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Abstract

Background: Interpreting medical test results involve judging probabilities including making 

Bayesian inferences such as judging the positive and negative predictive values. Although prior 

work has shown that experience formats (e.g., slide shows of representative patient cases) 

produce more accurate Bayesian inferences than description formats (e.g., verbal statistical 

summaries), there are disadvantages of using the experience format for real-world medical 

decision making that may be solved by presenting relevant information in a 2×2 table format. 

Furthermore, medical decisions are often made in stressful contexts, yet little is known about the 

influence of acute stress on the accuracy of Bayesian inferences. This study aimed to a) replicate 

the description-experience format effect on probabilistic judgments, b) examine judgment 

accuracy across description, experience, and a new 2×2 table format, and c) assess the effect of 

acute stress on probability judgments. Method: The study employed a 2 (stress condition) × 3 

(format) factorial between-subjects design. Participants (N = 165) completed a Bayesian 

inference task in which information about a medical screening test was presented in one of three 

formats (description, experience, 2×2 table), following a laboratory stress induction or a no-

stress control condition. Results: Overall, the 2×2 table format produced the most accurate 

probability judgments, including Bayesian inferences, compared with the description and 

experience formats. Stress had no effect on judgment accuracy. Discussion: Given its accuracy 

and practicality, a 2×2 table may be better suited than description or experience formats for 

communicating probabilistic information in medical contexts.

Keywords: 2×2 table, experience format, Bayesian inference, psychosocial stress
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Accurately judging probabilistic information is critical for making good decisions in 

stressful, high-stake medical contexts. A common challenge involves evaluating medical test 

results, which requires Bayesian inference1-3. Specifically, the decision maker must update prior 

information about the disease with the diagnostic test outcome to infer the posterior probability 

of the patient having (or not having) the disease. These posterior probabilities are also known as 

the positive predictive value (PPV) and the negative predictive value (NPV)1-3. Prior probability 

information includes the sensitivity and specificity of the test (i.e., the probability that the test 

correctly identifies those with and without the disease, respectively), as well as the false-positive 

rate of the test (i.e., the probability that the test incorrectly identifies the disease in those without 

the disease). The current study examined the influence of two clinically relevant contextual 

factors – information format and affective state – on the accuracy of Bayesian judgments in non-

experts.

The role of information format

In the risky choice literature, probabilistic judgments have been shown to be sensitive to 

the format in which relevant information is presented. Specifically, when decisions are based on 

verbal summaries of information (description formats) people choose as if they overweight small 

risks, and when decisions are based on learning probabilities through observing the sequential 

presentation of representative cases (experience format) people choose as if they underweight 

small risks - a phenomenon termed the description-experience gap4-6. A growing literature 

suggests that presentation format also affects Bayesian inference. Specifically, experience 

formats have been shown to produce more accurate judgments of the PPV than description 

formats7-12. It is also well documented that presenting information in absolute frequencies results 

in more accurate Bayesian inferences compared with presenting information in conditional 
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probabilities13-18. Many studies comparing presentation formats have not clearly separated these 

two dimensions (description vs. experience; conditional probabilities vs. absolute 

frequencies)7,8,11, making it difficult to pinpoint which feature promotes Bayesian inference – 

does the “experience advantage” stem from the experiential aspect of natural sampling19 or from 

the presentation of absolute frequencies? This question holds significance for medical decision 

making. For example, a simulation of rare events (e.g., 1 in 1,000) may be prohibitively time-

consuming in clinical settings. It is worth asking, therefore, how more efficient description-based 

formats using absolute frequencies would compare to experience formats. Simple 2×2 tables 

containing absolute frequencies of disease status/diagnosis combinations are an example of a 

frequentist descriptive format.

Talboy and Schneider20 showed that a 2×2 table led to more accurate Bayesian inferences 

than a description format. More recently, Böcherer-Linder and Eicher21 reported that a 2×2 table 

produced more accurate inferences than a format emphasizing area proportionality. A potential 

advantage of a 2×2 table over an experience format for real-world use is that 2×2 tables present 

information in a single step summary, reducing the time required to present information and 

demands on attention as information is presented. At present, no study has compared an 

experience format with a 2×2 table in a Bayesian inference context. If the 2×2 table produces 

performance comparable or superior to the experience format, this suggests that a simple table 

summary that patients can bring home could be used to communicate health-related information, 

instead of an experience format that requires an online platform for viewing a simulated 

representative population of patient cases for a fixed duration.

The role of incidental affect
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Beyond examining information format, past research has investigated the social-cognitive 

factors that affect medical decisions such as knowledge, perception, and attitudes related to 

risk22,23. Although it has long been known that affective states strongly influence probabilistic 

judgments and decisions24-30 it is unclear how affective states may influence Bayesian inference. 

