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We offer a general method for testing the usability of visual displays communicating scientific uncertainty, illustrated with publicly available results from CDC's influenza forecasts. The heavy toll of seasonal influenza has prompted major investments in improving these forecasts, making them a focus of machine learning research. However, little research has been devoted to how well users can understand and use these forecasts to inform decisions under uncertainty. Our approach extends psychological theory to experimental tasks posing hypothetical, but realistic decisions using alternative displays based on actual forecasts. Based on Tversky's theory of conceptual-spatial congruence, we predicted actual and perceived usability of four displays (bar chart, tree map, PDF, and 90% confidence interval). Participants (N = 301, recruited on Amazon MTurk) were randomly assigned to use one of four displays for four decision tasks, created to reflect our extension of the theory. We evaluated participants' comprehension, confidence, and judgments of perceived helpfulness, when the display and the decision were congruent or non-congruent. Participants had better comprehension with the most familiar display (bar chart), for all four decisions. However, they did not perceive that display as more helpful or have greater confidence in their responses to it. Participants who reported greater familiarity with a display performed more poorly, despite expressing greater confidence and rating it as more helpful. We discuss the need to evaluate performance, as well as ratings, and the opportunities to extend theoretical frameworks to specific contexts.
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1. Introduction

Whereas, numbers and verbal quantifiers are often used for communicating scientific uncertainty (Van Der Bles et al., 2019), visual displays can be a potentially powerful way to convey the complex information needed to inform decisions (Larkin and Simon, 1987; Woloshin et al., 2023). However, that potential is only realized if people can extract and apply the information that they need, and have appropriate confidence in their success. Overconfidence can lead to decisions based on wrong information. Under-confidence can lead to neglecting good information. The COVID-19 pandemic has led experts to produce visual displays for many statistics in many formats. However, few, if any, of those displays have been subject to user testing. We offer a general methodology for such user testing. We demonstrate it with displays used by the Centers for Disease Control and Prevention (CDC) for seasonal influenza forecasting. We also test an extension of a prominent theory of display usefulness in this novel context.

Seasonal influenza infects 9–35 million Americans annually, with 140,000–810,000 hospitalizations and 12,000–61,000 deaths (CDC, 2020). CDC has invested heavily in improving flu forecasts, hoping to inform both public health decisions (e.g., vaccine manufacture and distribution) and personal health decisions (e.g., taking flu shots and avoiding public areas). Since 2013, CDC has organized a weekly flu forecasting challenge, FluSight, with the twin goals of improving forecasts and developing common data standards. Submitted forecasts provide binned predictive distributions for several influenza events of interest (Reich et al., 2019). However, there is little evidence that the forecasts are being used by the many decision makers who might benefit from them (e.g., health officials, pharmacies, nursing homes, travelers). One possible barrier to wider use is how the forecasts are presented. Currently, flu data are displayed as the suite of confidence intervals submitted by the various teams on CDC's website. While important to CDC and forecasters, those details of epistemic uncertainties and expert disagreements might overwhelm potential users with less technical knowledge or more specific interests.

As Pinker proposed, the usefulness of different types of graphs depends on the type of information being extracted (Pinker, 1990). According to Tversky's prominent account of visual information processing, natural correspondence theory (Zacks and Tversky, 1999; Tversky, 2011), a display's usefulness depends on those specific interests. Building on Gestalt principles, the theory posits that displays are more useful when there is a congruent mapping between them and the intended use. Congruency has been found to increase users' ratings of display usefulness and confidence in their decisions. For example, bar charts have been found to be more useful and preferred for discrete comparisons (e.g., males are taller than females), whereas lines are superior for trends (e.g., height increases over time; Tversky et al., 1991, 2000).

One general principle of conceptual-spatial congruence theory is that bars, as closed containers, separate things that are inside and outside them, making them useful for communicating categorical information. In contrast, lines suggest connections, hence are useful for communicating continuous information. Thus, for example, Tversky et al. (2012) found that frequency is better represented by a continuous visual variable (e.g., thickness or distance), such that there is a congruence of continuous information and continuous format than by a container (e.g., closed circles); conversely, grouping is better presented by a container than by a continuous display. Tversky et al. found that people preferred and derived greater understanding from congruent mappings, compared to non-congruent ones.

