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ABSTRACT 

Visual aids are frequently used to promote informed decision making under risk, 

especially in regard to low probability risk information (Okan et al., 2020). Previous 

research has demonstrated that the type of graphical format can affect the perception of 

risk magnitude and likelihood of risk averse behavior (e.g., Stone et al., 2017). However, 

the research demonstrating these findings has focused on everyday circumstances (e.g., 

toothpaste products to prevent gum disease) and established scenarios (e.g., vaccines to 

prevent well-established illness). The pandemic’s heightened levels of anxiety/worry, its 

emerging and ever-changing state, and its politicization may impact the usual processes 

by which people use graphs to make decisions. One situation where the pandemic’s 

unique context may impact behavior is in the foreground-only effect. The foreground-

only effect is an effect in which risk perception and aversion are increased when viewing 

one graph type (e.g., foreground-only graphs) compared to another (e.g., numerical-only 

graphs), while simultaneously decreasing performance in other goals, such as risk 

understanding. Furthermore, these effects have only been investigated in between-

subjects study designs, despite the power advantage of a within-subjects design. Thus, 

this study has two aims: to evaluate a) how the foreground-only effect applies to 

pervasive, current issues like COVID-19, and b) how a within-subject design impacts the 

magnitude of display effects. Evaluating the transferability of current knowledge on the 

foreground-only effect to the COVID-19 pandemic and within-subjects designs will help 

better effective risk communication in real world scenarios as well as expand existing 

options for designing relevant studies.  
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INTRODUCTION 

From deciding on a medical treatment to choosing a brand of tires, people make 

decisions about risks daily. Making decisions about low probability risks can be 

especially complex as people rarely personally experience these events, and thus may 

have a difficult time navigating the risk information (Lipkus, 2007). Visual aids are 

frequently used as a decision support resource to promote informed decision making 

under risk and are particularly helpful for communicating low probability risk 

information (Ancker et al., 2006; Okan et al., 2020). However, the format of the visual 

aid can greatly affect the efficacy of the risk communication. For instance, previous 

research has demonstrated that the type of graphical format can affect the perception of 

risk magnitude and likelihood of risk averse behavior (e.g., Stone et al., 2017). Displays 

communicating low probability risks are especially vulnerable to these effects, as 

graphical formats that elucidate the part-to-whole relationship have the unique potential 

to highlight the small magnitude of such risk, while other displays do not do so (Okan et 

al., 2020). 

The current knowledge on graphical effects is focused primarily on familiar and 

well-established low probability risk scenarios, such as hypothetical contexts involving 

well-known diseases. People have familiarized themselves with such every-day 

hypotheticals, and consequently, these well-known scenarios do not evoke highly reactive 

or emotional responses for most individuals. However, this is not the case for many of the 

risks associated with real-world and current issues that people face today. One such risk 

is that of COVID-19, which, while sharing many qualities as that risk scenarios used in 

past research (e.g., low probability, medical risks), also simultaneously evokes a 
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substantially more emotional response compared to risks like tire blowouts or gum 

disease. Thus, the emerging, emotional, and pervasive nature of novel, real-world risks 

such as the COVID-19 pandemic may impact the typical relationship between display 

designs and outcomes in ways that the current research is unfamiliar with. Assessing 

whether scenarios like COVID-19 present a context effect that deviates from previous 

understanding of graphical effects on decision-making is crucial to the guidance of 

visual-aid use in the communication of real-work risks.  

Risk Communication: Using Displays to Achieve Goals 

 

Risk communication research focuses on ways to promote informed decision-making 

under risk. Graphs are commonly used as a tool to promote such informed decision-

making, and are highly effective in different ways since there are a variety of goals in risk 

communication. For instance, some risk communicators may be interested in accurately 

communicating the risk information, while others may be interested in changing beliefs 

about a risk, or even promoting behavioral change in the form of promoting risk aversion 

(Fischhoff, 2011). These examples are just some of many goals in risk communication. 

To accomplish these goals, risk communicators can create displays with features known 

to be helpful to their particular goal, like adding labels and graphs when trying to increase 

user preference of the display (Okan et al., 2018). 

Some display features are differentially effective at accomplishing different risk 

communication goals (Ancker et al., 2006; Garcia-Retamero & Cokely, 2013). For 

example, displays that show only the numerator of an incidence rate in graphical form 

tends to inflate people’s perception of the risk, leading to greater risk aversion, while 

simultaneously decreasing their understanding of the information (Ancker et al., 2006; 
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Okan et al., 2018; Stone et al., 2018). Due to the differential properties of some display 

features, it is important to always consider the helpfulness of displays in the context of 

different goals. While there are many goals in the risk communication literature, the next 

section will focus on a few common goals: changing beliefs about the risk, promoting 

behavior change, increasing positive evaluation of the display, and increasing 

understanding of the risk information (Ancker et al., 2006; Ferrer et al., 2016). 

Goals & Outcome Measures 

To understand how graphical display features accomplish risk communication 

goals, it is necessary to know how the goals are measured. One or more outcome 

measures can be used to assess the degree to which a display is accomplishing these 

goals.  

Changing beliefs. Changes in beliefs can be measured through scales like risk 

perception or worry over the risk, with the aim to assess one or more dimensions of belief 

regarding the risk. The central idea is to gather information on what the users perceive 

about the risk and its size, but this can be asked in many ways. Specifically, measures 

assessing belief and perception can be developed to include deliberative, experiential, and 

affective domains of belief regarding the risk (Ferrer et al., 2016). Risk perception can 

also be specified down to whether the perception is regarding the likelihood, 

susceptibility, or severity of the risk (Brewer et al., 2007). Here, we limit the examples to 

the deliberative and affective forms of risk perception regarding the likelihood of the risk.  

Many risk communication studies assess risk perception by including items that 

directly ask users what they think the chances are of the risk happening to them (what 

Ferrer et al., 2016, refer to as “deliberative” items). For example, a recent paper by Okan 
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and colleagues (2020) includes an item that asks participants to rate what they think is the 

chance of contracting a disease shown to them. As mentioned, researchers may include 

more than one dimension of belief regarding the risk. In this case, the study also included 

an item assessing an affective form of risk perception by asking participants how worried 

they are about contracting the disease (Okan et al., 2020). Together, the deliberative and 

affective items were combined to create the overall risk perception measure. Note that for 

all items and measures used in belief change, the aim is to capture how big or small the 

participants view the risk, not whether participants accurately understand the risk 

information. 

Changing behavior. Closely following changes in belief, researchers are also 

interested in changing behavior. Specifically, communicators often want people to act in 

a risk averse manner, such as getting a vaccine to prevent the risk of disease (Fischhoff et 

al., 2011). Thus, behavior change can be assessed through a risk aversion measure, which 

captures how motivated one is to avoid a risk. Researchers can operationalize this in 

many ways, one of which is to compare the price participants are willing to pay for a 

product that is said to help reduce a risk (e.g., Stone et al., 1994).  

Increasing positive evaluation. User evaluation refers to the favorability of a 

display based on the user’s subjective experience. The favorability of a display is often 

assessed by directly asking participants how much they like the display, or how helpful 

the display was (Bruine de Bruin et al., 2014). These questions assess positive attitudes 

towards the communication. Knowing whether participants find the display favorable can 

be useful for many reasons. One reason is that research has shown that participants who 

rate displays highly on user evaluation tend to trust their risk communicators and are 
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more engaged in their decision-making (Ancker et al., 2006; Garcia Rotemero & Cokely, 

2013). 

Increasing understanding. Conceptually, understanding of the risk can be 

defined as the match between what is in one’s head and reality (Stone et al., 2015). Thus, 

the goal of increasing understanding can also be thought of as creating a display that 

optimizes the match between the reality of a risk and how people view the risk 

information in their head. Understanding of the risk can be interpreted in different ways. 

For instance, some researchers distinguish between understanding of the absolute and 

relative risk magnitudes. The former describes the magnitude of a risk, while the latter 

refers to the relative standing of risks, for example, describing the magnitude of a risk 

reduction (Reyna, 2008; Stone et al., 2015). Some researchers also distinguish between 

verbatim and gist understanding. Here, verbatim refers to understanding of the risk 

information in its exact form, while gist refers to understanding of the risk information in 

a holistic form (Reyna, 2008; Stone et al., 2015, 2017). Thus, understanding can be 

separated into four subcategories: absolute verbatim, relative verbatim, absolute gist, and 

relative gist. Of these four categories, absolute verbatim is the most common form of 

understanding assessed. 

The Foreground-only Effect 

 

One way that display formats differentially impact risk communication outcomes 

is through a graphical effect known as the foreground-only effect. The foreground-only 

effect involves three display types and their differing abilities to impact risk 

communication outcomes under low probability risk scenarios. These three display types 

are the foreground-only, numerical-only, and foreground:background display types. The 
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naming of these display types is dictated by the way risk information is organized on 

these displays. Specifically, displays can be identified by how it depicts the number of 

people harmed (foreground, or numerator), and the total number of people at risk of harm 

(background, or denominator) in the incidence rate of a given risk. The foreground and 

background may be depicted either graphically or numerically, resulting in a number of 

different arrangements, such as foreground-only (see Figure 1), foreground:background 

(see Figure 2), and numerical-only (see Figure 3). Thus, the naming of these displays 

refers to which component of the display is shown graphically. Foreground-only displays 

depict only the foreground graphically, foreground:background displays depict both the 

foreground and background graphically, and numerical-only displays depict both the 

foreground and background numerically. The foreground-only effect refers to the way 

foreground-only displays increase risk aversion and risk perception compared to 

numerical-only and foreground:background displays, despite displaying the same risk 

information (Chua et al., 2006; Okan et al., 2018, 2020; Stone et al., 1997, 2003, 2015, 

2017). However, to narrow the focus of this paper, we will limit the investigation to how 

numerical-only and foreground-only displays impact risk communication outcomes in 

low probability risk scenarios.  

Mechanisms of the Foreground-Only Effect 

There are several theories in the literature that attempt to explain the foreground-only 

effect, many of which describe different mechanisms whereby the allocation of attention 

on different pieces of risk information are impacted by certain characteristics of the 

display format. These explanations can be organized by the display features that the 

theory proposes as the mechanism for how the effect occurs.  
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Figure 1. This is a foreground-only display taken from Okan et al. (2020). Note that the 

numerator of people who develop Slibitis (foreground) is depicted graphically, while the 

denominator of people who do not develop Slibitis (background) is written numerically. 

 

 

 

Figure 2. This is a foreground:background display taken from Okan et al. (2020). Note 

that the numerator of people who develop Slibitis (foreground) and the denominator of 

people who do not develop Slibitis (background) are both depicted graphically. 

Furthermore, the background includes the foreground in its depiction.  
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Figure 3. This is a numerical-only display taken from Stone et al. (2015). Note that the 

numerator of people who develop Slibitis (foreground) and the denominator of people 

who do not develop Slibitis (background) are both depicted numerically.  

 

 

 

Salience of the risk reduction. One display element relating to foreground-only 

displays is the saliency of different pieces of the risk information (Jarvenpaa, 1990; Stone 

et al, 2018). Greater salience is theorized to increase the attention paid to that piece of the 

risk information, which in turn impacts risk communication outcomes. One example of 

this is the salience of the risk reduction information. Salience of risk reduction 

information is relevant when risk communicators present a risk scenario by describing 

one option with an associated incidence rate of risk, and another option that reduces the 

initial risk probability. For instance, displays may show information about a standard 
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product associated with some level of risk, and an improved product which reduces the 

initial level of risk by half. The relative risk is then the difference between the foreground 

of both displays, while the absolute risk is the information formed by the respective 

foreground and the background of each display. Thus, the salience of risk reduction 

focuses on the how easy it is to visually form the difference in the foreground from one 

display to another (Stone et al., 1994). Presenting information in graphical form is said to 

evoke automatic processing of the information, which allows for quick, visual processing 

of spatial features (Casner, 1991; Parillo, 2017). Foreground-only graphs present the 

foreground graphically, evoking automatic processing of foregrounds in the risk 

information of the standard and improved product, highlighting the relative difference in 

risk magnitude. Thus, foreground-only graphs have greater salience of the risk reduction 

than numerical-only graphs (Parillo, 2017; Reyna, 2008). Furthermore, recent research 

shows that the foreground-only effect diminishes in scenarios where the risk reduction is 

small, illustrating the importance of risk reduction in risk perception (Okan et al., 2020). 

Salience of the foreground vs the background. Another type of salience is the 

salience of the foreground versus the background. Salience of the foreground versus the 

background is the proposed mechanism for the foreground-only effect in 

Foreground:Background Salience theory (Stone et al., 2003). In this theory, salience of 

information can be increased by simply making the information more visible, whether 

that be through displaying it in graphical form or manipulating a low-level characteristic 

of the information, such as bolding or changing the font color used. The resulting 

disproportionate salience of information then induces disproportionate attention to the 

pronounced information. Following this logic, displaying the foreground graphically in 
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foreground-only displays will make the information more salient than numerical-only 

displays. Therefore, the foreground-only effect is due to greater salience of the 

foreground compared to the background in foreground-only displays, as greater attention 

to the people harmed at the cost of attention to the people at risk of harm results in 

overestimating the risk. If instead the background were made more salient than the 

foreground, the theory suggests that greater attention would be paid to the total people at 

risk of harm at the cost of attention to people harmed, making the risk seem small. 