Not only are emotions ever-present, they are likely to be intensified when making important 

medical decisions. For example, a breast cancer diagnosis may bring a degree of uncertainty that 

makes treatment decisions uniquely stressful. Past research has described how the onset of stress 

due to a diagnosis of breast cancer and the perceived sense of urgency to make a treatment-

related decision has a negative impact on information seeking behaviour, which can result in 

decisional conflict or regret31-33. Even regular doctor appointment check-ups can elicit acute 

stress in patients who do not have to make major medical decisions34. Despite rapid growth of 

the literature on stress, judgments, and decisions, no prior studies have examined whether stress 

effects the accuracy of making Bayesian inferences in a medical context. 

The current study

Building on the literatures briefly reviewed here, the current study was designed to 

address two novel questions. First, we sought to compare the effects of different information 

formats on Bayesian inference and other probabilistic judgments in a medical context. Most 

importantly, we wanted to compare experience and 2×2 table formats. To maintain continuity 

with past research7,8, we also included a description format with conditional probabilities. 

Second, we sought to assess the role of incidental affect in Bayesian inference. To this end, we 

compared probabilistic judgment accuracy under acute stress and no-stress conditions. 

In line with past findings7,8, we expected higher judgment accuracy in the experience 

compared with the description format. The comparison of judgment accuracy between the 
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experience and 2×2 table formats was exploratory, and therefore no directional hypotheses were 

set. Stress was manipulated using the Trier Social Stress Test (TSST)35, an ecologically valid 

stressor that induces an acute stress response through public speaking under experimentally 

controlled conditions35,36. A meta-analysis that examined a number of laboratory-based acute 

psychological stress procedures, including the TSST, determined that the tasks that produce the 

greatest acute stress response are a combination of social-evaluative threat and 

uncontrollability37, with the TSST incorporating both of these elements. As previously described, 

Bayesian inferences tend to be less accurate for description compared with experience formats, 

especially when information is framed as conditional probabilities compared with absolute 

frequencies7,8. In light of this, we expected that acute stress would more strongly affect judgment 

accuracy in the experience format because accuracy in the description format may be too low to 

be negatively affected by stress. How stress would affect judgment accuracy in the 2×2 table 

format was an exploratory question.

Methods

Participants 

All participants gave written informed consent prior to completing the study, which was 

approved by the Research Ethics Board at Ryerson University, Toronto, Canada (REB# 2016-

324-1). Participants were recruited through flyers in the community and online advertisements 

(e.g., Craigslist) and received $12 for their participation in the 1.5-hour experiment. In total, 181 

participants participated in this study. Participants in the final analysis indicated no major health 

problems, including history of neurological, neurodegenerative, psychiatric, metabolic or 

autoimmune disorders, or cardiovascular disease. Four participants were excluded for ending the 

study prematurely (during or immediately after stress induction), seven participants were 
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excluded for reporting severe depression, anxiety or stress (via the DASS21)38, two participants 

were excluded due to technical issues with the stimulus delivery program, and three participants 

were excluded for not passing the quizzes in the experience format (see below). The final sample 

included 165 participants (see Table 1 for sample characteristics), slightly in excess of the 

sample size goal of 158, which had been determined a priori using a two-tailed alpha of 0.05 and 

a power of .80 to detect a medium-sized interaction effect (f = .25) in a 2 (condition: stress, no-

stress) × 3 (format: description, experience, 2×2 table) factorial analysis of variance (ANOVA)39. 

Design

The study employed a 2 (condition: stress vs. no stress) × 3 (format: description, 

experience, 2×2 table) between-subjects design. 

Stimuli and Apparatus

Qualtrics (Provo, Utah, USA) was used for stimulus presentation and response collection 

on a 16.0-inch LCD display running 32-bit Windows 7 Enterprise Edition. Viewing distance was 

approximately 50 cm. Text instructions appeared in black font against a white background. 

Stimuli appeared in black in the description and 2×2 table formats, and in red and blue in the 

experience format.

Bayesian Inference Task

The study employed a Bayesian inference task that included the same experience and 

description formats used in prior studies7,8, but with the 2×2 table format original to the current 

study. Participants were told they would be presented with a representative sample of 100 

fictitious patients, and their corresponding health information in the instructions of each format. 

All participants received the same probabilistic information about the disease and diagnostic test. 
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Description format. Participants read a verbal description of the prevalence of the 

disease, as well as the sensitivity and false-positive rate of the diagnostic test. Probabilistic 

information was presented in relative frequencies, using a denominator of 100 (e.g., “83.33 out 

of 100 people”; see Figure 1A). Based on this information, participants were asked to make five 

judgments in the same format in which the information was presented (e.g., “___ out of ___”). 

Specifically, they were asked to judge the sensitivity, specificity, and false-positive rate of the 

diagnostic test. Given that all three values were included in the verbal description1, these 

judgments served as a comprehension check. Participants were also asked to judge the PPV and 

NPV using the same response format. Of note, although the sensitivity and false-positive rate 

included decimals, participants were not required to use decimals in their responses. They were 

told to provide judgments that reflected their best guesses. The probability-judgment prompts 

appeared below the verbal description and remained onscreen for 15 minutes. 