We extend the natural correspondence principles to examine how congruence between four displays and four decisions affects people's (a) comprehension, (b) confidence in their decisions, and (c) ratings of display helpfulness. Many studies have examined graph comprehension in terms of inferences drawn from main effects (Shah and Freedman, 2011) or the interpretation of causal and correlational relationships (Fansher et al., 2022). Here, we examine comprehension in terms of understanding uncertainties, as reflected in participants' interpretation, utilization, and evaluation of displays, in the message assembly and interrogation aspects of graph comprehension (Pinker, 1990).

We focus on a focal measure in CDC's forecasts, the percentage of patients at medical offices who have influenza-like illnesses, or %ILI. CDC uses this measure, rather than actual influenza cases, because there is too little testing to know which patients' symptoms reflect flu, rather than other causes. Participants in our study made one decision under uncertainty based on each of the four flu-related probabilistic forecasts that FluSight teams make each week: (i) onset week, when the flu season will begin; (ii) peak week, when the flu season will be most intense; (iii) peak week intensity, as measured by %ILI during that week; and (iv) next week flu intensity, in %ILI. Two decisions had categorical options (vaccination campaign and staying home from daycare); two had continuous options (transferring hospital patients and travel plans).

We use four displays (Figure 1). Based on our interpretation of natural correspondence theory, two of the displays are categorical (bar charts, tree maps) and two are continuous [probability distribution functions (PDFs), confidence intervals]. In terms of our three dependent variables, when there is natural correspondence, we expect greater comprehension, decision confidence, and perceived helpfulness.


[image: Figure 1]
FIGURE 1
 The four visual displays for “vaccination campaign” decision. (A) bar chart (upper left); (B) tree map (upper right), (C) probability density function (PDF; lower left), and (D) confidence interval (lower right).


Hypothesis 1: Comprehension, decision confidence, and perceived helpfulness will be higher when categorical decisions (when to start a vaccination campaign, when to stop sending a child to daycare) are based on categorical displays (bar charts, tree maps) and when continuous decisions (how many patients to transfer, how safe it is to travel) are based on continuous displays (PDFs, confidence intervals)—compared to when there is no such natural congruence.

Previous studies have considered bar charts, pie charts, stick figures, and probability density plots, for communicating scientific uncertainty in domains that have included seismic risk, weather forecasts, and health risks (Ibrekk and Morgan, 1987; Lipkus and Hollands, 1999; Bostrom et al., 2008). Most have examined user comprehension and preferences, and occasionally decision making (Fernandes et al., 2018; Padilla et al., 2018; Stephens et al., 2019). Some have investigated individual user features, including familiarity (Friel et al., 2001), subjective numeracy (Fagerlin et al., 2007; Zikmund-Fisher et al., 2007; Peters et al., 2019; Rolison et al., 2020), and subjective visual literacy (Galesic and Garcia-Retamero, 2011; Okan et al., 2012; Garcia-Retamero et al., 2016; Garcia-Retamero and Cokely, 2017). Expecting these results to be replicated, we predict that:

Hypothesis 2: Comprehension, decision confidence, and perceived helpfulness will be higher for the displays with which participants are most familiar.

Hypothesis 3: Comprehension, decision confidence, and perceived helpfulness will be higher for participants with higher subjective numeracy and subjective visual literacy scores.

We also conducted exploratory analyses for how displays relate to decision making, following the findings that visual displays promote risk-avoidant choices, compared to numeric displays (Stone et al., 1997), and that geographical heatmaps promote risk-avoidant behavior, compared to picto-trendlines (Fagerlin et al., 2017).