However, recent research has found evidence against foreground:background salience, as 

manipulating the font used to describe the foreground did not impact risk perception or 

result in the foreground-only effect (Stone et al., 2018). 

Salience of the risk information. Finally, another salience-related display 

element that may contribute to the foreground-only effect is the salience of the entire risk 

information. A competing theory called the Attention Priority Model (Chua, Yates, & 

Shah, 2006) proposes that any use of graphs in a display will draw greater attention to the 

risk information early in one’s decision-making process, allowing them to consider the 

idea of harm more than they would in the absence of graphs. Thus, the foreground-only 

effect that occurs between foreground-only and numerical-only displays is caused by the 

inclusion of graphs in foreground-only displays, which prime users to think more about 

the chance of harm than in numerical-only displays, resulting in greater risk perception 

and aversion (Chua et al., 2006; Stone et al., 2018). However, the logic of the model 

would also suggest that foreground-only and foreground:background displays would 

equally increase risk perception and aversion due to including graphs in both display 

types. Research has shown that this is not the case, as foreground-only displays are 
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known to increase risk perception more than foreground:background displays. Thus, 

support for this explanation of the foreground-only effect is mixed. 

Ease of forming the proportion. Another consideration for how the foreground-

only effect occurs is in the ease of forming the proportion of people harmed and people at 

risk of harm. This concept of the ratio of the foreground to the background is coined as 

the part-to-whole relationship, and is best communicated by presenting the foreground 

and background information in the same modality. When the foreground and background 

are in the same modality, such as in the case of foreground:background displays, the part-

to-whole relationship is easily seen, thus making low probability risks seem like a “drop-

in-the-bucket” (Okan et al., 2018; Reyna, 2004, 2008). In foreground-only displays, the 

foreground and background are depicted in different modalities, making the proportion 

hard to form. When the part-to-whole relationship is difficult to see, users will have 

trouble recognizing the small size of the risk and instead perceive the risk as larger than it 

is (Ancker et al., 2006; Stone et al., 2018). This explanation of the foreground-only effect 

is called the proportional reasoning theory (Stone et al., 2018). If proportional reasoning 

is behind foreground-only displays, then the size of the risk probability will matter in 

producing the foreground-only effect. This is supported by recent research that showed 

the foreground-only effect to be weaker in larger risk probabilities, though 

foreground:background salience theory also makes this same prediction (Okan et al., 

2018).   

An additional consideration of part-to-whole relationships is the specific graph 

used in the display. In some instances, depicting both the foreground and background in 

graphical form is not enough to highlight the part-to-whole relationship. Specifically, for 
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icon arrays, the part-to-whole relationship is easier to see icons are orderly and in close 

proximity to one another other (see figure 2 above) (Ancker et al., 2006). Conversely, 

random arrangement of icons (see figure 4 below) makes proportions more difficult to 

form (Ancker et al., 2006).  

 

 

Figure 4. A randomized icon graph from Lenert & Cher (1999) 

 

 

 

Risk Communication During the COVID-19 Pandemic 

 

Regardless of the mechanism by which the foreground-only effect occurs, the 

foreground-only effect consistently appears across different studies using different risk 

scenarios describing everyday hypotheticals, from topics like tires and blowouts (e.g., 

Stone et al., 1994) to fictitious diseases and hypothetical vaccines (e.g., Garcia-Retamero 

& Cokely, 2013). However, while previous work on the foreground-only effect has 
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explored a variety of potential mechanisms underlying the effect, this work is limited in 

two ways. First, the foreground-only effect has only been studied through between-

subjects designs. The use of between-subjects designs is understandable as creating a 

within-subjects design that includes different display formats to communicate the same 

risk information is difficult, namely because of the potential for carry-over effects 

(Greenwald, 1976) between viewing the different displays. Even so, there is a clear 

disadvantage with only using between-subjects designs given that they are highly 

dependent on large samples sizes in order to have enough power (Greenwald, 1976) to 

detect the foreground-only effect.   

The second limitation of previous work is that there is little research on the 

foreground-only effect when communicating real-world risks that are currently at the 

forefront of people’s minds, which differ from the previously mentioned context in that 

such pervasive, real world risks can be a highly emotional and contentious topic. Since 

visual aids are a popular tool in communicating risk, it would be important to understand 

whether knowledge from previous research on a prominent graphical effect like the 

foreground-only effect is applicable to the case of communicating real-world risks such 

as COVID-19. 

 The COVID-19 pandemic is a global health crisis involving a novel virus 

identified as COVID-19, which causes a coronavirus illness with primarily respiratory 

symptoms. The virus first emerged in Wuhan, China and quickly spread across the globe, 

causing major interruptions to day-to-day life, devastating the health of many, and 

challenging the economic, health, educational, and political infrastructure of countries 

world-wide. All these widespread complications have resulted in people holding highly 
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charged and complicated emotions towards the issue of COVID-19, as well as conflicted 

opinions regarding how people should solve it. 

Perhaps the most debilitating aspect of the COVID-19 pandemic is that it is an 

ever-changing, once-in-a-lifetime event, making COVID-19 risk information and the 

proposed solutions to COVID-19 difficult for laypeople to assess and problematic for 

experts to effectively communicate. Effective risk communication in a pandemic is 

incredibly crucial as it is a major tool in promoting informed decision-making and 

appropriately risk-averse behavior—the cornerstones of reducing damage caused by the 

novel virus (World Health Organization, 2020; Zhang, Li, & Chen, 2020). Conversely, 

poor risk communication can result in inappropriately risky behavior such as non-

essential travel, or overly risk averse behavior such as hoarding medications and personal 

protective equipment (Abrams & Greenhawt, 2020). Both behaviors result in 

perpetuation of the pandemic and increased infection. 

One specific piece of COVID-19 risk information that has caused confusion 

among laypeople is the rate of mortality among those who have contracted COVID-19 

(Niepel et al., 2020). The difficulty in understanding the rate of mortality in COVID-19 

may be due to the multitude of factors that impact the risk of death, including age of 

patient, patient’s pre-existing conditions, the public health system of the country in which 

a patient resides, as well as other factors that we have yet to identify. Among these many 

complicating factors, one concern most relevant to communicating risk information 

through visual aids is the low-probability nature of COVID-19 mortalities. As previously 

discussed, low probability risks are especially susceptible to the differential effects that 

display designs have on risk communication outcomes.  
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In the case of the foreground-only effect, the way in which a foreground-only 

display impacts risk perception compared to a numerical-only display is well documented 

and therefore predictable in the context of day-to-day hypotheticals. However, in the case 

of a novel, real-world risk such as the risk of death from COVID-19, how the foreground-

only effect may present itself is unclear. Additionally, COVID-19 is a topic that 

understandably evokes a heightened affective response, whether it be fear, anger, anxiety, 

or other negative emotions. In the U.S., this is especially true when communicating risk 

reduction policies alongside COVID-19 risk information as solutions like social-

distancing and masking have been heavily politicized. These affective responses to a 

charged topic like COVID-19 may alter the typical pathways through which the 

foreground-only effect is produced. Therefore, it is important to consider the roles that 

context and affective processes play in decision-making when communicating COVID-

19 risk information. 

Affective Processes in Risky Decision-Making 

 The role that affect plays in decision-making has been well-documented, and can 

vary based on numerous factors, such as the specific emotion involved (Bohm & Brun, 

2008). For instance, the Appraisal-Tendency Framework (ATF) coined by Lerner and 

Keltner (2000; 2001) suggests that fear and anger—two negative emotions--have 

opposing effects on people’s risk perception. Specifically, fear is associated with 

pessimistic judgments and increased risk perception, while anger is associated with 

optimistic judgments and lowered risk perception. Here, fear and anger operate on risk 

perception through appraisals of control over a risk, which mediates the relationship 

between emotion and risk estimates (Lerner & Keltner, 2001). Similarly, regulation of a 
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particular mood or affect may provide its own motivational processes for how an 

individual engages with decision-making under risk. Specifically, when put in risk 

scenarios involving negative affect (e.g., stress from lottery play), the depletion from 

one’s active regulation of negative affect can result in increased risky decision-making 

(Bruyneel et al., 2009). In the case of the pandemic, topics surrounding COVID-19 evoke 

negative affect, as well as specific emotions like fear and anger. For instance, the 

research by Bruyneel et al. (2009) suggests that the general negative affect associated 

with COVID-19 may be a source of depletion of resources, resulting increased risky 

behavior. Meanwhile, the research by Lerner and Keltner (2000, 2001) suggests that 

depending on whether one primarily feels fear or anger in response to COVID-19, one 

may have increased risk perception or decreased risk perception, respectively.  

 Affective processes can also impact cognition crucial to understanding risk 

information. Previous work has shown that there is an affect-gap whereby affect-rich 

outcomes (e.g., medical or life-threatening issues), relative to affect-poor outcomes (e.g., 

material losses) result in greater neglect of probability information in both numerical and 

non-numerical presentations of risk information (Suter, Pachur, & Hertwig, 2016). 

Supporting this finding, research has also shown that inducing stress has little impact on 

decision-making in affect-poor scenarios (Sokol-Hessner et al., 2016). When it comes to 

COVID-19, work by Suter, Pachur, and Hertwig (2016) and Sokol-Hessner et al. (2016) 

suggests that affect-rich content like that of the pandemic may override the bottom-up 

process through which graphs and numbers influence people’s understanding of risk 

probabilities.  
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Implications of COVID-19 on the Foreground-only Effect 

Previous work on emotion in decision-making outlines different reasons for why 

the foreground-only effect may diminish when communicating about a topic like 

COVID-19. Specifically, the different emotional responses that can potentially occur in 

response to COVID-19 will overcome the differences in salience (Chua, Yates, & Shah, 

2006; Jarvenpaa, 1990; Stone et al., 2003, 2018) and proportional reasoning properties 

(Okan et al., 2018; Reyna, 2004, 2008) between foreground-only and numerical-only 

displays in three major ways, all of which are fundamentally due greater neglect of the 

cognitive information on the display.  

First, in Lerner and Keltner’s ATF model, fear about COVID-19 will increase risk 

perception for both foreground-only and numerical-only displays, while anger about 

COVID-19 will decrease risk perception for both foreground-only and numerical-only 

displays (Lerner & Keltner, 2000, 2001). While the specific emotion dictates whether risk 

perception goes up or down, the result is that the differential impact display type typically 

has on behavior is diminished as people will equally increase or decrease in risk 

perception across both display type. Second, work by Bruyneel et al. (2009) suggests that 

the general negative affect caused by COVID-19 will create a depletion of resources that 

will decrease risk aversion equally across foreground-only and numerical-only displays. 

Third, the highly-affective content of COVID-19 will result in greater neglect of 

probability information in both foreground-only and numerical-only risk information 

(Suter, Pachur, & Hertwig, 2016). 

However, considering the type of process emotional processing falls under 

provides a competing hypothesis to the one posited above. On the other hand, previous 
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work on the foreground-only effect has suggested that foreground-only it is determined in 

part by type 1 processing (automatic) rather than type 2 processing (controlled) in that 

foreground-only displays increase risk perception and risk aversion (compared to 

numerical-only displays) through type 1 processing. Specifically, previous work has 

suggested that information in foreground-only displays are processed automatically due 

to the visual cues provided in the graphical component of these display (Casner, 1991; 

Chua et al., 2006; Jarvenpaa, 1990; Parillo, 2017; Reyna, 2008). Contrastingly, numerical 

displays lack a graphical component that induces such automatic processing of the risk 

information, and therefore require more controlled and rational thinking to understand the 

information (Ancker, 2006; Lipkus & Hollands, 1999; Parillo, 2017). Thus, given that 

emotional processing also falls under type 1 processing (Parillo, 2017), it is possible that 

the emotionality of COVID-19 would lead to an amplification of the foreground-only 

effect by amplifying the automatic processing induced by the graphical component of 

foreground-only display, thereby increasing the perceived risk in foreground-only 

displays compared to numerical-only displays.  

The Present Research 

 The present research investigated the foreground-only effect in two different 

situations, both about medical risks– one that should be relatively low on affect 

(regarding fictitious diseases) and one that should be high on affect (regarding COVID-

19). Specifically, we are interested in gathering preliminary data on whether our current 

understanding of the foreground-only effect in foreground-only vs. numerical-only 

displays would apply to a unique circumstance like the COVID-19 pandemic. To do so, 

we conducted two within-subject studies: one study on hypothetical scenarios about 
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fictitious diseases and vaccines, and the second study on hypothetical scenarios about 

COVID-19 and social distancing. The following section details the research questions 

that guided this studies. 

Research Questions 

The primary aims of the present studies are to evaluate the foreground-only effect 

in a within-subjects design, and assess whether an affect-rich context like COVID-19 

would alter the foreground-only effect. Thus, we have two primary research questions:  

RQ1) Whether differences between numerical and foreground-only displays on 

risk aversion, risk perception, user evaluation, and understanding, will occur in a within-

subjects format, and whether the magnitude of these within-subjects effect differs from 

that of between-subjects effects. In line with previous work, we predict that foreground-

only displays will increase risk aversion and risk perception (perceived risk and perceived 

risk reduction), while decreasing understanding and user evaluation compared to 

numerical-only displays (e.g., Stone et al., 2017), in both a within-subjects and between-

subjects format. 