Experience format. Participants viewed a slideshow of 100 fictitious patient cases 

presented one at a time for 5 seconds each. Each patient case was characterized by a combination 

of disease status (does vs. does not have disease) and test result (positive vs. negative), with the 

words “Has Disease” and “Positive Test Result” in red font, and “Does Not Have Disease” and 

“Negative Test Result” in blue font (see Figure 1B)2. Quizzes were inserted pseudo-randomly 

within each trial quarter to examine whether participants could indicate the information of the 

last patient they saw to ensure vigilance during the slideshow. The quizzes were presented in a 

multiple-choice format and asked participants to choose whether the last patient they saw 1) had 

1Although only the sensitivity and false-positive rate were explicitly provided in the description 
format, the specificity of the diagnostic test represents the inverse probability of the false-
positive rate.
2Patient cases with same-colour combinations represented accurate test results (hits and correct 
rejections), whereas different-colour combinations represented false test results (misses and false 
alarms).
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the disease or not, and 2) received a positive or a negative test result. All participants included in 

the study answered a minimum of 3 out of the 4 quizzes correctly. Participants did not take notes 

and were discouraged from memorizing or counting patient cases. After the slideshow, five 

judgment prompts appeared on the screen requiring the participant to judge the sensitivity, 

specificity, false-positive rate, PPV and NPV. Similar to the description format, participants were 

asked to make judgments by specifying a numerator and denominator (i.e., “___ out of ___”). 

Including the slideshow (10 minutes) and the time allocated to make judgments (5 minutes), the 

task duration was 15 minutes.

2×2 table format. The 2×2 table format was a hybrid of the description and experience 

formats (see Figure 1C). Here, participants viewed a 2×2 table of 100 representative patients and 

their corresponding health information categorized into four combinations: health status (does vs. 

does not have disease) and test results (positive or negative). Similar to the experience format, 

the cells of the table conveyed the absolute frequency of each event combination. Similar to the 

description format, the information was conveyed descriptively rather than via presentation of 

individual patient cases. As in the other formats, participants were asked to judge the sensitivity, 

specificity, false-positive rate, PPV and NPV in a relative frequency format (i.e., “___ out of 

___”). The 2×2 table and the five judgment prompts appeared together onscreen for 15 minutes, 

with the prompts presented below the 2×2 table. 

If participants made their judgments before the respective answering period lapsed, they 

were encouraged to use the remaining time to review their answers to ensure their best 

judgments. See Table 2 for judgment questions.

Procedure 
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After providing informed consent, participants completed questionnaires, including the 

Digit Symbol Substitution Test40, a measure of perceptual-motor speed; the DASS2138, a 

measure of depression, anxiety and stress over the past week; the 20-item Positive and Negative 

Affect Schedule41, a measure of state affect; the 14-item Perceived Stress Scale42, a measure of 

stress over the past month; the Mill Hill Vocabulary Scale43, a measure of verbal intelligence; 

and two measures of numeracy: the Berlin Numeracy Test44, and an 11-item numeracy scale45 

that included a coin-toss item46. These assessments were included to enable comparisons 

between the current sample and those in other published studies in the literature on stress and 

decision making.

Next, participants received instructions for the TSST35. Half of the participants were 

assigned to a stress condition and half to a no-stress condition. In the stress condition, 

participants were required to give a 5-minute speech on the topic, “Why I am the best candidate 

for my dream job.” Participants had 5 minutes to write notes to prepare the speech. Once 5 

minutes had passed, the experimenter led them into another room to deliver their speech. Before 

the experimenter left the room, participants were told to stand on an “X” on the floor in front of a 

one-way mirror. Between the one-way mirror and the participant was a phone placed in the 

center of a table and video camera situated on a tripod beside the table. The evaluators were put 

on speakerphone to provide instruction to the participant. Unbeknownst to the participant, there 

were no evaluators on the other side of the one-way mirror. Task instructions were provided to 

the participant through a voice recorder played into the phone by the experimenter on the other 

side of the one-way mirror. The experimenter recorded one female and one male voice that read 

out instructions. The participant was asked to deliver their speech looking at the mirror and 

speaking loudly into the intercom of the phone after receiving instructions to begin from the 
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“evaluators”. Upon completion of the speech, the female confederate gave instructions for an 

impromptu 5-minute verbal arithmetic task. If the participant’s speech was under 5 minutes, or if 

they provided an incorrect answer during the arithmetic task, they were instructed to continue or 

start over, respectively. 

In the no-stress condition, the experimenter led the participant into another room and 

gave them instructions to write a letter explaining why they were the best candidate for their 

dream job (5 minutes), and to subsequently read the letter out loud to themselves (5-minutes). 

Participants then received two worksheets with rudimentary arithmetic tasks (e.g., addition and 

subtraction problems; 5 minutes). Participants were then led back to the study room by the 

experimenter. 

After the TSST, participants completed the Bayesian inference task on the computer. 

Upon completion, participants were compensated and debriefed.

