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Abstract 

Background: Precision medicine research depends upon recruiting large and diverse participant 

cohorts to provide genetic, environmental, and lifestyle data. How prospective participants react 

to information about this research, including depictions of uncertainty, is not well understood. 

Purpose: The current study examined public responses to precision medicine research, focusing 

on reactions toward (a) uncertainty about the scientific impact of sharing data for research, and 

(b) uncertainty about the privacy, security, or intended uses of participant data.  

Methods: U.S. adults (N = 674; 51.9% male; 50% non-Hispanic white; Mage= 42.23) participated 

in an online experimental survey. Participants read a manipulated news article about precision 

medicine research that conveyed either certainty or uncertainty of each type (scientific, data). 

Participants then rated their attitudes toward the research, trust in the researchers, and 

willingness to join a cohort. We tested direct and mediated paths between message condition and 

outcomes and examined individual characteristics as moderators.  

Results: Overall attitudes were positive and a majority of participants (65%) reported being 

somewhat or very likely to participate in precision medicine research if invited. Conveying 

uncertainty of either type had no overall main effect on outcomes. Instead, those who reported 

perceiving greater uncertainty had lower attitudes, trust, and willingness to join, while those with 

more tolerance for uncertainty, support for science, and scientific understanding responded 

favorably to the scientific uncertainty disclosure. 

Conclusions: Findings suggest responses to precision medicine research uncertainty are nuanced 

and that successful cohort enrollment may be well-supported by a transparent approach to 

communicating with prospective participants. 

        Keywords: precision medicine, genomics, research recruitment, uncertainty, communication  
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The goal of precision medicine (PM) is to prevent or treat diseases more precisely by 

tailoring approaches to a person’s genetic, physiological, environment and lifestyle factors [1, 2]. 

Today, PM remains an emerging concept with considerable research needed to become a clinical 

reality, and large segments of the public are being recruited into PM research cohorts, such as the 

National Institutes of Health-led All of Us research program, to support discovery [1]. These 

research programs collect volunteers’ DNA and other health-relevant information, including 

clinical diagnoses, data from wearables, and self-reported health behaviors.  

Because the nature of PM research is highly exploratory and largely correlational, it is 

expected to involve a great deal of uncertainty in its early stages [3]. For prospective PM 

research participants, two forms of uncertainty are salient: uncertainty about the scientific benefit 

of sharing one’s personal health data for research (scientific uncertainty) and uncertainty about 

the privacy, security, and intended uses of one’s data (data uncertainty). Scientific and data 

related uncertainties in PM research have not been widely communicated to the public. Instead, 

PM is typically described by highlighting anticipated benefits and presenting these in rather 

certain terms, without mention of caveats and limitations [4, 5]. Highly certain claims have 

characterized most news coverage of PM research [4] as well as public facing research program 

recruitment efforts [6]. However, transparency about the research process is considered key to 

supporting informed decisions about PM research participation from a diverse group of 

volunteers [2, 7–9]. Calls have been issued for research to identify which communication 

approaches support informed decision making—while ideally also building public support, 

engagement, and trust—in this novel biomedical research domain [7–13]. 

Answering this call, the current study compared the effects of describing scientific and 

data related aspects of PM research participation as certain or uncertain. The varied depictions 
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were embedded in a news story, which is often the public’s first point of contact with 

information about emerging biomedical research. Potentially, conveying certainty or uncertainty 

in news stories has an impact on public reactions toward the research, and it is possible that 

effects vary by uncertainty type. In this study, an online panel of U.S. adults read these varied 

depictions and then reported attitudes toward participating in PM research, trust in the 

researchers, and willingness to join a research cohort. We also examined uncertainty perceptions 

as mediators and individual characteristics as moderators of these communication effects.  