2. Materials and methods


2.1. Recruitment

Adult participants were recruited on Amazon Mechanical Turk (MTurk) in early October 2020. MTurk has been frequently used for evaluating or piloting data visualization aids (Hullman et al., 2015; Okan et al., 2020). Heer and Bostock (2010) found consistent results with MTurk and previous laboratory-based studies of visual displays. An a priori power analysis for OLS (Ordinary Least Squares) with four display groups and four covariates, alpha = 0.05, and power = 0.95, determined a sample size of 236 to reveal a small effect size (0.10). Following Kennedy et al. (2020), we identified 301 responses with valid IP and geolocation addresses out of 370 completed responses for data analyses. Participants took ~25–30 min to complete the survey and were compensated $5.00 for their time. The research complied with the American Psychological Association Code of Ethics and was approved by the Institutional Review Board at Carnegie Mellon University. Informed consent was obtained from each participant.



2.2. Experiment protocol and measures

Figure 2 shows the experimental design. Participants were randomly assigned to one of four Forecast Displays: Bar Chart, Tree Map, PDF, or Confidence Interval. They were then asked to use the information in that display to help hypothetical friends make four decisions, presented in random order: “Vaccination Campaign,” “Transferring Hospital Patients,” “Staying Home from Daycare,” and “Travel Plan.” For each decision, participants read background information and completed a task designed to increase their engagement and assess their attention, after which they saw the display and responded to it. After completing the four decision tasks, participants evaluated how familiar they had been with their assigned display before the study, assessed several related risks, and answered questions about themselves. See Supplementary material for the full survey. Figure 1 presents the four displays of one decision. Figure 3 presents the full text of one decision.
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FIGURE 2
 Schematic of the experiment design.
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FIGURE 3
 Text for the “vaccination campaign” decision.



2.2.1. Introduction

Participants were first introduced to CDC's FluSight challenge and to the four forecasts events: onset week (when the flu season will begin), peak week (when the flu season will be most intense), peak intensity (%ILI during that week), and short-term intensity (%ILI for next week). They were asked to help CDC find the best way to present these forecasts.



2.2.2. Forecast display

Participants were randomly assigned to one of four display types: (a) bar chart, (b) tree map, (c) PDF, and (d) 90% confidence interval. We interpreted two displays as categorical (2a, 2b) and two as continuous (2c, 2d). All four used data from the same hypothetical forecast, based on forecasts displayed on the CMU Delphi website at the time (https://delphi.cmu.edu).



2.2.3. Decision

Each task asked participants to extract information from their assigned display to help a hypothetical friend make a decision. Two decisions (vaccination campaign, staying home from daycare) were designed to have congruent mapping with categorical displays and two decisions (transferring hospital patients, travel plans) were designed to have congruent mapping with continuous displays.


2.2.3.1. Vaccination campaign

This task involved determining the flu season's onset week, to help the director of a local university's health center decide when to send out vaccination reminders.



2.2.3.2. Transferring hospital patients

This task involved determining the peak week for flu intensity, during the next 4 weeks, to help the manager of a large local hospital decide how many patients with mild illnesses to transfer to other places before the peak, to guarantee having enough beds for patients with severe flu symptoms.



2.2.3.3. Staying home from daycare

This task involved determining the flu season's peak week, to help parents of a 4-year-old child with a health condition choose the best time to stop sending their child to daycare.



2.2.3.4. Travel plan

This task involved determining flu intensity for the following week at a travel destination, to help someone with a weak immune system decide whether to go there.

After reading the description of each decision, participants indicated which of a set of factors their friend should consider when making the decision. The list had both relevant options, to engage them (e.g., the cost of canceling the trip), and an obvious decoy option, to serve as an attention check (e.g., the terminal your friend will be arriving at).




2.2.4. Evaluation tasks
 
2.2.4.1. Comprehension

For each decision, participants (a) estimated the value relevant to the decision task from the forecast display (scored as 0 = incorrect, 1 = correct) and (b) identified the range within which that estimated value should fall (scored as 0 = incorrect, 1 = correct). An overall comprehension score summed these two scores for the four decisions (0–8). The comprehension score for categorical decisions summed scores (0–4) for the “Vaccine” and “Daycare” decisions; for continuous decisions (0–4), it summed scores for the “Hospital” and “Travel” decisions.