RQ2) Whether the strength of the foreground-only effect changes based on a low-

affect topic (fictitious diseases) or a high-affect topic (COVID-19). While we predict that 

display effects will still be intact, previous work on emotions in decision-making suggest 

varying roles that emotion may play in interfering with the usual mechanism of display 

effects. Thus, we have no firm predictions regarding whether the foreground-only effect 

will be stronger or weaker in the second study on COVID-19. 
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STUDY 1 

Method 

The first study was designed to detect a within-subjects foreground-only effect 

while communicating the risk of fictitious diseases and the risk reduction provided by 

hypothetical vaccines—a low-affect risk scenario that is similar to that of previous 

research.  

Participants. Six hundred and ten adult Amazon Mechanical Turk (MTurk) users 

participated in this study for monetary compensation. Participants were recruited online 

through an advertisement on MTurk. 

Experimental stimuli. The experimental stimuli included four displays that each 

convey a different fictitious disease, along with four hypothetical vaccines created to 

reduce the risk of contracting each respective disease. The risk information of each 

disease and each vaccine were communicated side-by-side so that the leftmost 

information on the display communicates the incidence rate of a given disease without 

vaccination, while the rightmost information on the same display communicates the 

incidence rate of a given disease with the respective vaccine (see Appendix C for 

examples).  

The content of all four displays were similar to maintain consistency, but differed 

slightly to ensure there were four distinct hypothetical scenarios for participants to 

respond to. This balance between similarity and distinction was maintained in both the 

description of the risk scenario as well as the actual risk information. In terms of the 

description of the risk scenario, each fictitious disease and its corresponding vaccine was 

named similarly to reduce perceived differences between the nature of each disease. The 
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names and order of the fictitious diseases shown were “Slibitis,” “Crivitis.” “Plibitis.” 

and “Bricitis.” and their corresponding vaccines were Vaccine S, C, P, and B, 

respectively. Then, the cover story describing each disease was standardized in that each 

story included the disease symptoms, length of symptoms, potential complications, and a 

Center of Disease Control (CDC) severity rating on a 1 to 10 scale. While the actual 

symptoms and complications of each disease differed, they were similar in that all 

symptoms a) were in the cold and flu family, b) were rarely fatal, and c) had a CDC 

severity rating of 4. 

In terms of the risk information, similarities and distinctions across displays were 

created by varying the base risk and risk reduction size systematically. The base risk of 

each disease consistently fell within the range of a low probability risk but alternated 

between two possible probabilities: 10 out of 5,000 (0.2%) or 50 out of 5,000 (1%). 

Likewise, the associated vaccine of each disease reduced the base risk at one of two risk 

reduction magnitudes: a 50% risk reduction or an 80% risk reduction. Thus, the above 

considerations in the description of the risk scenarios and the actual risk information 

helped displays retain the central qualities (e.g., low probability risk, sufficient risk 

reduction) associated with the foreground-only effect while avoiding unwanted effects 

from viewing a repeated number of identical displays. 

Each of the four combinations of risk information were also displayed in either a 

numerical-only or foreground-only format, thus all participants saw two numerical-only 

displays and two foreground-only displays. The order of which display format was shown 

to participants first was counterbalanced. Thus, there were four possible conditions. The 

table below demonstrates these four possible conditions and includes details on the 
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combinations of risk information for each condition. To see the actual displays for each 

disease, refer to Appendix C. 

 

Table 1 

Study 1:  Risk Information Combinations 

Probability  

(Out of 5,000) 

Between: Condition 1 

(Foreground-only first) 

Between: Condition 2 

(Numerical-only first) 

Slibitis & Vaccine S 

10-2 (80% reduction) 

Foreground-only  

(Appendix C, Figure 1) 

Numerical-only 

(Appendix C, Figure 5) 

Crivitis & Vaccine C 

50-25 (50% reduction) 

Foreground-only 

(Appendix C, Figure 2) 

Numerical-only 

(Appendix C, Figure 6) 

Plibitis & Vaccine P 

10-5 (50% reduction) 

Numerical-only 

(Appendix C, Figure 3) 

Foreground-only 

(Appendix C, Figure 7) 

Bricitis & Vaccine B 

50-10 (80% reduction) 

Numerical-only 

(Appendix C, Figure 4) 

Foreground-only 

(Appendix C, Figure 8) 

 

This table shows the different combinations of base risk size, risk reduction size, and 

display type. 

 

 

  

Outcome measures. Below are the dependent variables measured in Study 1 that 

assess outcomes. 

Perceived risk.  Two items were used to measure participant’s perceived risk of 

each fictitious disease (Slibitis Cronbach’s α = .87), both of which were on a 7-point scale 

(see Appendix B). The first item assessed perceived risk in a deliberative manner by 

asking “what do you think are the chances of contracting the fictitious disease without a 

vaccine?” (1 = extremely low, 7 = extremely high). The second item assessed perceived 

risk in an affective manner by asking “how worried would you be about contracting the 

fictitious disease without a vaccine” (1 = not at all, 7 = extremely worried). Since both 
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items were the same scale, the deliberative and affective items were averaged to produce 

the Perceived Risk variable.  

Perceived risk reduction.  Two items were used to measure the perceived risk 

reduction from each corresponding vaccine (Slibitis Cronbach’s α = .73), both of which 

were on a 7-point scale (see Appendix B). The first item assessed perceived risk 

reduction in a deliberative manner by asking participants “in your opinion, the decrease 

in chance of contracting the fictitious disease resulting from Vaccine X is,” (1 = none and 

7 = incredibly big). The second item assessed perceived risk reduction in an affective 

manner by “how much less worried would you be about the fictitious disease if you used 

Vaccine X,” (1 = not worried at all, and 7 = extremely worried). Since both items were 

on the same scale, the deliberative and affective items were averaged to produce the 

Perceived Risk Reduction variable. 

Risk aversion. Three items were used to assess participant’s motivation to avoid 

the risks associated with each disease (Slibitis Cronbach’s α = .76), all of which were on 

a 7-point scale (see Appendix B). The first item instructed participants to assume that 

Vaccine X is the only vaccination currently available for the fictitious disease. Then the 

item asked “would you recommend the vaccine to your friends and family?” (1 = 

definitely not, 7 = definitely yes). The second item asked participants to “imagine that 

you went to a local pharmacy and saw that the clinic there was offering Vaccine X free of 

charge”. The participants were then asked “how much time would you be willing to wait 

to be vaccinated?” (1 = would not wait regardless of the wait time, 7 = would wait 

regardless of the wait time). The third item asked participants to assume that their health 

insurance does not cover the cost of vaccines for the disease, and asked “how much 
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would you be willing to pay for Vaccine X?” (1 = would not pay regardless of price, 7 = 

would pay regardless of price). Since all items were on a 7-point scale, items were 

averaged to produce the Risk Aversion variable. 

User evaluation. There were four items in the survey assessing participant’s 

opinions on the displays (Slibitis Cronbach’s α = .82), all of which were on 7-point scales 

(see Appendix B). The first item asked participants “how well did you understand the 

information you were given about the risk of the fictitious disease with and without a 

vaccine?” (1 = not at all, 7 = very well). The second item asked “how helpful was the 

display for deciding about whether to use Vaccine X?” (1 = not at all, 7 = very helpful). 

The third item asked “how much did you like the way the graph was designed?” (1 = not 

at all, 7 = very much). Finally, the fourth item asked “how much would you trust 

information represented in a graph like the one you just viewed?” (1 = not at all, 7 = very 

much). Since all four items were given on the same scale, scores were averaged across 

items to produce the User Evaluation variable. 

Procedure. The study was conducted as an online Qualtrics survey, and 

participants were recruited through Amazon Mechanical Turk (MTurk). Participants were 

shown four total displays describing different fictitious diseases and their associated 

vaccines. All participants were each shown two display types, foreground-only and 

numerical-only, with two display of each type. The order of which display type was 

shown first was counterbalanced, so participants either saw two numerical-only displays 

followed by two foreground-only displays (numerical-only display first group), or the 

reverse (foreground-only display first group). Participants were assigned to an order 

group at random using Qualtrics’ built-in randomizer. 
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Prior to viewing any displays, participants were given instructions that described 

the overall process of the study. Next, they completed a task trial with an unrelated 

activity of reading a passage and completing an active task of counting how many names 

are included in the passage before moving onto the displays (see Appendix B). The 

“continue” button normally at the bottom of the survey screen was hidden for 30 seconds 

to ensure participants spent enough time on this activity. After this, participants moved 

onto a display trial, which has participants see a display then answer the relevant outcome 

measure items (i.e., perceived risk, perceived risk reduction, risk aversion, and user 

evaluation) immediately after seeing the display, but with the display no longer visible. 

The first display trial depicted the fictitious disease Slibitis along with Vaccine S in the 

format dictated by order group the participant was randomly assigned to. The second 

display trial depicted the fictitious disease Crivitis along with Vaccine C in the same 

format as the first display trial (Slibitis). After completing two display trials with the 

same display format (either two foreground-only and two numerical-only displays), a 

break trial began in which participants read another passage and counted how many 

adjectives were included in the passage. The “continue” button was again hidden for 30 

seconds. Following the break trial, the remaining two display trials were completed. The 

third display trial depicted the fictitious disease Plibitis along with Vaccine P, and was of 

a different display type from the previous two trials. Finally, the last display trial depicted 

the fictitious disease Bricitis along with Vaccine B, and was of the same display type as 

display trial three (Plibitis). The following table illustrates the order of the trials. 
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Table 2 

 

Trial Order 

 

Trial Order 

Trial Name Trial Details 

Overall Instructions  

Task Trial: Passage 1 Counting Names 

Display Trial 1: Slibitis 50-25 (50% reduction) 

Survey Questions: Slibitis Perceived Risk, Perceived Risk Reduction, & User 

Evaluation 

Display Trial 2: Crivitis 10-2 (80% reduction) 

Survey Questions: Crivitis Perceived Risk, Perceived Risk Reduction, & User 

Evaluation 

Break/Task Trial: Passage 2 Counting Adjectives 

Display Trial 3: Plibitis 10-5 (50% reduction) 

Survey Questions: Plibitis Perceived Risk, Perceived Risk Reduction, & User 

Evaluation 

Display Trial 4: Bricitis 50-10 (80% reduction) 

Survey Questions: Bricitis Perceived Risk, Perceived Risk Reduction, & User 

Evaluation 

 

Note that risk reduction sizes were kept fixed/constant at 50% first, then 80%, in case 

there’s an order effect on willingness to pay that is specific to what size is shown first. 

 

 

 

Results 

Data cleaning and exclusions. Prior to data cleaning and exclusions, the total 

sample size of Study 1 was 610 participants (foreground-only first n = 283, numerical-

only first n = 285). Then, data were cleaned by applying several pre-determined 

exclusions prior to any analyses (foreground-only first excluded n = 44, numerical-only 

first excluded n = 43). First, participants who did not complete all four display trials were 

excluded from analyses. Specifically, those who did not respond to any items in the 
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fourth display trial were excluded from subsequent analyses (foreground-only first 

excluded n = 24, numerical-only first excluded n = 26). Second, participants who 

completed the survey on a mobile device were excluded through Qualtrics’ meta-data due 

to concerns that displays will not appear on the screen as intended when not using a 

desktop or laptop device (foreground-only first excluded n = 7, numerical-only first 

excluded n = 10). Third, duplicate entries from the same Mturk Worker ID were removed 

(foreground-only first excluded n = 1, numerical-only first excluded n = 0), while the 

original entry submitted earliest among the duplicates was kept in the analysis. Finally, 

participants who spent less than half the median duration (median duration was 583 

seconds, so < 291.5 seconds) were excluded as a means of regulating the quality of data 

(foreground-only first excluded n = 12, numerical-only first excluded n = 7). After 

exclusions were applied in the order above, the remaining sample size was n = 474 

(foreground-only first n = 236, numerical-only first n = 238). 

Display effects. This section reports the results of both within-subjects and 

between-subjects display effects on measures included in Study 1. Data were analyzed 

differently for within-subjects and between-subjects display effects.  

In order to consider all observations of each display type in the within-subjects 

analyses, dependent variables of each trial within a trial group were z-scored then 

averaged. Specifically, the Slibitis and Crivitis trials contained the same display type and 

were thus z-scored then averaged together to create the first trial group. Meanwhile, 

Plibitis and Bricitis trials both contained the other display type, and were z-scored then 

averaged to create the second trial group. The trials were z-scored prior to averaging due 
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to the slight differences in the actual risk information, making it necessary to standardize 

the dependent variables prior to combining.  

As previously mentioned, which display type was shown first was 

counterbalanced between participants through trial groupings. Meaning that for those 

who had a display order of foreground-only displays first, the first trial group (Slibitis & 

Crivitis) contained foreground-only displays while the second trial group (Plibitis & 

Bricitis) contained numerical-only displays. Those who had a display order of numerical-

only displays first had the reverse mapping of trial group to display type. Thus, for 

within-subject analyses, the interaction of display order by trial group compares the 

impact of foreground-only displays versus numerical-only displays on outcome measures. 