Stress reactivity measures

Systolic and diastolic blood pressure (BP)47, as well as subjective stress were measured at 

4 time points and were used to examine stress reactivity. Specifically, stress measures were taken 

upon arrival (baseline [BL]; - 40 minutes), subsequent to TSST instructions (anticipation [T1]; - 

5 minutes), immediately after the TSST (post-TSST [T2]; + 10 minutes), and immediately after 

the Bayesian inference task (recovery [T3]; + 25 minutes). T2 was the most critical stress 

measurement, as BP and subjective ratings at this time point reflect stress levels immediately 

after experiencing the stressor or its no-stress equivalent. Cortisol response peaks ~10 minutes 

after stressor offset37. Although we did not measure cortisol, participants completed the Bayesian 

inference task around the time of expected peak cortisol (i.e., 10-minutes after the TSST was 

completed). Systolic and diastolic BP were measured using a BP monitor (Life Source, A&D 
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Medical) placed on the participant’s left arm. Participants were asked to rest their arm on a table 

and keep their feet flat on the floor. Following each of the 4 BP measurements, subjective stress 

was measured using a visual analogue scale presented on an iPad (Qualtrics, Provo, UT), with 

the left end of the scale indicating no stress and the right end indicating extreme stress.

Results

All data were assessed for parametric assumptions. The Greenhouse-Geisser correction 

was used to correct for violations of sphericity. Pairwise deletion was used for instances with 

missing data. Significant main effects and interactions were followed up with two-tailed t tests 

using the Benjamini-Hochberg procedure48 to keep the familywise error rate at .05 (two-tailed). 

Effect size was inferred using partial eta squared (ηp
2) to describe the proportion of variance of a 

variable that is not explained by other variables, as well as Cohen’s d when t tests were 

conducted to compare two means, with .20, .50, and .80 corresponding to small, medium, and 

large effects, respectively49. Additionally, Cohen’s f was used to estimate the proportion of 

variance explained by the sample, with .10, .25, and .40 corresponding to small, medium, and 

large effect sizes, respectively, in the ANOVAs.

Demographic and cognitive assessments

Separate 2 (condition: stress, no stress) × 3 (format: description, experience, 2×2 table) 

between-subjects ANOVAs were conducted on demographic, cognitive, and affective measures. 

No significant effects emerged (ps > .05) in any of these analyses. Critically, no differences were 

observed across groups on the PANAS or numeracy scales, suggesting comparable levels of 

affect at the beginning of the experiment, and no differences in numerical skill across groups. 

Overall, the demographic and cognitive assessments show mean values similar to those reported 

in other studies that have examined the effect of stress on decision making50.
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Stress reactivity results

Although the stress manipulation was successful, stress did not affect probability 

judgments (see the Appendix for details of the results for the stress measures). 

Probability judgments: Deviation from true value

In line with our prior studies, to assess the degree to which probability judgments 

deviated from the correct answer, we calculated the mean absolute error, defined as the unsigned 

distance between the judged and true probability7,8. We then conducted 2 (condition: stress, no-

stress) × 3 (format: description, experience, 2×2 table) between-subject ANOVAs on the mean 

absolute error, separately for each of the five probability judgments. See Table 3 for descriptive 

statistics, and Table 4 for ANOVA results.

Sensitivity and Specificity. There were no significant effects of condition or format, and 

no significant condition × format interactions.

False-positive rate. There was no significant effect of condition or of the condition × 

format interaction, but there was a main effect of format. The description format produced 

smaller deviations than the experience format, with no difference between the description and the 

2×2 table formats. The difference in mean absolute error between the experience and 2×2 table 

formats narrowly missed statistical significance. 

PPV and NPV. There was no significant effect of condition or of the condition × format 

interaction, but there was a main effect of format. The experience and 2×2 table formats 

produced smaller deviations than the description format. Critically, no significant difference 

emerged between the experience and the 2×2 table formats. 

In summary, the stress manipulation did not affect the deviation between judged and true 

probability for any of the probability judgments. Format effects were absent for sensitivity and 
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specificity judgments but were present for the other judgments. For the false-positive rate, the 

description and 2×2 table formats produced smaller deviations than the experience format. For 

the PPV and NPV, the experience and 2×2 table formats produced smaller deviations than the 

description format.

Probability judgments: Proportion of correct responses

While the previous analyses shed light on the degree of deviation between judged and 

true probabilities (i.e., a continuous measure), it is also useful to characterize responses in terms 

of whether or not they fell into a pre-defined “correct” range (i.e., a dichotomous outcome). 

Correct judgments in this study were defined as judgments within one percentage point above or 

below the true value. We used chi-square tests to assess whether the proportion of correct 

judgments differed for the 3 format types, collapsing across condition (stress, no stress). The chi-

square test was significant for each of the five probability judgments (see Table 5). Using z tests 

for pairwise follow-up comparisons at a Bonferroni-corrected alpha level of 0.01, we found that 

the 2×2 table format was generally associated with the highest proportions of correct responses. 

For the false-positive rate, the 2×2 table format and the description format were tied. Further, for 

judgments of sensitivity, specificity, and the false-positive rate, the description format was 

associated with more correct judgments than the experience format. For the PPV and the NPV, 

the description and experience formats produced similar proportions of correct responses (see 

Table 5 for details). See the frequency of judgments made in the histograms in Figure 2. 