2.2.4.2. Risk aversion

We scored participants' advice to their friend as risk avoidant or risk accepting, either discretely for the categorical decisions or continuously for the others. Thus, (a) Vaccine advice was coded as risk avoidant, if participants thought the campaign should start now (= 1, = 0 otherwise). (b) Travel advice was coded as risk accepting, if they thought their friend should go on the trip next week (= 1, = 0 otherwise). (c) Hospital advice was coded as the number of patients that participants suggested transferring (0, 5, 10… 500), with higher values indicating greater risk avoidance. (d) Daycare advice was coded as the week number that they suggested to start keeping the child at home, with lower values indicating greater risk avoidance. To increase engagement, participants were asked to provide reasons for their advice, which we read, but did not analyze.



2.2.4.3. Confidence

We assessed confidence in terms of participants' perception of their ability to perform their assigned tasks. Participants rated their confidence in their advice for each decision, on a scale anchored at 1 = not at all confident and 5 = extremely confident. We took the mean decision confidence for all four decisions (Cronbach's alpha = 0.78), the two categorical decisions (= 0.72), and the two continuous ones (= 0.55), respectively.



2.2.4.4. Perceived helpfulness

Participants indicated how helpful they found their assigned display when making each decision, where 1 = not at all helpful to 5 = extremely helpful. We took the mean perceived helpfulness rating for the four decisions (Cronbach's alpha = 0.8), the two categorical (= 0.76), and the two continuous ones (= 0.74).




2.2.5. Personal properties
 
2.2.5.1. Display familiarity

After finishing the four decision tasks, participants rated how familiar their assigned display was before the study, on a scale anchored at 1 = not at all familiar and 5 = extremely familiar.



2.2.5.2. Medical background

Participants indicated whether they had any background knowledge or work experience related to medical care or epidemiology, where 1 = yes and 0 = no.



2.2.5.3. Subjective numeracy

Participants rated themselves on a four-item subjective numeracy scale (Peters et al., 2019), anchored at 1 = not at all good and 6 = extremely good, for each item. We took the mean rating (Cronbach's alpha = 0.86) as their subjective numeracy score.



2.2.5.4. Subjective visual literacy

Participants rated their visual literacy, on a three-item scale developed for this study. It asked participants how well they could use three common displays (graph, map, and manuals; Tversky et al., 2000), for each of four tasks, on a scale anchored at 1 = not at all good and 6 = extremely good. We took the mean of the three items (Cronbach's alpha = 0.72) as their subjective visual literacy score.



2.2.5.5. Demographics

Participants answered questions about their age, gender, income, political orientation, education, and health condition at the end of the survey. Participants reported being, on average, 37.7 years old (Median = 34.0, SD = 11.8), with 34.9% being female, 61.1% White or European American, and 64.7% having at least some college education, with 51.8% having a yearly household income above $50,000. On average, participants reported being ideologically moderate (Mean = 3.7, Median = 3.0, SD = 1.9), where 1 = extremely liberal and 7 = extremely conservative; and in relatively good health (Mean = 2.5, Median = 2.0, SD = 1.0), where 1 = Excellent and 5 = Poor. Participants skewed younger, better educated, and with more males, than the general U.S. population (Supplementary Table 3.1). One hundred out of 301 (33.2%) reported having some medical background.



2.2.5.6. Time spent on tasks

We recorded how long participants spent on the survey, in minutes. All responses took over 5 min (Mean = 30.6, Median = 24.8).




2.3. Data analysis approach

We preregistered our predictions and analyses for Hypotheses 1–3 before conducting any statistical analyses1. To assess the success of our randomization, we conducted separate one-way ANOVAs for subjective numeracy and education, across the four display conditions. As was pre-registered, we assessed participants' completion time and correctness for the attention-check questions and compared the results with and without participants who took two standard deviations less than the mean time to complete the survey or failed all four attention-check questions.