How Individuals Process Uncertainty: Theoretical Frameworks 

No theoretical framework exists yet to explain how individuals process and respond to 

scientific or data uncertainty in PM research. However, two adjacent theories may be relevant: 

Uncertainty Management Theory (UMT) and Uncertainty in Illness Theory (UIT). Each is 

focused on how people handle illness-related uncertainty and, if applicable to the current context, 

would suggest that responses are likely to be complex and based on a range of factors. For 

example, a key postulate of UMT is that uncertainty is not always appraised negatively and 

people do not necessarily seek to reduce it [14]. Instead, people appraise and act on uncertain 

information based on their underlying motivations in a given context (e.g., to get accurate 

information or to maintain hope). UIT similarly posits that people interpret uncertain information 

subjectively and in accordance with their coping strategy [15]. If these theoretical perspectives 

apply in the context of PM research, we may expect responses to PM uncertainty to be nuanced, 

influenced by individual motivations and perceptual filters, and not inherently negative [14, 15]. 

 According to UMT, an uncertain situation often has multiple layers or aspects of 

uncertainty, and a person may respond differently to each aspect [14]. In PM research, it could 

be that participants are generally fine with scientific uncertainty, but not comfortable with 
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uncertainty about how their data will be used. Or, conversely, it could be that most people are 

willing to sacrifice data certainty, but only if scientific benefit is guaranteed. A third possibility 

is that people are comfortable with one source of uncertainty but not multiple. There may be 

general trends across the population or responses may vary considerably among individuals. 

Uncertainties for the Precision Medicine Research Participant 

PM research is characterized by high uncertainty, including forms of scientific 

uncertainty that limit the utility of research findings [3, 4, 16] and uncertainties related to 

governance of participant data [17, 18]. Although these uncertainties are often disclosed in 

participant consent forms, they are rarely mentioned in public communication about the research 

[4–6]. Arguably, it is this public-facing information that people use to form opinions about PM 

research and decide whether to participate. It is unclear whether describing aspects of PM 

research as certain or uncertain will influence public interest and engagement. 

It is especially important to consider the perspectives of racially and ethnically diverse 

participants, who are typically underrepresented in research and may be wary of the biomedical 

research enterprise [19]. Many PM research programs, including All of Us, seek to recruit 

racially and ethnically diverse participants [8, 9]. Yet several studies and reviews report 

heightened concerns about genetic research participation among ethnic/racial minorities, citing 

concerns about data stewardship and scientific implications [20–23]. It is clear that to preserve 

transparency and support informed decision making will require a clearer understanding of 

responses to PM uncertainties from a diverse pool of prospective research participants. 

Scientific Uncertainty in Precision Medicine Research 

“Scientific uncertainty” is a broad concept that can take many forms [24]. Forms of 

scientific uncertainty in PM research pertain to whether the research efforts will produce findings 
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that are accurate, meaningful, generalizable, and clinically useful [3, 16]. Although PM is 

expected to reduce uncertainty in the long-term, PM research might increase uncertainty in the 

short term when studies produce results that are not clearly interpretable or actionable.  

In deciding whether to participate in PM research, participants may consider the likely 

scientific impact of sharing their biosamples and personal or medical information. A message 

indicating uncertain benefit could dampen people’s attitudes and desire to contribute. However, 

people participate in health research for reasons other than advancing scientific knowledge, such 

as curiosity and feeling a duty to contribute their time [25]. Extant research has focused primarily 

on research participants’ reactions to potential uncertain scientific benefit to themselves (e.g., 

receiving genomic testing results of uncertain significance) [26–28]. However, generating 

knowledge for individual research participants is not a goal of most PM research. Thus, it is 

important to understand how prospective PM research participants feel about uncertain scientific 

benefit to society. Outside the context of genetics, perceiving scientific evidence to be uncertain 

has not been related to lower engagement with science (e.g., the desire to be a citizen scientist) 

[29]. In that study, perceived scientific uncertainty was positively correlated with supportive 

attitudes toward science [29]—perhaps because it was viewed as more realistic and less hyped. 