Specifically, mixed two-way ANOVA tests with trial grouping (group 1: Slibitis & 

Crivitis, group 2: Plibitis & Bricitis) as the within group variable, and display order 

(foreground-only first, numerical-only first) as the between group variable were run to 

investigate within-subjects display effects. 

For between-subjects display effects, only the first display trial depicting Slibitis 

was used to assess display effects. While a method like multi-level modelling would 

include all available data in the analysis, an independent t-test on only the Slibitis trial 

was elected instead due to its greater compatibility with the central aim of the current 

work. Specifically, one of the aims of the current work is to compare within-subjects 

analyses to between-subjects analyses traditionally used in previous studies, only the 

Slibitis trial was considered in the between-subjects analyses (e.g., Stone et al., 2017). 

Furthermore, since there is a concern that subsequent trials can be influenced by 

carryover effects, comparing only the first trial (rather than using a multi-level modelling 
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design) would provide a more “pure” test of display effect between subjects. Thus, 

dependent variables for between-subjects analyses are in the original scale detailed in the 

Study 1 Methods section. For a summary of the descriptive statistics for Perceived Risk 

and Perceived Risk Reduction, Risk Aversion, and User Evaluation per display trial in 

their original scales, see table 3.  

 

Table 3 

Descriptive Statistics for Outcome Measures Per Fictitious Disease Scenario 

 Slibitis Crivitis Plibitis Bricitis 

Measure 

Type 

F-O 

M(SD) 

N-O 

M(SD) 

F-O 

M(SD) 

N-O 

M(SD) 

F-O 

M(SD) 

N-O 

M(SD) 

F-O 

M(SD) 

N-O 

M(SD) 

Perceived 

Risk 

4.67 

(1.56) 

4.15 

(1.73) 

3.83 

(1.88) 

3.89 

(2.01) 

4.09 

(1.85) 

3.75 

(1.88) 

4.85 

(1.61) 

4.35 

(1.65) 

Perceived 

Risk 

Reduction 

4.89 

(1.32) 

4.61 

(1.45) 

4.46 

(1.63) 

4.59 

(1.75) 

4.38 

(1.67) 

4.19 

(1.68) 

5.04 

(1.48) 

4.67 

(1.50) 

Risk 

Aversion 

4.44 

(1.29) 

4.23 

(1.51) 

3.87 

(1.44) 

4.01 

(1.71) 

3.97 

(1.57) 

3.73 

(1.37) 

4.55 

(1.50) 

4.13 

(1.31) 

User 

Evaluation 

5.59 

(1.02) 

5.73 

(1.01) 

5.64 

(1.08) 

5.85 

(1.00) 

5.21 

(1.30) 

5.50 

(1.15) 

5.40 

(1.21) 

5.52 

(1.09) 

Note. F-O = Foreground-only, N-O = Numerical-only. 

 

 

 

 Perceived risk. The following addresses a) the within-subjects display effect on 

perceived risk scores across trial groupings, and b) the between-subjects display effect on 

perceived risk scores in the Slibitis trial. 

Within-subjects analysis. A mixed two-way ANOVA test with trial grouping 

(group 1: Slibitis & Crivitis, group 2: Plibitis & Bricitis) as the within group variable, and 

display order (foreground-only first, numerical-only first) as the between group variable 

was run to investigate the effect of display type on perceived risk. The ANOVA showed 
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an interaction where the effect of trial grouping was significantly different for the two 

display orders F(1, 472) = 61.64, p < 0.001. Then, the ANOVA was followed by paired t-

tests that showed foreground-only displays induced greater risk perception compared to 

numerical-only displays within each trial group. Specifically, participants who saw the 

foreground-only display first perceived greater risk in the first trial group, i.e., those 

scenarios presented with a foreground-only display (M = 0.72, SD = 0.85) than in the 

second trial group, i.e., those scenarios presented with a numerical-only display (M = 

-0.12, SD = 0.94), t(235) = 5.65, p < 0.001. Likewise, participants who saw the 

numerical-only display first perceived lower risk in the first trial group i.e., those 

scenarios presented with a numerical-only display (M = -0.72, SD = 0.99) than in the 

second trial group, i.e., those scenarios presented with a foreground-only display (M = 

0.12, SD = 0.91) , t(237) = 5.46, p < 0.001. In other words, foreground-only displays also 

induced greater perceived risk than numerical-only displays in the numerical-only first 

display order. Thus, the results support the hypothesis that reading foreground-only 

displays increase one’s perceived risk compared to reading numerical-only displays. 

 

 

Table 4 

Perceived Risk Average Z-Scores by Display Order and Display Trial Groupings 

Display Order n 

Trial Group 1 

(Slibitis & Crivitis) 

Display Type: M(SD) 

Trial Group 2  

(Plibitis & Bricitis) 

Display Type: M(SD) 

Foreground-only First 236 F-O: 0.72(0.85) N-O: -0.122(0.94) 

Numerical-only First 238 N-O: -0.72(0.99) F-O: 0.121(0.91) 

Note: F-O = foreground-only, N-O = numerical-only. Values are in z-score format. 
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Between-subjects analysis. An independent samples t-test was run on the Slibitis 

trial to investigate whether effect of display type on perceived risk is replicated in this 

sample. The t-test revealed that those viewing a foreground-only display (M = 4.67, SD = 

1.56) perceived the risk as greater than those viewing a numerical-only display (M = 

4.15, SD = 1.73) for Slibitis, t(472) = 3.49, p = 0.001. Thus, this result supports the 

hypothesis that participants perceive risk to be greater while viewing foreground-only 

displays compared to numerical-only displays. 

Perceived risk reduction. The following addresses a) the within-subjects display 

effect on perceived risk reduction scores across trial groupings, and b) the between-

subjects display effect on perceived risk reduction scores in the Slibitis trial. 

Within-subjects analysis. A mixed two-way ANOVA test with trial grouping 

(group 1: Slibitis & Crivitis, group 2: Plibitis & Bricitis) as the within group variable, and 

display order (foreground-only first, numerical-only first) as the between group variable 

was run to investigate the effect of display type on perceived risk reduction. The 

ANOVA showed an interaction where the effect of trial grouping was significantly 

different for the two display orders F(1, 472) = 18.27, p < 0.001. Then, the ANOVA was 

followed by paired t-tests that showed foreground-only displays induced greater 

perceived risk reduction compared to numerical-only displays within each trial group. 

Specifically, participants who saw the foreground-only display first perceived greater risk 

reduction in the first trial group, i.e., those scenarios presented with a foreground-only 

display (M = 0.03, SD = 0.82) than in the second trial group, i.e., those scenarios 

presented with a numerical-only display (M = -0.09, SD = 0.93), t(235) = 2.98, p = 0.003. 

Likewise, participants who saw the numerical-only display first perceived lower risk 
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reduction in the first trial group i.e., those scenarios presented with a numerical-only 

display (M = -0.03, SD = 0.96) than in the second trial group, i.e., those scenarios 

presented with a foreground-only display (M = 0.09, SD = 0.90), t(237) = 3.07, p = 0.002. 

In other words, foreground-only displays also induced greater perceived risk than 

numerical-only displays in the numerical-only first display order. Thus, the results 

support the hypothesis that reading foreground-only displays increase one’s perceived 

risk compared to reading numerical-only displays. 

 

 

Table 5 

Perceived Risk Reduction Average Z-Scores by Display Order and Display Trial 

Groupings 

 

Display Order n 

Trial Group 1 

(Slibitis & Crivitis) 

Display Type: M(SD) 

Trial Group 2  

(Plibitis & Bricitis) 

Display Type: M(SD) 

Foreground-only First 236 F-O: 0.03(0.82) N-O: -0.09(0.93) 

Numerical-only First 238 N-O: -0.03(0.96) F-O: 0.09(0.90) 

Note: F-O = foreground-only, N-O = numerical-only. Values are in z-score format. 

 

 

 

Between-subjects analysis. An independent samples t-test was run on the Slibitis 

trial to investigate whether effect of display type on perceived risk reduction is replicated 

in this sample. The t-test revealed that those viewing a foreground-only display (M = 

4.89, SD = 1.32)  perceived the risk reduction as greater than those viewing a numerical-

only display (M = 4.61, SD = 1.45) for Slibitis, t(472) = 2.17, p = 0.03. Thus, this result 

supports the hypothesis that participants perceive the risk reduction to be greater while 

viewing foreground-only displays compared to numerical-only displays. 
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Risk aversion. The following addresses a) the within-subjects display effect on 

risk aversion scores across trial groupings, and b) the between-subjects display effect on 

risk aversion scores in the Slibitis trial. 

Within-subjects analysis. A mixed two-way ANOVA test with trial grouping 

(group 1: Slibitis & Crivitis, group 2: Plibitis & Bricitis) as the within group variable, and 

display order (foreground-only first, numerical-only first) as the between group variable 

was run to investigate the effect of display type on risk aversion. The ANOVA showed an 

interaction where the effect of trial grouping was significantly different for the two 

display orders F(1, 472) = 33.75, p < 0.001. Then, the ANOVA was followed by paired t-

tests that showed foreground-only displays induced greater risk aversion compared to 

numerical-only displays within each trial group. Specifically, participants who saw the 

foreground-only display first were more risk averse in the first trial group, i.e., those 

scenarios presented with a foreground-only display (M = 0.02, SD = 0.80) than in the 

second trial group, i.e., those scenarios presented with a numerical-only display (M =  

-0.11, SD = 0.86), t(235) = 3.91, p < 0.001. Likewise, participants who saw the 

numerical-only display first were less risk averse in the first trial group i.e., those 

scenarios presented with a numerical-only display (M = -0.02, SD = 1.01) than in the 

second trial group, i.e., those scenarios presented with a foreground-only display (M = 

0.11, SD = 1.00), t(237) = 4.34, p < 0.001. In other words, foreground-only displays also 

induced greater risk aversion than numerical-only displays in the numerical-only first 

display order. Thus, the results support the hypothesis that reading foreground-only 

displays increases risk aversion compared to reading numerical-only displays. 
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Between-subjects analysis. An independent samples t-test was run on the Slibitis 

trial to investigate whether effect of display type on risk aversion is replicated in this 

sample. The t-test revealed that those viewing a foreground-only display (M = 4.44, SD = 

1.29) were more risk averse those viewing a numerical-only display (M = 4.23, SD = 

1.51) for Slibitis, but not significantly so, t(472) = 1.63, p = 0.105. It is also important to 

note that while the t-test was a two-tailed test, an argument could be made for interpreting 

the results as a one-tailed t-test due to having an a priori, directional hypothesis. Thus, 

while the effect did not reach significance, the descriptive statistics are in line with 

previous findings on how display type impacts risk aversion.  

 

 

Table 6 

Risk Aversion Average Z-Scores by Display Order and Display Trial Groupings 

Display Order n 

Trial Group 1 

(Slibitis & Crivitis) 

Display Type: M(SD) 

Trial Group 2  

(Plibitis & Bricitis) 

Display Type: M(SD) 

Foreground-only First 236 F-O: 0.02(0.80) N-O: -0.11(0.86) 

Numerical-only First 238 N-O: -0.02(1.01) F-O: 0.11(1.00) 

Note: F-O = foreground-only, N-O = numerical-only. Values are in z-score format. 

User evaluation. The following addresses a) the within-subjects display effect on 

perceived risk reduction scores across trial groupings, and b) the between-subjects 

display effect on perceived risk reduction scores in the Slibitis trial. 

Within-subjects analysis. A mixed two-way ANOVA test with trial grouping 

(group 1: Slibitis & Crivitis, group 2: Plibitis & Bricitis) as the within group variable, and 

display order (foreground-only first, numerical-only first) as the between group variable 

was run to investigate the effect of display type on user evaluation. The ANOVA showed 
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an interaction where the effect of trial grouping was significantly different for the two 

display orders F(1, 472) = 18.10, p < 0.001. Then, the ANOVA was followed by paired t-

tests that showed numerical-only displays induced greater user evaluation compared to 

foreground-only displays within each trial group. Specifically, participants who saw the 

foreground-only display first gave lower user evaluation scores in the first trial group, 

i.e., those scenarios presented with a foreground-only display (M = -0.08, SD = 0.99) than 

in the second trial group, i.e., those scenarios presented with a numerical-only display (M 

= 0.09, SD = 0.91), t(235) = 3.11, p = 0.002. Likewise, participants who saw the 

numerical-only display first gave greater user evaluation scores in the first trial group i.e., 

those scenarios presented with a numerical-only display (M = 0.08, SD = 0.92) than in the 

second trial group, i.e., those scenarios presented with a foreground-only display (M =  

-0.09, SD = 0.99), t(237) = 2.92, p = 0.004. In other words, foreground-only displays 

were also given lower user evaluation scores than numerical-only displays in the 

numerical-only first display order. Thus, the results support the hypothesis that reading 

foreground-only displays decrease user evaluation compared to reading numerical-only 

displays. 