To test Hypothesis 1, we first conducted OLS regressions comparing participants' performance (comprehension, decision confidence, and perceived helpfulness) when the decision and display were congruent and when they were not. Next, we compared performance on the two congruent and the two non-congruent displays. Finally, we compared performance on the two categorical and continuous displays.

To test Hypotheses 2 and 3, we conducted OLS regressions predicting comprehension, decision confidence, and perceived helpfulness from the three individual-difference measures: familiarity with the display, subjective numeracy, and subjective visual literacy. We also conducted the following exploratory analyses: (a) non-parametric Kendall's tau correlations for participants' performance and time spent on tasks given the non-normal distribution of the completion times and (b) one-way ANOVAs for how many patients to transfer and which week to stop sending the child to daycare, by display groups, and Chi-square tests for proportions of responses for sending a vaccination reminder and continuing the trip. We conducted the preregistered analyses with and without demographic predictors as covariates and found no significant differences. All statistical tests were two-tailed. Exact p-values at < 0.05 level are reported here. However, only those < 0.01 were interpreted as significant, given the multiple tests.



3. Results



3.1. Randomization and attention check

One-way ANOVAs revealed no differences across the four forecast displays in terms of participants' subjective numeracy [F(3, 297) = 1.6, p = 0.19] or education [F(3, 297) = 0.81, p = 0.49], indicating successful randomization. All participants spent at least 5 min on the survey, thereby passing that screening test. Twenty indicated that the decoy option was relevant for all four tasks, failing that attention check. As specified in our pre-registration plan, all responses were included in the analyses, regardless of completion time or attention check performance. Repeating the analyses without these responses revealed no differences in any of the patterns reported below (see Supplementary Sections 4–6).



3.2. Dependent measures: performance

Table 1 shows correlations between the three dependent measures, and other variables. Participants with greater decision confidence (2) rated the displays as more helpful (3) (τ = 0.60, p < 0.001). Neither variable was, however, correlated with comprehension (1).


TABLE 1 Correlations (Kendall's tau- τ) of participants' performance and main covariates.

[image: Table 1]

Table 2 shows means for each dependent measure for each of the four decisions, for each of the four displays. Two-way ANOVAs (with repeated measures for decision) found a significant between-groups difference for comprehension [F(3, 297) = 5.2, p < 0.01], but not the other dependent measures. The interactions between decision and display group were significant for comprehension [F(9, 891) = 4.5, p < 0.001] and perceived helpfulness [F(9, 891) = 3.3, p < 0.001], but not for decision confidence. The following analyses consider the patterns underlying these overall results.


TABLE 2 Mean (SD) for participants' performance on the three dependent measures.

[image: Table 2]

Figure 4 shows the distributions of responses for the three dependent variables, comparing tasks with and without conceptual-spatial congruence. Supplementary Table 1.1 shows the corresponding OLS analyses. Table 3 shows OLS predictions from the individual difference variables. We report results for each performance measure in turn. Finally, we report risk avoidance for the four recommended decisions with the four displays (Table 4).


[image: Figure 4]
FIGURE 4
 Participants' performance by conceptual-spatial congruence (0 = non-congruent, 1 = congruent). (Left) Comprehension score (ranging from 0 to 4), (Middle) decision confidence (ranging from 1 = not at all to 5 = extremely), and (Right) perceived helpfulness (ranging from 1 = not at all to 5 = extremely).



TABLE 3 OLS regressions with the dependent measures (overall comprehension, decision confidence, and perceived helpfulness) and independent variables (display familiarity, subjective numeracy, subjective visual literacy, completion time, and demographics).

[image: Table 3]


TABLE 4 Decisions.

[image: Table 4]


3.2.1. Comprehension

Comprehension was unrelated to conceptual-spatial congruence (Figure 4). Thus, we did not observe the hypothesized congruence effect. Looking at cases where the display and decision were congruent, there was no difference between the two categorical displays (bar chart, tree map). PDF was better than CI, the other continuous display, for one measure: comprehension was better with PDF than with CI [p = 0.012; B = −0.44, SE = 0.17, 95% CI = (−0.78, −0.10)] (Supplementary Table 1.2). As predicted in our pre-registered analysis, comprehension was significantly greater with the bar chart than with the other three displays (Table 2, Supplementary Table 4.1).