We also used a chi-square test to assess whether the proportion of correct judgments 

differed for stress vs. no stress conditions, collapsing across format (description, experience, 2×2 

table). These tests were non-significant (p>.05) and are therefore not discussed further. 

Discussion
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This study was the first to compare the accuracy of probability judgments across 

description, experience, and 2×2 table formats in the context of medicine, and to examine 

whether stress impacts Bayesian inference. Several key findings emerged. First, in line with 

previous research, we observed that the experience format gave rise to more accurate Bayesian 

inferences than the description format – at least when performance was defined in terms of the 

absolute distance between true and judged values7,8. Critically however, the 2×2 table format 

emerged as the most successful format overall. It matched the experience format with respect to 

the deviation between true and judged values, but it additionally produced a higher proportion of 

correct judgments. Unexpectedly, stress did not impact judgment accuracy, regardless of format 

type. 

Description vs. Experience Formats 

Replicating our previous work7,8, the experience format produced more accurate 

Bayesian inferences than the description format when performance was represented by the 

magnitude of deviation between probability judgments and true values. Judgments of the PPV in 

the description format formed a bimodal distribution, with two distinct clusters of judgments at 

the extreme ends of the distribution, which increased the mean judgment error in this format. The 

cluster representing high probability judgments of the PPV may represent systematic errors from 

using heuristic strategies such as basing judgments on the belief that diagnostic tests are highly 

accurate or from common miscalculations. By contrast, PPV and NPV judgments in the 

experience format formed tighter unimodal distribution patterns around the true values, which 

may suggest that experiencing frequency information helps to avoid the use of error-prone 

heuristic strategies when making Bayesian inferences. 

Page 15 of 38



FORMAT AND AFFECT EFFECTS ON PROBABILITY JUDGMENTS 

16

A novel set of findings involved judgment accuracy for the sensitivity, specificity and 

false-positive rates when compared across description and experience formats. In the description 

format, these probabilities were explicitly provided or could easily be inferred. By contrast, in 

the experience format these judgments had to be based on memory or “gut feelings”17. 

Interestingly, the mean square error for sensitivity and specificity judgments was similar for both 

formats, even though it was smaller for the false-positive rate in the description compared to the 

experience format. Not surprisingly, when examining the stricter categorical proportion-correct 

measure, the description format outperformed the experience format. 

Another novel finding of this study was the disappearance of the advantage of experience 

over description when comparing the proportions of correct PPV and NPV judgments. The low 

percentage of “exactly correct” judgments in the experience format likely reflects the fact that 

participants received no numerical information in this format, making precise retrieval or 

calculation of posterior probabilities unlikely. This indicates that neither experience nor 

description formats are ideally suited to boost precision in posterior probability judgments.

2×2 Table vs. Description and Experience Formats

The 2×2 table produced mean absolute errors that were comparable to the other two 

formats for the sensitivity, specificity, and false-positive rate, and mean absolute errors that were 

comparable to the experience format for the PPV and NPV. It should be noted, however, that the 

mean absolute error for the PPV and NPV was twice as high in the experience format than in the 

2×2 table format – a difference that failed to reach significance due to the high variability in the 

data. Interestingly, the 2×2 table produced a greater proportion of correct judgments than the 

other two formats for all probability judgments, including those that required Bayesian inference. 

Taken together, these findings suggest that the 2×2 table format is superior to the description and 
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experience formats, especially in cases where high precision of probabilistic judgment is 

required, and approximation of the true value is not good enough. 

Although the experience format has been shown to produce PPV and NPV judgments 

that approximate true values, there are important disadvantages of this format in the context of 

real-world medical decision making. Specifically, no software exists for medical personnel to 

easily construct an experience format, it is restricted to presenting small sample populations, and 

the required duration of information presentation is lengthy which is problematic given that 

health care providers have limited time with patients. By contrast, the 2×2 table format can be 

easily constructed, can represent large sample populations, and does not make temporal demands 

on information presentation. In light of these strengths, a simple 2×2 table may be most effective 

for real-world medical decision making including PPV and NPV judgments of diagnostic 

outcomes.

No Effect of Stress on Probability Judgments

Unexpectedly, the results showed no effect of stress on judgment accuracy despite a 

seemingly successful stress manipulation. This finding adds to a growing literature on incidental 

affect and probabilistic inference28-30 by contributing the novel finding that induced acute stress 

does not impact the accuracy of Bayesian inferences. Although those in the stress condition 

showed higher BP and subjective stress levels compared with those in the no-stress condition at 

critical time points, why, then, did stress not disrupt performance on the Bayesian inference task? 

One possibility is that participants may have relied on relatively stress-resistant intuitive 

processing. Previous behavioural and neuroimaging studies suggest that stress promotes a shift 

from deliberate to intuitive reasoning27. The hypothesis that the “stress resistance” of the 
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judgments made in the present study indeed reflects reliance on intuition over deliberation would 

need to be tested in future work.