 

 

Table 7 

User Evaluation Average Z-Scores by Display Order and Display Trial Grouping 

Display Order n 

Trial Group 1 

(Slibitis & Crivitis) 

Display Type: M(SD) 

Trial Group 2  

(Plibitis & Bricitis) 

Display Type: M(SD) 

Foreground-only First 236 F-O: -0.08(0.99) N-O: 0.09(0.91) 

Numerical-only First 238 N-O: 0.08(0.92) F-O: -0.09(0.99) 

Note: F-O = foreground-only, N-O = numerical-only. Values are in z-score format. 
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Between-subjects analysis. An independent samples t-test was run on the Slibitis 

trial to investigate whether effect of display type on user evaluation is replicated in this 

sample. The t-test revealed that those viewing a foreground-only display (M = 5.59, SD = 

1.02) gave lower user evaluation scores than those viewing a numerical-only display (M 

= 5.73, SD = 1.00) for Slibitis, but not significantly so, t(472) = 1.52, p = 0.13. Thus, 

while the effect did not reach significance, the descriptive statistics are in line with 

previous findings that participants give lower user evaluation scores to foreground-only 

displays compared to numerical-only displays. 

Discussion 

 The within and between-subjects analyses in Study 1 showed overall support for 

previously documented display effects on Perceived Risk, Perceived Risk Reduction, 

Risk Aversion, and User Evaluation. Specifically, within-subjects analyses revealed that 

differences across all outcome measures (Perceived Risk, Perceived Risk Reduction, Risk 

Aversion, and User Evaluation) were significant. Similarly, between-subjects analyses 

revealed significant support for Perceived Risk and Perceived Risk Reduction. While the 

between-subjects effects on Risk Aversion and User Evaluation did not reach 

significance, the means of each group align with findings from previous research that 

suggest foreground-only displays increase Risk Aversion while decreasing User 

Evaluation, compared to numerical-only displays. 

 The display effects were generally stronger in the within-subjects analyses based 

on smaller p-values. For instance, effects on two of the dependent variables (Risk 

Aversion and User Evaluation) did not reach significance in the between-subjects 

analysis, but were significant in the within-subjects analysis. Additionally, stronger 
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effects in the within-subjects analyses compared to the between-subjects analyses were 

also confirmed by moderately to substantially greater effect sizes for within-subjects 

effects compared to between-subjects effects (see table 8 for Cohen’s d values). This 

general pattern suggests that within-subjects analyses are more sensitive to differences in 

outcome measures between display type, and the potential reasons for which are 

elaborated on in the general discussion.  

 

 

Table 8 

Effect Size (Cohen’s d) for Between and Within-Subjects’ Display Effects in Study 1 and 

Study 2 

 

 Perceived Risk 

Perceived 

Risk 

Reduction 

Risk 

Aversion 

User 

Evaluation 
Understanding 

 Betwe

en 

Withi

n 

Betwe

en 

With

in 

Betwe

en 

Withi

n 

Betwe

en 

With

in 

Betwe

en 

Withi

n 

Study 

1 
0.321 0.722 0.203 0.394 0.15 0.54 0.14 0.39 N/A N/A 

Study 

2 
0.41 0.57 0.23 0.22 0.23 0.39 0.19 1.17 0.91 1.02 

           

Note. All values are in Cohen’s d. Within-subjects’ effects were converted from partial 

eta square to Cohen’s d for comparability. 

  

 
1 Between-subjects effect for only the first Perceived Risk item is similar at Cohen’s d = 0.30. 
2 Within-subjects effect for only the first Perceived Risk item is similar at Cohen’s d = 0.69. 
3 Between-subjects effect for only the first Perceived Risk Reduction item is similar at Cohen’s d = 0.20. 
4 Within-subjects effect for only the first Perceived Risk Reduction item is similar at Cohen’s d = 0.36. 
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STUDY 2 

Method 

The second study largely mimicked the procedure and materials of Study 1, with 

the caveat of communicating a high-affect, real-world risk scenario. Specifically, Study 2 

modified the methods of Study 1 to communicate hypothetical scenarios of COVID-19 

mortality risks and social distancing policies proposed to reduce each COVID-19 

mortality risk. Furthermore, while Study 1 did not include risk understanding, we 

included risk understanding items in Study 2. The reason for the addition of 

understanding in Study 2 is due to the important applied goal of knowing which type of 

display leads to the highest level of understanding. Although understanding is relevant to 

any scenario, it is particularly important for COVID-19 given that it’s an ongoing health 

crisis that would directly be helped by using displays that are known to promote risk 

communication goals. to the importance of people’s understanding when discussing 

COVID-19 mortality risks.  

The second study also had several changes outside of the COVID-19 context. 

First, Study 2 uses Prolific instead of Mturk, an alternative platform based in the United 

Kingdom that is known for higher quality of data than Mturk due to being a newer 

platform (and thus includes a more naïve and realistic participant population). Next, 

Study 2 only included the deliberative Risk Perception and Perceived Risk items and did 

not use worry items. This was due to changing the wording in these items from being 

about the individual’s risk to the risk of dying from COVID-19 in general, which cues the 

participant to answer the survey using the information from the study, rather than using 

information about their individual COVID-19 risk. While this was compatible with the 
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deliberative item, it was impractical to use this wording for the worry item, and thus the 

latter was removed. 

Participants. Data for Study 2 was taken from a larger study that included 

conditions not of interest to the current research. The larger study that Study 2 draws 

from included six hundred thirty six adult (Mode = 26 to 35 years old) Prolific users 

(42.6% female) that participated in the study for monetary compensation. However, the 

data actually used in Study 2 included three hundred fourteen adult Prolific users. 

Participants were recruited online through an advertisement on Prolific. 

Experimental stimuli. Similar to Study 1, the experimental stimuli in Study 2 

included four displays that each conveyed a different fictitious country’s COVID-19 

mortality risk, along with the hypothetical social distancing policy created to reduce the 

risk of mortality from COVID-19. The physical placement of the risk information on the 

screen was done in the same fashion as that of displays in Study 1 (see Appendix E for 

examples).  

As with Study 1, the four displays were similar to maintain consistency but 

differed slightly to ensure there were four distinct hypothetical scenarios for participants 

to respond to. Each display included a cover story that a) introduced the country through 

its unique characteristics, b) conveyed the country was afflicted with COVID-19, and c) 

conveyed the country’s consideration of a social distancing policy. The risk information 

for each country was varied systematically through their base risk and risk reduction size. 

Specifically, the base COVID-19 mortality risk was either 20 out of 1,000 (2%) or 50 out 

of 1,000 (5%), while the social distancing policies reduced the risk of mortality from 

COVID-19 at either a 50% risk reduction or an 80% risk reduction.  
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The base COVID-19 mortality risks were roughly based on actual COVID-19 

mortality rates in different countries during late April of 2020. Specifically, in order to 

base our hypothetical COVID-19 information on realistic and plausible statistics, we 

gathered current mortality rates from 218 countries (Johns Hopkins Coronavirus 

Resource Center, 2020; World Health Organization, 2020) and rounded them up to the 

hundredth decimal. Most countries seem to hover between 0.01 (1%) and 0.05 (5%) 

mortality, and the modality of mortality rates were most concentrated around 0.01 (1%) 

and 0.03 (3%). We chose to stay within the realistic range of 1-5% mortality rates by 

choosing 2% and 5% as our two alternating base risk rates. Choosing 2% and 5% base 

risk rates allows us to a) keep our hypothetical scenarios realistic, reduce misinformation, 

and increase believability, and b) keep our research questions intact by making it so the 

risk reduction scenarios (50% reduction and 80% reduction) will be realistic as well. 

Thus, for these reasons, the numerators used in the risk information for Study 2 differ 

slightly from the numerators used in the risk information for Study 1. 

Each of the four combinations of risk information were displayed in either a 

numerical-only or foreground-only format, with order of which display format was 

shown first counterbalanced between-subjects. The order group that participants were 

assigned to were again assigned at random through Qualtrics. Finally, the fictitious 

countries were given generic names of “Country W,” “Country X,” “Country Y,” and 

“Country Z.” The social distancing policy for each scenario w1s named after the 

associated country (e.g., “social distancing policy in Country W”). The table below 

summarizes the different combinations of display type and risk information for each 
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disease and its respective social distancing policy. To see the actual displays for each 

disease, refer to Appendix E. 

 

Table 9 

 

Study 2:  Risk Information Combinations 

 

Probability  

(Out of 1,000) 

Between: Condition 1 

(Foreground-only first) 

Between: Condition 2 

(Numerical-only first) 

Country W 

20-4 (80% reduction) 

Foreground-only  

(Appendix E, Figure 1) 

Numerical-only 

(Appendix E, Figure 1) 

Country X 

50-25 (50% reduction) 

Foreground-only 

(Appendix E, Figure 2) 

Numerical-only 

(Appendix E, Figure 2) 

Country Y 

20-10 (50% reduction) 

Numerical-only 

(Appendix E, Figure 3) 

Foreground-only 

(Appendix E, Figure 3) 

Country Z 

50-10 (80% reduction) 

Numerical-only 

(Appendix E, Figure 4) 

Foreground-only 

(Appendix E, Figure 4) 

This table shows the different combinations of base risk size, risk reduction size, and 

display type. The table refers to figures in Appendix E for each combination of risk 

information. 

 

 

 

Outcome Measures.  

Perceived risk.  Only one item was used to measure participant’s perceived risk of 

COVID-19 mortality in each country, which was on a 7-point scale (see Appendix D). 

Only one item was used because the deliberate item directly asking participants about 

their perception of the risk is no longer in terms of the individual’s perceived risk. While 

this makes sense for this item, this type of wording is not compatible with asking about 

worry. Thus, the worry item was removed, and only the first perceived risk item from 

Study 1 was adapted in Study 2 to create the Perceived Risk variable. 

Perceived risk reduction.  For the same reason as Perceived Risk, only one item 

was used to measure the perceived risk reduction from each corresponding social 
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distancing policy, which was on a 7-point scale (see Appendix D). These items were 

adapted from Study 1 and were also averaged to create the Perceived Risk Reduction 

variable.  

Risk aversion. Three items were used to assess participant’s motivation to avoid 

the risks associated with each disease (Cronbach’s α = 0.51) (see Appendix D). These 

items were roughly adapted from Study 1, with several important changes to 

accommodate the COVID-19 topic. The first item asked “would you support the 

implementation of a social distancing policy in Country X?” (1 = definitely not, 7 = 

definitely yes). The second item told participants to “assume that social distancing 

measures will cost the government more expenses than usual, and that they are asking for 

taxpayers to help cover the cost.” The participants were then asked “how much extra in 

taxes would you be willing to pay to support a social distancing policy in Country X?” (1 

= zero percent of monthly income, 7 = more than twenty percent of monthly income). 

The third item told participants to assume that “the global health authorities are interested 

in spending money on education efforts to promote social distancing measures as a means 

of reducing COVID-19 related mortalities in Country X.” Then they were asked “What 

percentage of the budget would you suggest the WHO allocate towards supporting social 

distancing education efforts in Country X?” (1 = zero percent, 11 = ninety percent to one 

hundred percent). Since items were on different scales, items were first z-scored then 

averaged to produce the Risk Aversion variable. 

Risk understanding. There were two items in the survey assessing risk 

understanding (Cronbach’s α = 0.82) (see Appendix D). The first item asked participants 

to fill in the numerator of the risk proportion for the fictitious country’s COVID-19 
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mortality risk without any social distancing policies. Then, the second item asked 

participants to fill in the numerator of the risk proportion for the fictitious country’s 

COVID-19 mortality risk with a social distancing policy. Specifically, participants were 

asked to fill in how many “out of every 1,000 people infected with COVID-19 will die 

without [with] social distancing measures in Country X.” 

While previous studies have broken down understanding items into four 

subcategories of understanding indices (e.g., absolute verbatim, relative verbatim, 

absolute gist, and relative gist), this study opted for the most common understanding sub-

index, the absolute verbatim sub-index.  

For understanding, participants were evaluated as correct if they answered the 

exact numerators for the incidence rates of COVID-19 mortality risks with and without a 

social distancing policy (score of 1 for each correct numerator). Scores on these items 

were summed, producing a measure of absolute verbatim understanding that ranged from 

0 to 2.  

User evaluation. There were four items in the survey assessing participant’s 

opinions on the displays (Cronbach’s α = .83), all of which were on a 7-point scale (see 

Appendix D). These items were adapted from Study 1 and were averaged to create the 

User Evaluation variable.  

Procedure. The study was conducted as an online Qualtrics survey, and 

participants were recruited through Prolific. Participants were shown four total displays 

describing different fictitious country’s COVID-19 mortality rates and the associated 

social distancing policy under consideration. Participants were shown two display types, 

foreground-only and numerical-only, with two display of each type. The order of which 
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display type was shown first was again counterbalanced between participants, and 

participants were assigned an order group at random through Qualtrics. The procedure of 

the study followed the procedure of Study 1, except with fictitious countries instead of 

fictitious diseases as the risk scenarios (i.e., Country W, Country X, Country Y, and 

Country Z). The following table illustrates the order of the trials. As with Study 1, 

participants first completed a task trial where they counted names in a reading passage, 

then completed two display trials of the same display type (Country W, then Country X). 