Contrary to Hypothesis 2, OLS regressions (Table 3, Figure 5) found that individuals who reported greater familiarity with their assigned display had lower overall comprehension (also Supplementary Table 4.2). Subjective numeracy and subjective visual literacy were unrelated to overall comprehension (Supplementary Table 4.3). Exploratory analyses found that respondents with higher comprehension scores had less education (τ = −0.21, p < 0.001), were less likely to have a medical background (τ = −0.39, p < 0.001), and spent more time on the survey (τ = 0.18, p < 0.001).


[image: Figure 5]
FIGURE 5
 Display familiarity and participant performance by display group. (Left) Comprehension, (Middle) Decision confidence, and (Right) Perceived helpfulness. Error bars are 95% CIs based on standard errors.





3.2.2. Decision confidence

Decision confidence was also unrelated to decision-display congruence (Figure 4, Supplementary Table 1.1), contrary to Hypothesis 2. When display and decision were congruent, there was no difference in participants' confidence in the two categorical displays (bar chart, tree map) or the two continuous ones (PDF, CI; Supplementary Table 1.2). Pre-registered analyses did not find the predicted greater confidence with the bar chart.

OLS regressions (Table 3) found that individuals reporting greater familiarity with their display had greater confidence in their decision, as shown in Figure 5 (also Supplementary Table 5.3). Greater confidence was also associated with greater subjective numeracy and subjective visual literacy. All these results are consistent with Hypothesis 2 and 3 (Supplementary Table 5.4). Respondents with higher decision confidence saw themselves as having greater numeracy (τ = 0.34, p < 0.001) and visual literacy (τ = 0.34, p < 0.001). They were also more likely to have a medical background (τ = 0.13, p < 0.01; Mann-Whitney U-test found consistent results).



3.2.3. Perceived helpfulness

Perceived helpfulness was also unrelated to decision-display congruence (Figure 4, Supplementary Table 1.1), contrary to Hypothesis 1. When decisions and displays were congruent, the two continuous displays (PDF, CI) were seen as equally helpful; the bar chart was rated as the more helpful of the two categorical displays [p < 0.01; B = −0.43, SE = 0.15, 95% CI = (−0.72, −0.14)] (Supplementary Table 1.2). Pre-registered analysis found, as predicted, that participants rated the bar chart as more helpful than the other three displays (Table 2, Supplementary Table 6.2).

OLS regressions (Table 3) found that participants who rated displays as more familiar, also rated them as more helpful, as shown in Figure 5 (also Supplementary Table 6.3), consistent with Hypothesis 2. Higher subjective numeracy and higher subjective visual literacy were both associated with greater perceived helpfulness, consistent with Hypothesis 3 (Supplementary Table 6.4). Respondents who saw their assigned display as more helpful were also more familiar with it (τ = 0.27, p < 0.001), and saw themselves as more numerate (τ = 0.32, p < 0.001) and more visually literate (τ = 0.36, p < 0.001).



3.2.4. Decisions

Unlike previous research, there were no significant differences in the decisions, and risk aversion, of individuals using the four displays. Pooling across the display groups, 48.0% of participants would advise sending a vaccination announcement the next week; 32.4% would advise their friend to take the trip. On average, they would advise transferring 38.5 patients and advise their friend to stop sending their child to daycare in week 10.2 (around mid-November).





4. Discussion


4.1. Explanation of results

We present a general method for evaluating visual displays communicating scientific uncertainty, using hypothetical decisions that require extracting and employing specific information from a complex display. Our method evaluates users' success (and that of the display), in terms of three performance measures: comprehension, decision confidence, and perceived display helpfulness. We illustrate the method with tasks based on CDC's weekly influenza forecasts. These tasks ask participants to advise hypothetical friends about four decisions under uncertainty, based on the scientific research summarized in one of CDC's four key forecasts, using one of four, randomly assigned visual forecast displays.