Limitations and future directions

The current study had several limitations. First, the format types differed on many 

dimensions, such as low-level visual and high-level semantic information, and the temporal 

presentation of information (dynamic-experiential vs. static-descriptive). The format types also 

differed with respect to whether they presented absolute frequencies (2×2 table and experience 

formats) or conditional probabilities (description format). Whereas these features created 

potential confounds, they allowed us to replicate past studies that had used similar description 

and experience formats7,8, and to balance the need for tight experimental control with the goal of 

comparing information formats that could be used in actual judgment and decision settings. To 

help elucidate the features that promote or inhibit understanding of probability information 

across different formats, future studies should prioritize absolute frequency formats, given what 

is already known about the superiority of frequencies over conditional probabilities14-18. 

Comparisons to natural frequency trees, icon arrays, and unit squares would be particularly 

worthwhile21. Natural frequency trees, in particular, may be similar to 2×2 table formats in 

producing judgments that resemble normative Bayesian responses51. 

A second limitation concerns the low power to detect statistical effects smaller than f = 

25. Null effects (e.g., for pairwise comparisons of the experience and 2×2 table formats) should 

therefore be interpreted with caution. Future studies should employ larger sample sizes (e.g., by 

taking advantage of online data collection methods) to replicate and extend the current findings.

Third, although subjective and physiological measures confirmed the effectiveness of the 

stress manipulation, it is possible that stress levels in the stress condition may have waned during 
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the 15-minute response period. Future studies could use continuous measures of stress or 

measure the stress hormone cortisol to ensure an acute stress response at critical times of 

performance. Additionally, the result showing that acute stress does not impact judgment 

accuracy requires replication. Importantly, the current study only examined judgments under 

acute stress that could be elicited by short-term stressors such as going to a doctor’s appointment. 

However, many patients with critical diseases who must make important medical decisions 

suffer from chronic stress52. Previous research shows that acute and chronic stress impact 

decision making differently, with acute stress promoting risk taking and reward seeking 

behaviours and chronic stress promoting habitual responses and an insensitivity to goal-directed 

contingencies26. Future research should examine how acute compared with chronic stress 

impacts the quality of medical decisions when Bayesian inference is required, and decisional 

information varies in presentation format.

Conclusion

The current findings suggest that a 2×2 table format presenting absolute frequencies of 

true and false positive and negative diagnoses may be best for eliciting accurate probabilistic 

judgments and Bayesian inferences in the context of medical decision making. Contrary to the 

robust effect of information format, there was no evidence for an impact of incidental affect on 

the accuracy of Bayesian inferences, though this finding awaits closer study in future research.
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Table 1. Sample characteristics for each group

Note. Mean values are presented, with standard deviations in parentheses. a Measured with the Mill Hill 
Vocabulary Task; b Measured with the Positive and Negative Affect Schedule (PANAS); c Measured with the 
Depression Anxiety Stress Scale (DASS) 21; DSST = Digit Symbol Substitution Test; BNT = Berlin 
Numeracy Task; Lipkus = Lipkus Numeracy Task. All demographics and cognitive assessments are non-
significant between conditions.

Stress No Stress

 
Description 

(N = 28)
Experience 

(N = 29)
2×2 Table 
(N = 27)

Description 
(N = 27)

Experience 
(N = 27)

2×2 Table 
(N = 27)

Demographics
Age 22.18 (3.93) 24.04 (4.62) 23.41 (3.74) 24.37 (4.19) 23.52 (4.82) 24.15 (5.05)
Years of 
education 14.96 (1.40) 15.89 (2.04) 15.70 (1.90) 15.67 (1.57) 15.41 (1.65) 15.48 (1.89)
% female 67.9 65.5 70.4 74.1 66.7 66.7

Cognition

DSST
85.75 

(15.15)
85.86 

(13.79)
83.78 

(24.12)
86.93 

(19.38)
90.04 

(16.53)
87.41 

(18.01)
Vocabularya 17.04 (3.76) 17.14 (3.77) 16.63 (3.52) 16.48 (3.65) 17.81 (3.89) 17.93 (4.25)
BNT 1.16 (1.25) 1.34 (1.20) 1.08 (1.09) 1.08 (1.04) 1.04 (1.08) 1.08 (.94)
Lipkus 
Numeracy 10.08 (2.41) 10.31 (1.80) 10.54 (1.94) 10.48 (1.81) 9.85 (1.32) 10.23 (2.10)

Affect
Positive Moodb 30.00 (7.02) 28.76 (8.89) 27.54 (9.32) 26.84 (5.96) 29.12 (9.71) 27.31 (7.16)
Negative Moodb 12.76 (3.13) 12.66 (3.44) 12.96 (3.40) 12.48 (2.73) 13.08 (3.26) 12.58 (3.43)
Depressionc 8.50 (4.61) 6.28 (3.37) 8.00 (5.02) 7.93 (4.17) 6.96 (3.16) 9.78 (4.94)
Anxietyc 3.57 (3.69) 4.34 (4.93) 5.41 (4.70) 5.11 (5.09) 5.04 (3.74) 5.78 (4.34)
Stressc 10.00 (5.02) 8.55 (6.61) 11.41 (7.36) 8.81 (6.78) 11.70 (7.37) 10.15 (7.12)
Perceived Stress 19.43 (5.25) 18.00 (5.29) 19.07 (5.67) 19.41 (3.66) 19.48 (3.80) 19.11 (5.40)
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Table 2. Judgment questions for each diagnostic test property