 

 

Table 10 

 

Study 2:  Trial Order 

 

Trial Order 

Trial Name Trial Details 

Overall Instructions  

Task Trial: Passage 1 Counting Names 

Display Trial 1: Country W 20-4 (80% reduction) 

Survey Questions: Country W Perceived Risk, Perceived Risk Reduction, Risk 

Understanding, & User Evaluation 

Display Trial 2: Country X 50-25 (50% reduction) 

Survey Questions: Country X Perceived Risk, Perceived Risk Reduction, Risk 

Understanding, & User Evaluation 

Task/Break Trial: Passage 2 Counting Adjectives 

Display Trial 3: Country Y 20-10 (50% reduction) 

Survey Questions: Country Y Perceived Risk, Perceived Risk Reduction, Risk 

Understanding, & User Evaluation 

Display Trial 4: Country Z 50-10 (80% reduction) 

Survey Questions: Country Z Perceived Risk, Perceived Risk Reduction, Risk 

Understanding, & User Evaluation 

Table 10. Note that risk reduction sizes were kept fixed/constant at 50% first, then 80%, 

in case there’s an order effect on willingness to pay that is specific to what size is shown 

first. 
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Next, they completed a break trial where they counted adjectives in a reading passage 

before moving onto the last two display trials of a different display type (Country Y, then 

Country Z). 

 

Results 

Data cleaning and exclusions. Prior to data cleaning and exclusions, the total 

sample size of Study 2 was 314 participants (foreground-only first n = 158, numerical-

only first n = 156). Note that as mentioned in the Study 2 methods, the relevant 

conditions were a subset of a larger study (n = 636). As with Study 1, data were cleaned 

by applying several pre-determined exclusions prior to any analyses (foreground-only 

first excluded n = 33, numerical-only first excluded n = 26). First, participants who did 

not respond to any items in the fourth display trial were excluded from subsequent 

analyses (foreground-only first excluded n = 6, numerical-only first excluded n = 3). 

Second, participants who completed the survey on a mobile device were excluded 

through Qualtrics’ meta-data due to concerns that displays will not appear on the screen 

as intended when not using a desktop or laptop device (foreground-only first excluded n 

= 19, numerical-only first excluded n = 18). Unlike Study 1, there were no duplicate 

responses based on Prolific’s Worker ID, so no entries were removed based on this 

exclusion. Finally, participants who spent less than half the median duration (median 

duration was 811 seconds, so < 405.5 seconds) were excluded as a means of regulating 

the quality of data (foreground-only first excluded n = 8, numerical-only first excluded n 

= 5). After exclusions were applied in the order above, the remaining sample size was n 

= 253 (foreground-only first n = 123, numerical-only first n =130). 
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Display effects. This section reports the results of both within-subjects and 

between-subjects display effects on measures included in Study 2. Following the same 

logic as Study 1, data analyzed differently for within-subjects and between-subjects 

display effects.  

For within-subjects effects, dependent variables of each trial within a trial group 

were z-scored then averaged for the same reasons illustrated in Study 1. In this study, the 

trial groups were a) Country W and Country X trials, and b) Country Y and Country Z 

trials. With these z-scored averages, mixed two-way ANOVA tests with trial grouping 

(group 1: Country W & Country X, group 2: Country Y & Country Z) as the within group 

variable, and display order (foreground-only first, numerical-only first) as the between 

group variable were run to investigate within-subjects display effects. 

For between-subjects display effects, an independent samples t-test was ran on 

only the first display trial depicting Country W as a means of assessing display effects. 

This method was opted over multi-level modelling analysis due to the aim of comparing 

within-subjects effects to the traditional method used in previous work. For a summary of 

the descriptive statistics for Perceived Risk and Perceived Risk Reduction, Risk 

Aversion, User Evaluation, and understanding per display trial in their original scales, see 

table 11.  

 Perceived risk. The following addresses a) the within-subjects display effect on 

perceived risk scores across trial groupings, and b) the between-subjects display effect on 

perceived risk scores in the Country W trial. 
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Table 11 

Descriptive Statistics for Outcome Measures Per Fictitious Country 

 Country W Country X Country Y Country Z 

Measure Type 
F-O 

M(SD) 

N-O 

M(SD) 

F-O 

M(SD) 

N-O 

M(SD) 

F-O 

M(SD) 

N-O 

M(SD) 

F-O 

M(SD) 

N-O 

M(SD) 

Perceived 

Risk 

4.63 

(1.74) 

3.92 

(1.78) 

5.24 

(1.51) 

4.75 

(1.69 

4.29 

(1.74) 

4.37 

(1.72) 

5.36 

(1.57) 

5.37 

(1.64) 

Perceived 

Risk 

Reduction 

5.25 

(1.90) 

4.83 

(1.77) 

4.75 

(1.54) 

4.47 

(1.60) 

4.17 

(1.59) 

4.35 

(1.64) 

5.18 

(1.92) 

5.22 

(1.87) 

Risk Aversion 
0.08 

(0.73) 

-0.08 

(0.70) 

0.08 

(0.68) 

-0.8 

(0.80) 

-0.01 

(0.76) 

0.01 

(0.76) 

-0.01 

(0.78) 

0.01 

(0.69) 

Understanding 
0.99 

(0.88) 

1.71 

(0.68) 

1.40 

(0.84) 

1.78 

(0.63) 

1.75 

(0.63) 

1.74 

(0.66) 

1.66 

(0.62) 

1.83 

(0.52) 

User 

Evaluation 

5.62 

(1.13) 

5.83 

(1.01) 

5.52 

(1.17) 

5.80 

(1.08) 

4.74 

(1.41) 

5.89 

(1.10) 

4.68 

(1.44) 

6.00 

(1.01) 

Note. F-O = Foreground-only, N-O = Numerical-only 

 

 

 

Within-subjects analysis. A mixed two-way ANOVA test with trial grouping 

(group 1: Country W & Country X, group 2: Country Y & Country Z) as the within group 

variable, and display order (foreground-only first, numerical-only first) as the between 

group variable was run to investigate the effect of display type on perceived risk. The 

ANOVA showed a significant interaction where the effect of trial grouping was 

significantly different for the two display orders F(1, 251) = 20.428, p < 0.001. Then, the 

ANOVA was followed by paired t-tests that showed foreground-only displays induced 

greater risk perception compared to numerical-only displays within each trial group. 

Specifically, participants who saw the foreground-only display first perceived greater risk 

in the first trial group, i.e., those scenarios presented with a foreground-only display (M = 

0.18, SD = 0.85) than in the second trial group, i.e., those scenarios presented with a 

numerical-only display (M = 0.01, SD = 0.92), meaning that for these participants, 
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foreground-only displays induced greater perceived risk than numerical-only displays, 

t(122) = 3.24, p = 0.002. Likewise, participants who saw the numerical-only display first 

perceived lower risk in the first trial group i.e., those scenarios presented with a 

numerical-only display (M = -0.17, SD = 0.94) than in the second trial group, i.e., those 

scenarios presented with a foreground-only display (M = -0.01, SD = 0.93), meaning that 

for these participants, foreground-only displays induced greater perceived risk than 

numerical-only displays, t(129) = 3.15, p = 0.002. Thus, the results support the 

hypothesis that reading foreground-only displays increase one’s perceived risk compared 

to reading numerical-only displays. 

 

 

 

Table 12 

Perceived Risk Average Z-Scores by Display order and Display Trial Groupings 

Display order 

n Trial Group 1 M(SD) 

(Country W & Country X) 

Display Type: M(SD) 

Trial Group 2 M(SD) 

(Country Y & Country Z) 

Display Type: M(SD) 

Foreground-only 

First 

236 
F-O: 0.18 (0.85) N-O: 0.01(0.92) 

Numerical-only 

First 

238 
N-O: -0.17(0.94) F-O: -0.01(0.93) 

Note: F-O = foreground-only, N-O = numerical-only. Values are in z-score format. 

 

 

 

Between-subjects analysis. An independent samples t-test was run on the Country 

W trial to investigate whether effect of display type on perceived risk is replicated in this 

sample. The t-test revealed that those viewing a foreground-only display (M = 4.63, SD = 

1.74) perceived the risk as greater than those viewing a numerical-only display (M = 

3.92, SD = 1.78) for Country W, t(251) = 3.25, p = 0.001. Thus, this result supports the 
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hypothesis that participants perceive risk to be greater while viewing foreground-only 

displays compared to numerical-only displays. 

Perceived risk reduction. The following addresses a) the within-subjects display 

effect on perceived risk reduction scores across trial groupings, and b) the between-

subjects display effect on perceived risk reduction scores in the Country W trial. 

Within-subjects analysis. A mixed two-way ANOVA test with trial grouping 

(group 1: Country W & Country X, group 2: Country Y & Country Z) as the within group 

variable, and display order (foreground-only first, numerical-only first) as the between 

group variable was run to investigate the effect of display type on perceived risk 

reduction. The interaction did not quite reach significance, however, the p-value is 

approaching significance, F(1, 251) = 3.16, p = 0.08. Furthermore, the direction of group 

means is aligned with the foreground-only effect. To further investigate this, the ANOVA 

was followed by t-tests for each display order group. Specifically, participants who saw 

the foreground-only display first perceived greater risk reduction in the first trial group, 

i.e., those scenarios presented with a foreground-only display (M = 0.10, SD = 0.88) than 

in the second trial group, i.e., those scenarios presented with a numerical-only display (M 

= 0.03, SD = 0.91), but not significantly so, t(122) = 1.33, p = 0.19. Likewise, 

participants who saw the numerical-only display first perceived lower risk reduction in 

the first trial group i.e., those scenarios presented with a numerical-only display (M = -

0.10, SD = 0.87) than in the second trial group, i.e., those scenarios presented with a 

foreground-only display (M = -0.03, SD = 0.92), but not significantly so, t(129) = 1.19, p 

= 0.24. Thus, while the effects did not reach significance, the results align with previous 
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findings that foreground-only displays increase one’s perceived risk reduction compared 

to reading numerical-only displays. 

 

 

 

Table 13 

Perceived Risk Reduction Average Z-Scores by Display Order and Display Trial 

Groupings 

 

Display order 

n Trial Group 1 M(SD) 

(Country W & Country X) 

Display Type: M(SD) 

Trial Group 2 M(SD) 

(Country Y & Country Z) 

Display Type: M(SD) 

Foreground-only 

First 

236 
F-O: 0.10(0.88) N-O: 0.03(0.91) 

Numerical-only 

First 

238 
N-O: -0.10(0.87) F-O: -0.03(0.92) 

Note: F-O = foreground-only, N-O = numerical-only. Values are in z-score format. 

 

 

 

Between-subjects analysis. An independent samples t-test was run on the Country 

W trial to investigate whether effect of display type on perceived risk reduction is 

replicated in this sample. The t-test revealed that those viewing a foreground-only display 

(M = 5.25, SD = 1.90)  perceived the risk reduction as greater than those viewing a 

numerical-only display (M = 4.83, SD = 1.77) for Country W, but not significantly so, 

t(251) = 1.83, p = 0.07. While the effect is non-significant, it is important to note that the 

test is closely approaching significance. Thus, while the effect did not reach significance, 

the result is in line with the hypothesis that participants perceive the risk reduction to be 

greater while viewing foreground-only displays compared to numerical-only displays. 

Risk aversion. The following addresses a) the within-subjects display effect on 

risk aversion scores across trial groupings, and b) the between-subjects display effect on 

risk aversion scores in the Country W trial. 
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Within-subjects analysis. A mixed two-way ANOVA test with trial grouping 

((group 1: Country W & Country X, group 2: Country Y & Country Z)) as the within 

group variable, and display order (foreground-only first, numerical-only first) as the 

between group variable was run to investigate the effect of display type on risk aversion. 

The ANOVA showed an interaction where the effect of trial grouping was significantly 

different for the two display orders F(1, 251) = 9.77, p = 0.002. Then, the ANOVA was 

followed by paired t-tests that showed foreground-only displays induced greater risk 

aversion compared to numerical-only displays within each trial group. Specifically, 

participants who saw the foreground-only display first were more risk averse in the first 

trial group, i.e., those scenarios presented with a foreground-only display (M = 0.08, SD 

= 0.67) than in the second trial group, i.e., those scenarios presented with a numerical-

only display (M = 0.01, SD = 0.68), t(122) = 2.01, p = 0.046. Likewise, participants who 

saw the numerical-only display first were less risk averse in the first trial group i.e., those 

scenarios presented with a numerical-only display (M = -0.08, SD = 0.72) than in the 

second trial group, i.e., those scenarios presented with a foreground-only display (M = 

-0.01, SD = 0.72), t(129) = 2.47, p = 0.02. In other words, foreground-only displays also 

induced greater risk aversion than numerical-only displays in the numerical-only first 

display order. Thus, the results support the hypothesis that reading foreground-only 

displays increases risk aversion compared to reading numerical-only displays. 

Between-subjects analysis. An independent samples t-test was run on the Country W trial 

to investigate whether effect of display type on risk aversion is replicated in this sample. 

The t-test revealed that those viewing a foreground-only display (M = 0.08, SD = 
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Table 14 

 

Risk Aversion Average Z-Scores by Display Order and Display Trial Groupings 

 

Display order 

n Trial Group 1 M(SD) 

(Country W & Country X) 

Display Type: M(SD) 

Trial Group 2 M(SD) 

(Country Y & Country Z) 

Display Type: M(SD) 

Foreground-only 

First 

236 
F-O: 0.08 (0.67) N-O: 0.01 (0.68) 

Numerical-only 

First 

238 
N-O: -0.08 (0.72) F-O: -0.01, (0.72) 

Note: F-O = foreground-only, N-O = numerical-only. Values are in z-score format. 