We found that participants rated the four displays as similarly helpful and had similar confidence in decisions based on them. However, their comprehension scores differed significantly across displays. The interactions between decision and display are significant for all three performance measures, indicating participants' sensitivity to decision-display combinations. Contrary to hypotheses based on previous research, however, that variation was not related to display-decision congruence or to any of our three dependent measures. Thus, participants made decisions similarly with categorical and continuous decisions, whether using categorical displays (bar charts, tree maps) or continuous ones (PDF, CI) and whether the displays and decisions were congruent or not.

Our analyses of individual differences also produced surprising results. Comprehension was poorer for some participants for whom one might expect it to be superior: those who reported being more familiar with a display; those with more education, contrary to Brick et al. (2020); and those with medical backgrounds. Participants in each of these groups also completed the task more quickly.



4.2. Implications of results for theory and practice

One possible explanation for this predictive failure of congruence theory is that our extension to these displays and decisions was inappropriate. One specific concern is that PDFs and uncertainty bounds (CI) may not fit the theory's construct of continuous visual displays. A second possibility is that familiarity obscured differences predicted by the theory, a possibility raised by Tetewsky (1992). Not only was the bar chart much more familiar than the other displays, but the others were quite unfamiliar. Participants rated a display as more helpful when they rated it as more familiar or rated themselves as having greater numeracy or visual literacy.

Their education and familiarity (with a display or with medicine) might lead to unwarranted confidence and reduced carefulness, so that they failed to perform to their ability. Studies of word comprehension have found a similar pattern, with errors more common when participants read familiar, compared to unfamiliar, passages (Malik, 1990).

The discrepancies between objective performance and subjective confidence, and the associated display evaluations, may reflect the role of fluency, in the sense of the metacognitive experience of ease associated with information or stimuli processed by people (Schwarz, 2004). Being more familiar with a display (perceptual fluency) or being a healthcare worker more familiar with medical decisions (decision fluency) may have increased confidence, without increasing comprehension (Alter and Oppenheimer, 2009). Consistent with this interpretation, participants who rated themselves higher on numeracy and visual literacy were more confident in their advice and saw the displays as more helpful, but had no greater comprehension.



4.3. Suggestions for future research

This study demonstrates a method for testing the usability of visual displays,  illustrated with communicating scientific uncertainty in epidemiological forecasts, in terms of comprehension, confidence, and perceived helpfulness as applied to hypothetical decisions that might be informed by each of the four measures reported in CDC's weekly influenza forecasts (Woloshin et al., 2023). We found modest performance differences for the four decisions and associated forecast measures, as well as between the displays. However, those differences did not reflect the predicted effects of congruence between display and decision, such as might support tailoring displays to decisions. Instead, the most familiar display, bar charts, outperformed the three less familiar displays (tree maps, PDFs, and confidence intervals) to a degree that may have wiped out any congruence effects. A recent review of COVID-19 forecasts found that most (29 of 48) uncertainty visualizations used prediction intervals like those in our displays (d) (Zhang et al., 2021). We found evidence suggesting that familiarity, or fluency, with a display can increase confidence in ways that reduce comprehension. Less familiar displays may have the benefit of slowing people down so that they are more careful, in addition to any additional information that they provide. Future research could examine these unexpected effects, along with other predictive frameworks, including alternative interpretations of congruency theory, for communicating uncertainty in decision-relevant terms.



4.4. Study limitations

One limitation to these results is that we only have four tasks. In open-ended comments, some participants noted that they found the tasks easier as they moved on, suggesting that additional practice might have improved performance. However, we found little difference in performance between the first and last task, for any display (Supplementary Tables 7.4–7.6). Another limitation is not having the task-specific time stamps needed for finer grained analyses of the relationships between experience, time spent, and the dependent measures. A third limitation is that the study used a relatively well-educated MTurk convenience sample, roughly one-third of whom reported a medical background. Although such individuals are a likely audience for CDC's forecasts, less numerate, visually and medically literate respondents might have revealed greater differences between the displays.
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