Test Property True Value Judgment Question Answer Format

Sensitivity 83.33% How many patients received a positive test result, out of all patients 
who had the disease? ___ out of ___

Specificity 71.28% How many patients received a negative test result, out of all patients 
who did not have the disease? ___ out of ___

False-Positive Rate 28.72% How many patients received a positive test result, out of all patients 
who did not have the disease? ___ out of ___

Positive Predictive Value 15.63% How many patients had the disease, out of all patients who received a 
positive test result? ___ out of ___

Negative Predictive Value 98.53% How many patients did not have the disease, out of all patients who 
received a negative test result? ___ out of ___
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Table 3. Probability judgments: Deviation from true value 

Test Property Format Condition
Stress No Stress Condition 

Collapsed
Sensitivity

Description 10.98 (26.98) 20.34 (30.33) 15.66 (28.66)

Experience 26.92 (26.11) 28.63 (27.75) 27.77 (26.93)

2×2 Table .44 (2.29) 5.95 (18.87) 3.20 (10.58)

Specificity
Description 17.81 (28.89) 8.01 (14.93) 12.91 (21.91)

Experience 18.18 (20.66) 13.17 (14.68) 15.68 (17.67)

2×2 Table 21.97 (32.00) 17.33 (29.07) 19.65 (30.54)

False-Positive Rate
Description 4.10 (9.29) 6.07 (13.48) 5.08 (11.39)

Experience 20.68 (33.43) 8.81 (9.26) 14.75 (21.35)

2×2 Table 6.93 (10.55) 7.32 (13.01) 7.13 (11.78)

Positive Predictive Value
Description 37.46 (30.08) 41.21 (26.84) 39.34 (28.46)

Experience 25.37 (31.83) 19.02 (27.13) 22.20 (29.48)

2×2 Table 7.31 (22.33) 15.36 (30.63) 11.34 (26.48)

Negative Predictive Value
Description 26.93 (27.65) 33.23 (26.09) 30.08 (26.87)

Experience 16.23 (23.78) 21.26 (29.29) 18.75 (26.54)

2×2 Table 7.15 (21.76) 12.59 (19.30) 9.87 (20.53)

Note. Means reflect the absolute difference between judged and true values. Standard deviations 
are in parentheses.
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Table 4. ANOVA table, deviation from true value for each probability judgment
Measure Effect F df P ηp

2

Sensitivity
Format 1.60 2, 155 .21 .02

Condition 0.36 1, 155 .55 .00

Format * Condition 0.66 2, 155 .52 .01

Specificity 
Format 1.05 2, 159 .35 .01

Condition 2.92 1, 159 .09 .02

Format * Condition 0.19 2, 159 .83 .00

False-Positive Rate
Format 4.78 2, 159 <.01 .06

Condition 1.37 1, 159 .24 .01

Format * Condition 2.65 2, 159 .07 .03

Positive Predictive Value
Format 13.52 2, 159 <.001 .15

Condition 0.17 1, 159 .68 .001

Format * Condition 0.94 2, 159 .39 .01

Negative Predictive Value
Format 8.96 2, 158 <.001 .10

Condition 2.07 1, 158 .15 .01

Format * Condition 0.01 2, 158 .99 .00
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Table 5. Probability judgments: Proportion of correct judgments by format

Format Type z Test

Property Description Experience 2×2 Table χ2 Description vs 
Experience

Description vs  
2×2 Table

Experience vs     
2×2 Table

Sensitivity 67.30% (1.3) 23.20% (-6.9) 90.70% (5.6) 54.05* 4.66* 3.00* 7.14*

Specificity 24.50% (-0.5) 3.60% (-4.9) 54.70% (5.5) 36.28* 3.17* 3.18* 5.92*

False-Positive Rate 64.20% (3.8) 7.30% (-6.6) 58.50% (2.8) 43.54* 6.19* 0.60 5.69*

Positive Predictive Value 3.60% (-4.4) 8.90% (-3.3) 61.10% (7.7) 59.83* 1.15 6.43* 5.75*

Negative Predictive Value 1.90% (-4.8) 5.40% (-4.3) 70.40% (9.1) 83.48* 0.94 7.31* 7.05*

Note. Proportions of correct judgments and residual differences between formats are presented. Standardized residuals are in 
parentheses. Chi-square values are presented with 2 degrees of freedom; * indicates significance at the .05 level. For z values, * 
indicates a significant difference at p < .01.
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Figure Legends

Figure 1. Panel A illustrates the description format, which presents the disease prevalence, and 

the sensitivity and false-positive rate of the diagnostic test in relative frequencies. Panel B 

illustrates the experience format, which presents independent absolute frequencies. 100 

representative patient cases were viewed in a slideshow. Each slide was presented for 5 seconds 

and describes each patient in terms of health status and diagnostic test result. Panel C illustrates 

the 2×2 table format, which presents a summary of the absolute frequencies of patient 

information. 

