

even when communicated with baseline risk, remain a source of confusion. This questions 

whether these formats are suitable in practice. 

 Future research can further investigate the role of the presentation format on people’s 

understanding of risk changes in dependence of numeracy. One stream of research tries to 

avoid numerical information as far as possible, and instead displays risks visually. For 

instance, icon arrays (pictographs) can help to overcome low numeracy (Galesic, Garcia-

Retamero, & Gigerenzer, 2009; Garcia-Retamero & Galesic, 2010). However, only for those 

high in graph literacy visualization might be better than numerical formats, whereas for 

people low in graph literacy the opposite may be true (Gaissmaier, Wegwarth, Skopec, 

Müller, Broschinski, & Politi, 2011). Most statistics—may it be numbers or graphs—are so 

called descriptive statistics; they summarize statistical evidence. However, recent research in 

risky choice has shown that decisions about which option to choose may depend on whether 

one is presented with descriptive statistics or one actively samples outcomes separately 

(Hertwig, Barron, Weber, & Erev, 2004; Ungemach, Chater, & Stewart, 2009). These 
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findings also have implications for risk communication and influence people’s treatment 

choice (Bodemer, Gaissmaier, & Nelson, 2012). 

Whereas most research focuses on one presentation format only, another issue is how 

laypeople and experts integrate and compare treatment effects that are framed in different 

formats. The phenomenon of mismatched framing—benefits are presented in relative risk 

reductions to appear large, whereas harms are presented in absolute risk increases to appear 

small—amplifies confusion (Gigerenzer et al., 2010). To make sense of statistics framed in 

different formats, one has to find a common denominator to compare the magnitude of 

effects. Frequency formats help people reasoning about statistical concepts (e.g., Moster, 

2002), but future research may address whether people transform percentage formats into 

frequency formats, or vice versa. 

(4)  Disclosing uncertainty: Presenting ambiguity in risk communication 

Providing complete information also includes the communication of uncertainty. 

Medical evidence is often limited, but this is rarely presented to patients (Bodemer, Müller, 

Okan, Garcia-Retamero, & Neumeyer-Gromen, 2012; Politi, Col, & Han, 2007). In Chapter 5, 

I questioned general objections against ambiguity communication such as people’s inability to 

handle it (Frewer, Hunt, Brennan, Kuznesof, Ness, & Ritson, 2003). Results showed that 

participants were able to find a superior treatment option even when ambiguity was presented. 

Moreover, heterogeneity in participants’ choice strategies extends previous research and 

demonstrates how important it is to consider individual differences in treatment choice under 

ambiguity. For instance, some participants were pessimistic and chose based on the worst 

possible outcome, others were optimistic and chose based on the best possible outcome. We 

suggest including ambiguity when presenting treatment benefits and harms to provide 

complete information about potential limitations of the existing evidence. 
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As mentioned in the previous section, presenting statistics in numerical format are 

only one way to communicate risks. Although I found only limited evidence for differences in 

numeracy, some studies suggest that numeracy plays a major role in medical decision making 

(Pachur & Galesic, 2012; Reyna, 2009). Hence, graphical formats present a promising 

alternative to visualize treatment effects with ambiguity. For instance, Bosnjak and Pahl 

(2011) propose bar charts with a confidence interval as an intuitive format to communicate 

ambiguity without increasing complexity.  

Moreover, further situational and dispositional factors are to be explored to provide a 

more thorough investigation of how people react towards ambiguity. Optimism as well as 

tolerance for uncertainty might help to predict people’s choice under ambiguity (Han, Klein, 

Lehman, Massett, Lee, & Freedman, 2010). Ambiguity and—in a broader sense—uncertainty 

is a major component of our environment and provide crucial information for a decision 

maker—may it be regarding financial, environmental, medical, or social issues.  

Conclusion 

In sum, the work presented here gave new insights into (medical) decision making, 

risk perception and risk communication. The findings show that empowerment is a crucial 

tool to improve health decisions; the media lack transparent communication of health 

information which calls for standard to improve reporting; one should be careful when 

communicating relative risk reductions and increases also along with baseline risk; and that 

ambiguity is an important element in medical decision making.  
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