 

 

 

0.73) were more risk averse than those viewing a numerical-only display (M = -0.08, SD 

= 0.70) for Country W, but not significantly so, t(251) = 1.81, p = 0.07. While the effect 

is non-significant, it is important to note that the test is closely approaching significance. 

Thus, while the effect did not reach significance, the results support the hypothesis that 

participants are more risk averse while viewing foreground-only displays compared to 

numerical-only displays. 

User evaluation. The following addresses a) the within-subjects display effect on 

user evaluation scores across trial groupings, and b) the between-subjects display effect 

on user evaluation scores in the Country W trial. 

Within-subjects analysis. A mixed two-way ANOVA test with trial grouping 

(group 1: Country W & Country X, group 2: Country Y & Country Z) as the within group 

variable, and display order (foreground-only first, numerical-only first) as the between 

group variable was run to investigate the effect of display type on user evaluation. The 

ANOVA showed an interaction where the effect of trial grouping was significantly 

different for the two display orders F(1, 251) = 87.40, p < 0.001. Then, the ANOVA was 

followed by paired t-tests that showed foreground-only displays induced lower user 
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evaluation compared to numerical-only displays within each trial group. Specifically, 

participants who saw the foreground-only display first gave lower user evaluation scores 

in the first trial group, i.e., those scenarios presented with a foreground-only display (M = 

-0.11, SD = 1.02) than in the second trial group, i.e., those scenarios presented with a 

numerical-only display (M = 0.46, SD = 0.73), t(122) = -7.29, p < 0.001. Likewise, 

participants who saw the numerical-only display first gave greater user evaluation scores 

in the first trial group i.e., those scenarios presented with a numerical-only display (M = 

0.11, SD = 0.90) than in the second trial group, i.e., those scenarios presented with a 

foreground-only display (M =  

-0.43, SD = 0.10), t(129) = 6.08, p < 0.001. In other words, foreground-only displays 

were also given lower user evaluation scores than numerical-only displays in the 

numerical-only first display order. Thus, the results support the hypothesis that reading 

foreground-only displays decrease user evaluation compared to reading numerical-only 

displays. 

 

 

 

Table 15. 

User Evaluation Z-Scores by Display Order and Display Trial Grouping 

Display order 

n Trial Group 1 M(SD) 

(Country W & Country X) 

Display Type: M(SD) 

Trial Group 2 M(SD) 

(Country Y & Country Z) 

Display Type: M(SD) 

Foreground-only 

First 

236 
F-O: -0.11(1.02) N-O: 0.46(0.73) 

Numerical-only 

First 

238 
N-O: 0.11(0.90) F-O: -0.43(0.10) 

Note: F-O = foreground-only, N-O = numerical-only. Values are in z-score format. 
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Between-subjects analysis. An independent samples t-test was run on the Country 

W trial to investigate whether effect of display type on user evaluation is replicated in 

this sample. The t-test revealed that those viewing a foreground-only display (M = 5.59, 

SD = 1.02) gave lower user evaluation scores than those viewing a numerical-only 

display (M = 5.73, SD = 1.00) for Country W, but not significantly so, t(472) = 1.52, p = 

0.13. Thus, while the effect did not reach significance, this result aligns with the 

hypothesis that participants give greater user evaluation to foreground-only displays 

compared to numerical-only displays. 

Understanding. The following addresses a) the within-subjects display effect on 

understanding scores across trial groupings, and b) the between-subjects display effect on 

understanding scores in the Country W trial. 

Within-subjects analysis. A mixed two-way ANOVA test with trial grouping 

(group 1: Country W & Country X, group 2: Country Y & Country Z) as the within group 

variable, and display order (foreground-only first, numerical-only first) as the between 

group variable was run to investigate the effect of display type on understanding. The 

ANOVA showed an interaction where the effect of trial grouping was significantly 

different for the two display orders, F(1, 251) = 65.11, p < 0.001. The ANOVA was 

followed by paired t-tests that showed foreground-only displays induced lower 

understanding compared to numerical-only displays within each trial group. Participants 

who saw the foreground-only display first understood the risk information less in the first 

trial group, i.e., those scenarios presented with a foreground-only display (M = -0.34, SD 

= 0.88) than in the second trial group, i.e., those scenarios presented with a numerical-

only display (M = 0.07, SD = 0.88), t(122) = 4.83, p < 0.001. Likewise, participants who 
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saw the numerical-only display first understood the risk information more in the first trial 

group i.e., those scenarios presented with a numerical-only display (M = 0.32, SD = 0.75) 

than in the second trial group, i.e., those scenarios presented with a foreground-only 

display (M = -0.07, SD = 0.91), t(129) = 7.31, p < 0.001. In other words, foreground-only 

displays also induced lower understanding than numerical-only displays in the numerical-

only first display order. Thus, the results support the hypothesis that reading foreground-

only displays lowers understanding compared to reading numerical-only displays. 

 

 

 

Table 16 

Understanding Z-Scores by Display Order and Display Trial Grouping 

Display order 

n Trial Group 1 M(SD) 

(Country W & Country X) 

Display Type: M(SD) 

Trial Group 2 M(SD) 

(Country Y & Country Z) 

Display Type: M(SD) 

Foreground-only 

First 

236 
F-O: -0.34(0.88) N-O: 0.07(0.88) 

Numerical-only 

First 

238 
N-O: 0.32(0.75) F-O: -0.07( 0.91) 

Note: F-O = foreground-only, N-O = numerical-only. Values are in z-score format.  

 

 

 

Between-subjects analysis. An independent samples t-test was run on the Country 

W trial to investigate whether effect of display type on understanding is replicated in this 

sample. The t-test revealed that those viewing a foreground-only display (M = 0.99, SD = 

0.88)  understood the risk information less than those viewing a numerical-only display 

(M = 1.71, SD = 0.68) for Country W, t(251) = 7.2, p < 0.001. Thus, this result support 

the hypothesis that participants understand the risk information less with foreground-only 

displays compared to numerical-only displays. 
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Discussion 

 The within and between-subjects analyses in Study 2 show overall support for 

previously documented display effects on Perceived Risk, Perceived Risk Reduction, 

Risk Aversion, and User Evaluation. Specifically, within-subjects analyses found 

significant differences between display types for Perceived Risk, Risk Aversion, User 

Evaluation, and Understanding. While the within-subjects effect on Perceived Risk 

Reduction did not reach significance, the result was closely approaching significance and 

the direction of group means were in line with previous findings. Similarly, between-

subjects analyses found significant support for effects on Perceived Risk and 

Understanding. While between-subjects effects for Perceived Risk Reduction, Risk 

Aversion, and User evaluation did not reach significance, p-values for Perceived Risk 

Reduction and Risk Aversion were closely approaching significance, and the direction of 

group means for all dependent variables were in line with hypotheses regarding the 

foreground-only effect.  

 The display effects were also generally stronger in the within-subjects analyses 

based on smaller p-values. Stronger effects in the within-subjects analyses compared to 

the between-subjects analyses were also confirmed by moderately to substantially greater 

effect sizes in the within-subjects analyses compared to the between-subjects analyses 

(see table 8 for Cohen’s d values). This general pattern, along with the same pattern 

found in Study 1, suggests that within-subjects analyses are more sensitive to differences 

in outcome measures between display type, and the potential reasons for which are 

elaborated on in the general discussion.  
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 Finally, the comparisons of effect size and p-value between Study 1 and Study 2 

showed that effect magnitude were generally similar across both the vaccine and COVID-

19 risk scenarios. While there were more within and between-subjects effects on 

dependent variables in Study 1 that reached significance compared to effects in Study 2 

(e.g., Perceived Risk Reduction), ultimately, the effect sizes were comparable between 

the two studies. The implications of these similar effect sizes as they relate to the research 

question of how COVID-19 may impact the foreground-only effect is discussed in the 

general discussion. 
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GENERAL DISCUSSION 

 The two aims of the present research were a) to assess display effects through a 

within-subjects design and compare these effect sizes to that of a traditional, between-

subjects design, and b) to assess whether there is a discernable impact of the COVID-19 

context on display effects. Two within-subjects studies were conducted in light of these 

aims—the first on fictitious diseases and vaccines, and the second on hypothetical 

COVID-19 scenarios and social distancing policies. Overall, the results of these two 

studies showed that the hypothesized display effects were present in both between and 

within-subjects analyses, but that the strength of the effect varied. 

In Study 1, within-subjects design found significant differences between display 

type in the directions we hypothesized, across all outcome measures. Between-subjects 

analyses found largely the same significant results, although the analysis for Risk 

Aversion did not reach significance. The effect sizes of the within-subjects analyses were 

consistently and substantially greater compared to the between subject analyses of 

display effects on the same outcome measures, suggesting that effects are stronger in the 

within-subjects analyses compared to between-subjects analyses.  

In Study 2, while display effects were intact in that group means were consistently 

in the predicted direction for both between and within-subjects analyses, there were more 

instances where within-subjects analyses reached significance where between-subjects 

analyses did not (i.e., Risk Aversion and User Evaluation), compared to Study 1. 

Perceived Risk Reduction also did not reach significance in either between or within-

subjects analyses. Within-subjects analyses continued to have greater effect sizes 

compared to between-subjects analyses. Thus, the same pattern of stronger within-
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subjects effects compared to between-subjects effects was replicated. However, the effect 

sizes for both between and within-subjects analyses for Study 2 were similar to that of 

Study 1, suggesting that the differences in the context of risk scenario may not have had a 

noticeable impact on the display effects. 

RQ1: Is a within-subjects design compatible with the foreground-only effect?  

In RQ1, we asked about the compatibility of a within-subjects design with the 

foreground-only effect, and whether there are any differences in the strength of the effect 

compared to traditional between-subjects analyses. Based on the results, not only did the 

foreground-only effect occur in a within-subjects design, the strength of within-subjects 

display effects were noticeably greater than between-subjects analyses. Specifically, for 

both Study 1 and Study 2, within-subjects display effects had a smaller p-value and 

greater effect size compared to between-subjects analyses (see table 8 for between and 

within-subjects effect sizes across both studies).  Thus, the within-subjects design was 

able to demonstrate the benefit of increased power while avoiding carry-over effects, to 

the extent of detecting the foreground-only effect.  

Limitations and future directions. While the present research demonstrated the 

benefits of a within-subjects design in the detection of display effects, this study did not 

explore all the possible parameters that may or may not impact the foreground-only 

effect. For instance, the study design used in the present work was originally created with 

a different study in mind before the COVID-19 pandemic interrupted these plans, at 

which point the study shifted to researching the impact of COVID-19 on display effects. 

Since the original study intended to use an eye-tracker, the number and type of distractor 

tasks included in this study was not based only on the goal of mitigating carry-over 
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effects between displays, but also considered the goal of having participants familiarize 

themselves with the eye-tracking set-up. Thus, it’s possible that these parameters can be 

modified or optimized in future within-subjects studies on the foreground-only effect. 

RQ2: Does COVID-19 change the magnitude of the foreground-only effect? 

In RQ2, we asked about the impact of COVID-19’s context on the foreground-

only effect compared to a non-COVID-19 context. Based on the results, while some 

display effects only reached significance in Study 1, and thus had lower p-values 

compared to Study 2, the effect sizes across both studies were generally similar across the 

studies, suggesting that any differences are either due to chance or simply negligible. 

The current work did not prepare explicit predictions based in theory for how the 

COVID-19 context would impact the magnitude of display effects. Consequently, the 

following results need to be replicated under theory-driven hypotheses along with a study 

design that allows for causal interpretations—the details of which are outlined in the 

section ahead. Assuming these results still stand, the current results present a few 

implications for whether the COVID-19 context noticeably impacts the magnitude of 

display effects. 

While this study did not include firm predictions, information from previous work 

suggested two competing predictions: a) that the affective properties of the COVID-19 

context would diminish the foreground-only effect, and b) that these properties would 

amplify the foreground-only effect. The smaller p-values in Study 1 (vs. Study 2) are in 

line with the concept that the affective properties of COVID-19 lead to neglect of the 

cognitive information in displays (Bruyneel et al., 2009; Lerner & Keltner, 2000; 2001; 

Suter, Pachur, & Hertwig, 2016), and thus diminished the foreground-only effect. This 
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would additionally suggest that while graphical displays and emotions are processed in 

type 1 processing (Casner, 1991; Chua et al., 2006; Jarvenpaa, 1990; Parillo, 2017; 

Reyna, 2008), this process did not amplify the foreground-only affect in Study 2. 

However, these conclusions are likely untrue given that effect sizes were comparable 

between studies. Thus, the smaller p-values may be due to chance, differences in sample 

size between Study 1 (n = 474) and Study 2 (n = 253), or another factor impacting power 

in Study 2. 

Aside from chance, there is also an alternative explanation for the lack of 

differences in effect size between Study 1 and Study 2. While the predictions from 

previous work present competing directions of either a diminished foreground-only effect 

and an amplified foreground-only effect, it is possible that these processes are not 

mutually exclusive. If the mechanisms behind the reduction and amplification of the 

foreground-only effect occur simultaneously, the resulting changes from the COVID-19 

topic to the typical effect size of the foreground-only effect would cancel out, accounting 

for the lack of observable differences between Study 1 and Study 2. 