Figure 2. Histograms presenting the frequency of judgments for each probability question in the 

description, experience, and 2×2 table formats. The red lines indicate true values. PPV = positive 

predictive value; NPV = negative predictive value.
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Medical Screening Test

Disease X
 

To determine whether a person is at risk of Disease X, doctors 
sometimes conduct genetic testing. The passage below displays how 
common the disease is and how accurate the diagnostic tests are.

 
6 out of every 100 people have Disease X.

 
 

If a person has Disease X, it is not sure that he or she will have a 
positive result on the genetic test. More precisely, only 83.33 of every 

100 such people will have a positive result on the genetic test.
 
 

If a person does not have Disease X, it is still possible that he or she 
will have a positive result on the genetic test. More precisely, 28.72 out 
of every 100 such people will have a positive result on the genetic test.

 
Please answer the 5 questions below using the information presented 

here.

  Health Status

Test Result Has Disease Does Not Have Disease

Positive 5 27

Negative 1 67

Patient 1
Does Not Have Disease
Negative Test Result

Patient 2
Has Disease

Negative Test Result

Patient 3
Has Disease

Positive Test Result

Patient 100
Does Not Have Disease
Negative Test Result

A B

C
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Appendix

Stress manipulation check

The stress condition produced higher physiological and subjective stress levels at critical 

time points (i.e., T2 compared with BL) than the no-stress condition (ps < .05), suggesting a 

successful stress manipulation.

Stress reactivity results

To determine the effectiveness of the stress manipulation, a 2 (condition) × 3 (format) × 4 

(time point) mixed ANOVA with planned comparisons to unpack significant interactions was 

conducted, separately for each stress measure. 

For systolic BP, the analysis yielded no main effect of format, F(2, 155) = .69, p = .50, 

ηp
2 = .01. However, a significant main effect of condition, F(1, 155) = 5.01, p = .03, ηp

2 = .03, 

and a significant main effect of time point were observed, F(3, 465) = 6.25, p < .001, ηp
2 = .04. 

Additionally, a significant Condition × Time Point interaction was observed, F(3, 465) = 12.35, 

p < .001, ηp
2 = .07. We first probed the interaction by running repeated-measures ANOVAs 

using time point as the within-subject variable on systolic BP for each condition. In the no-stress 

condition, there was a main effect of time point, F(3, 228) = 6.40, p < .001, ηp
2 = .08. Critically, 

pairwise comparisons showed that time points BL (M = 100.63, SD = 13.49) and T2 (M = 99.92, 

SD = 11.83; p = .57, d = 0.06) were not statistically different. In the stress group, a main effect of 

time point was observed, F(3, 237) = 12.04, p < .001, ηp
2 = .13. Follow-up pairwise comparisons 

revealed that critical time points BL (M = 102.01, SD = 13.00) and T2 (M = 108.93, SD = 15.56; 

p < .001, d = .48) showed differences in systolic BP in the expected direction. A similar pattern 

was observed for diastolic BP. See Panels A and B in the figure below for an illustration of the 

Condition × Time Point interaction for systolic and diastolic BP, respectively. 
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We also interrogated subjective stress ratings with a 2 (condition) × 3 (format) × 4 (time 

point) mixed ANOVA. There was no main effect of format, F(2, 150) = .77, p = .47, ηp
2 = .01, 

however a significant main effect of condition, F(1, 150) = 4.77, p = .03, ηp
2 = .03, and a 

significant main effect of time point, F(2.86, 440.17) = 17.51, p < .001, ηp
2 = .10, were observed. 

Additionally, analyses revealed a significant Condition × Time Point interaction, F(2.86, 428.80) 

= 23.53, p < .001, ηp
2 = .14. We again first probed the interaction by running a repeated-

measures ANOVA with time point as the within-subject variable, separately for each condition. 

Within the no-stress condition, no main effect of time point was observed, F(3, 225) = .59, p = 

.63, ηp
2 = .01. However, in the stress condition, a main effect of time point was observed, F(3, 

225) = 28.08, p < .001, ηp
2 = .27. Follow-up pairwise comparisons were conducted and showed 

that time points BL (M = 29.25, SD = 24.70) and T2 (M = 51.47, SD = 30.25; p < .001, d = .80) 

were statistically different. See Panel C in the figure below for an illustration of the Condition × 

Time Point interaction for subjective stress ratings.
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Appendix – Figure Legend

Panel A describes systolic blood pressure across time points within each condition; Panel B 
describes diastolic blood pressure across time points within each condition; Panel C describes 
subjective stress across time points within each condition. Error bars indicate the standard error 
of the mean. BP = blood pressure.
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