Limitations and future directions. While the impact of the COVID-19 context 

was a central question of the current research, there are several considerations that limit 

the current interpretations to a preliminary understanding of how COVID-19 may impact 

display effects. These considerations also simultaneously act as points of improvement 

for future investigations. 

First, it is important to note that while the present work did not find a noticeable 

impact of COVID-19 on the foreground-only effect, these evaluations are not conclusive 

as the present work did not follow a causal study design for this research question. 
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Ideally, to evaluate this question empirically, the two studies would be conducted on the 

same sample, emotion would be directly manipulated, and participants would be 

randomly assigned to these manipulations. Future research may also include direct 

measures of emotions in order to directly evaluate whether affective properties play a role 

in explaining variance in outcome measures between display type. 

Second, the current design for the manipulation of COVID-19 may not 

sufficiently induce affect, which in turn may not significantly influence the dependent 

variables. For instance, the risk scenarios in Study 2 used hypothetical Country names 

with letters (e.g., “Country X”) rather than using names of actual locations. Using 

hypothetical countries avoid concerns regarding existing and preconceived associations 

towards real countries and their COVID-19 context, but induces lower affect compared to 

a cover story that uses more realistic information, such as using the country that a 

participant currently resides in. Thus, it is possible that the lack of noticeable differences 

between effect sizes in Study 1 and Study 2 are due insufficient manipulation strength. 

Future investigations will need to consider how to create a more realistic and personal 

COVID-19 scenarios while still avoiding or mitigating concerns with people’s 

preconceived notions about real countries and their COVID-19 context. 

Finally, given that the pandemic has been highly politicized, an extension of this 

work may seek to focus in on the specific emotions experienced by different political 

groups, and how these differences in emotions experienced impact risky decision-making 

regarding COVID-19. For instance, masking has become a highly politicized measure for 

reducing the risk of COVID-19 in the United States, with many conservatives feeling 

anger towards masking due to interpretations that it is an infringement of freedom. If 
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liberals do not share this same emotion regarding COVID-19 and masking, or if they 

instead feel fear of the virus, this would be a context in which Lerner & Keltner’s ATF 

model would provide different predictions on how conservatives and liberals interpret 

risk information (Lerner & Keltner, 2000, 2001). Specifically, the ATF model would 

suggest that should conservatives feel anger regarding masking, they would likely 

perceive the risk as lower compared to liberals. If liberals do not feel anger and 

additionally feel more fear regarding COVID-19, they would perceive the risk to be much 

greater than conservatives. In terms of the foreground-only effect, both fear and anger 

would diminish differences in the effect that display type has on outcome measures, but 

by tracking whether participants of different political background systematically feel 

more fear or anger, we can better understand the different mediators or moderators that 

are responsible for diminishing display effects in different political groups.  

Conclusions 

The present research found that a within-subjects design is a viable way to 

increase power for foreground-only effect studies by reducing the sample size needed to 

detect display effects. The design used in this study can be utilized in future experiments 

on the foreground-only effect, and can be a particularly promising solution for research 

that seeks to explore the impact of a variety of display design features and conditions, as 

such work can be costly due to the high sample size it entails. 

The present work also suggests that COVID-19 may not noticeably impact the 

foreground-only effect. While the evaluations in this paper are not conclusive, it provides 

a preliminary assessment that the current knowledge the differential impact that 

foreground-only and numerical displays have on risk communication outcomes is still 
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applicable to communication about real-world pandemics. Specifically, the present work 

suggests that using foreground-only displays to present COVID-19 risk information will 

increase risk perception and risk aversion at the cost of understanding and user 

evaluation, compared to numerical-only displays. However, it is important to note that 

the purpose of the present work was limited to evaluating what displays do to people’s 

interpretation of the risk information, rather than give prescriptive suggestions of what 

risk communicators should or should not with this finding. Therefore, the question still 

remains regarding whether increasing risk aversion at the cost of understanding is a truly 

desirable outcome. 

While at first glance it may appear that increasing risk averse behavior, especially 

during an ongoing pandemic, is a desirable risk communication goal, it is important to 

consider the negative consequences of fear-based risk averse behavior. For instance, 

during the early months of the COVID-19 pandemic in the United States, panic buying 

and unnecessary stockpiling caused unprecedented disruptions to the national supply 

chain for a variety of essential products (e.g., food and toilet paper). Industries impacted 

by this inappropriately risk averse behavior are still in the midst of recovering from 

shortages in supply under the increased demand. Thus, risk communicators must consider 

the realistic consequences of lowered risk understanding and inappropriately risk averse 

behaviors when using foreground-only displays over numerical-only displays. This 

concern is central to any risk communication scenario, but can be especially catastrophic 

when communicating a highly pervasive context under emergency pretenses. 
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APPENDIX A 

Reading and Distractor Tasks (Study 1 and Study 2) 

Task Trial: Passage 1 

Below is a short passage from Charlotte’s Web by E.B. White. Please keep track 

of how many names you encounter while reading the passage: 

“Everybody heard the song of the crickets. Avery and Fern Arable heard it as they 

walked the dusty road. They knew that school would soon begin again. The young 

geese heard it and knew that they would never be little goslings again. Charlotte 

heard it and knew that she hadn’t much time left. Mrs. Zuckerman, at work in the 

kitchen, heard the crickets, and a sadness came over her, too. ‘Another summer 

gone,’ she sighed. Lurvy, at work building a crate for Wilbur, heard the song and 

knew it was time to dig potatoes.” 

Break Trial (Distractor): Passage 2 

Now, you will complete another task before moving on to the next section. Below 

is another short passage from Charlotte’s Web by E.B. White. Please keep track of 

how many adjectives you encounter while reading the passage: 

“The crickets sang in the grasses. They sang the song of summer's ending, a sad 

monotonous song. ‘Summer is over and gone, over and gone, over and gone. 

Summer is dying, dying.’ A little maple tree heard the cricket song and turned 

bright red with anxiety. The crickets felt it was their duty to warn everybody that 

summertime cannot last forever. Even on the most beautiful days in the whole 

year — the days when summer is changing into fall the crickets spread the rumor 

of sadness and change.” 
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APPENDIX B 

Study 1 Measures (In Terms of Slibitis) 

Perceived Risk Questions 

 

1. What do you think are the chances of contracting Slibitis without a vaccine?   

 
1 2 3 4 5 6 7 

Extremely low      Extremely 
high 

 

 

2. How worried would you be about contracting Slibitis without a vaccine?  

 
1 2 3 4 5 6 7 

Not worried  
at all 

     Extremely 
worried 

 

 

Perceived Risk Reduction Questions 

 

1. In your opinion, the decrease in the chance of contracting Slibitis resulting from 

using Vaccine S is…  

 
1 2 3 4 5 6 7 

None      Incredibly big 

2.  How much less worried would you be about Slibitis if you used Vaccine S?  

 

1 2 3 4 5 6 7 

No reduction 
in worry 

     Much less 
worried 

 

 

Risk Aversion Questions (Okan et al., 2020) 

 

1. Assume that Vaccine S is the only vaccination currently available for Slibitis. 

Would you recommend the vaccine to your friends and family?  

 

1 2 3 4 5 6 7 
Definitely not      Definitely yes 
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2. Imagine that you went to a local pharmacy and saw that the clinic there was 

offering Vaccine S free of charge. You would, however, have to wait in line. How 

much time would you be willing to wait to be vaccinated?  

1 = would not get the vaccine regardless of the wait time  

2 = would only get the vaccine if it there were no wait  

3 = would get the vaccine if the wait was under 5 minutes  

4 = would get the vaccine if the wait was under 15 minutes  

5 = would get the vaccine if the wait was under 30 minutes  

6 = would get the vaccine if the wait was under an hour  

7 = would get the vaccine regardless of the amount of time I would have to wait  

 

3. Assume that your health insurance does not cover the cost of vaccines for Slibitis. 

How much would you be willing to pay for Vaccine S?  

1 = zero  

2 = less than $10  

3 = $10 to $20  

4 = $20 to $50  

5 = $50 to $100  

6 = $100 to $200  

7 = more than $200 

 

 

User Evaluation Questions 

 

1. How well did you understand the information you were given about the risk of 

Slibitis when using Vaccine S? 

 
1 2 3 4 5 6 7 

Not at all      Very well 

 

2. How helpful was the graph for deciding about whether to use Vaccine S? 

 
1 2 3 4 5 6 7 

Not helpful      Very helpful 

 

3. How much did you like the way the graph was designed?  

 
1 2 3 4 5 6 7 

Did not like it      Liked it a lot 

 

4. How much would you trust information represented in a graph like the one you 

just viewed? 

 
1 2 3 4 5 6 7 

Not at all      Very much 
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APPENDIX C 

Study 1 Displays 

Foreground-only First Condition 

 

Figure 1. Foreground-only Slibitis display with 50/5,000 base risk and 50% risk 

reduction. 

 

Figure 2. Foreground-only Crivitis display with 10/5,000 base risk and 80% risk 

reduction. 
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Figure 3. Numerical-only Plibitis display with 10/5,000 base risk and 50% risk 

reduction. 

 
Figure 4. Numerical-only Bricitis display with 50/5,000 base risk and 80% risk 

reduction. 
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Numerical-only First Condition 

 
Figure 5. Numerical-only Slibitis display with 50/5,000 base risk and 50% risk reduction. 

 

 
Figure 6. Numerical-only Crivitis display with 10/5,000 base risk and 80% risk 

reduction. 
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Figure 7. Foreground-only Plibitis display with 10/5,000 base risk and 50% risk 

reduction. 

 

 
Figure 8. Foreground-only Bricitis display with 50/5,000 base risk and 80% risk 

reduction. 
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Appendix D 

Study 2 Measures (in terms of Country X) 

Risk Aversion Questions (Adapted From Okan et al., 2020) 

4. Would you support the implementation of a social distancing policy in Country 

X?  

1 2 3 4 5 6 7 
Definitely not      Definitely yes 

 

5. Assume that social distancing measures will cost the government more expenses 

than usual, and that they are asking for taxpayers to help cover the cost. How 

much extra in taxes would you be willing to pay to support a social distancing 

policy in Country X?  

1 = zero percent of monthly income 

2 = less than one percent of monthly income 

3 = one to three percent of monthly income 

4 = three to five percent of monthly income 

5 = five to ten percent of monthly income 

6 = ten to twenty percent of monthly income 

7 = more than twenty percent of monthly income 

 

6. Assume that the WHO is interested in spending money on education efforts to 

promote social distancing measures as a means of reducing COVID-19 related 

mortalities in Country X. What percentage of the budget would you suggest the 

WHO allocate towards supporting social distancing education efforts in Country 

X?   

1 = zero percent     

2 = one to ten percent    

3 = ten to twenty percent    

4 = twenty to thirty percent     

5 = thirty to forty percent 

6 = forty to fifty percent   

7 = fifty to sixty percent  

8 = sixty to seventy percent 

9 = seventy to eighty percent 

10 = eighty to ninety percent 

11 = ninety percent to one hundred percent   
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Perception of Risk Questions 

7. What do you think are the chances of dying from COVID-19 without a social 

distancing policy in place in Country X?   

 
1 2 3 4 5 6 7 

Extremely low      Extremely 
high 

 

Perception of Risk Reduction Questions 

8. In your opinion, the decrease in the chances of dying from COVID-19 if social 

distancing is implemented in Country X is…  

 
1 2 3 4 5 6 7 

None      Incredibly big 

 

Understanding Questions 

1. ___________  out of every 1,000 people will die from COVID-19 without social 

distancing measures in Country X. (Fill in the blank) 

 

2. ___________ out of every 1,000 people will die from COVID-19 with social 

distancing measures in Country X. (Fill in the blank)  

 

User Evaluation Questions 

5. How well did you understand the information you were given about the risk of 

dying from COVID-19 with a social distancing policy in Country X? 

 
1 2 3 4 5 6 7 

Not at all      Very well 

 

 

6. How helpful was the risk information format for deciding about whether to 

support the social distancing policy under consideration in Country X? 
1 2 3 4 5 6 7 

Not helpful      Very helpful 

 

 

7. How much did you like the risk information format used? 

 
1 2 3 4 5 6 7 

Did not like it      Liked it a lot 

 

8. How much would you trust the risk information presented in the format you just 

viewed? 

 
1 2 3 4 5 6 7 

Not at all      Very much 
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Appendix E 

Study 2 Displays 

Foreground-only First Condition 

 

Figure 1. Foreground-only Country W display with 20/5,000 base risk and 80% risk 

reduction. 

 

 

Figure 2. Foreground-only Country X display with 50/5,000 base risk and 50% risk 

reduction. 
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Figure 3. Numerical-only Country Y display with 20/5,000 base risk and 50% risk 

reduction. 

 

 
Figure 4. Numerical-only Country Z display with 50/5,000 base risk and 80% risk 

reduction. 
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Numerical-only First Condition 

 
Figure 5. Numerical-only Country W display with 20/5,000 base risk and 80% risk 

reduction. 

 

 
Figure 6. Numerical-only Country X display with 50/5,000 base risk and 50% risk 

reduction. 
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Figure 7. Foreground-only Country Y display with 20/5,000 base risk and 50% risk 

reduction. 

 

 
Figure 8. Foreground-only Country Z display with 50/5,000 base risk and 80% risk 

reduction. 
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