This finding suggests that conveying uncertain scientific benefit of PM research might have a 

neutral or even positive effect on public attitudes and willingness to participate.  

Whether conveying scientific uncertainty should lower or heighten trust in the scientists 

conducting PM research is also unclear [30]. Some scholars argue that transparency can 

undermine public trust in expert institutions [31], while others claim transparency is essential to 

preserving trust, especially in the context of genetic research [7]. PM researchers could worry 

that drawing attention to uncertainties will make the biomedical research enterprise seem less 
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credible, and thereby make potential volunteers less likely to enroll. Yet it is also possible that 

being informed about uncertainties upfront increases public trust. In the context of cancer 

research, past work found a positive relationship between fuller disclosures of scientific 

uncertainty and audience trust in the scientists [32] and journalists [32, 33]. However, in another 

study, communicating scientific uncertainty lowered trust in public health officials [34]. Whether 

a disclosure about the uncertain scientific benefit of sharing data for PM research will influence 

trust merits further investigation.  

Data Uncertainty in Precision Medicine Research 

The privacy and security of participants’ personal data are additional sources of 

uncertainty for PM research participants. Those who join PM research programs may be asked to 

share DNA samples, geospatial information, electronic medical records (EMRs), data from 

wearables, and a swathe of other health-relevant data [35, 36]. Although precautions will be 

taken in PM research programs to anonymize participant data, as well as to limit data access to 

known and authorized entities, data protection strategies are still in development. Concerns have 

been raised about data privacy, including concerns about the possibility of re-identification of 

data and the potential for discrimination [8, 37, 38]. Data gathered for PM research could face 

some of the same security vulnerabilities as data used in other health contexts [39]. For example, 

EMRs have been a repeated target of employee error and misuse [40]. Despite these inevitable 

uncertainties, privacy and security of participant data are often presented as guaranteed [41, 42]. 

Future use of data also represents a source of uncertainty for research participants. PM 

research is exploratory, and most PM research programs are gathering a wide array of participant 

information for data mining. The data is stored for an undefined duration and used for purposes 

unknown at the time of participant consent, requiring volunteers to give “broad consent” [21]. 
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Scholars have cautioned, “keeping data private and secure will not assure that these data will not 

be misused” [7, p. 10]. Participants will not know who accesses their data or for what purposes. 

Lay attitudes toward privacy of health data have been explored more generally [43] and 

opinions about providing broad consent for research have also been examined [44–48]. In these 

studies, people had mixed feelings toward sharing their data. In a study of attitudes toward 

sharing genomic data despite data-related uncertainty, participants’ privacy and confidentiality 

concerns did not necessarily preclude them from willingness to share [47]. It is unclear whether 

uncertainties in PM research will foster reactions similar to other biomedical research contexts, 

since PM entails collection of a much wider range of personal data from multiple sources (e.g., 

genetic, environment, and lifestyle data) for indeterminate future use [1,17,36]. 

Communicating data uncertainty could also impact trust in the research institutions. 

Current approaches to communicating about data governance in PM research have emphasized 

privacy and security of participant data without noting possible limitations or caveats. One such 

caveat is that participants’ anonymity cannot be guaranteed if, for example, they reveal their 

participation on social media. Other elements of uncertainty include not knowing who will have 

access to participants’ data and how it will be used. The reality is that once a participant’s data is 

in the database, it cannot be removed if a participant withdraws from participation. One study 

found that willingness to participate in PM research did not vary significantly between those who 

were offered transparency about which studies were using their data, and those who were not 

offered this [49]. However, the study did find people significantly less willing to participate if 

the data would be used by pharmaceutical company researchers or by government researchers 

other than the NIH. The impact of disclosing data uncertainty on trust in PM researchers has not 

yet been examined. Such transparency could lessen trust, or alternatively it could heighten trust 
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as a gesture of transparency, especially if the public is already aware of such limitations. 

Individual Characteristics and Perceptions of Uncertainty  

Individual perceptions of uncertainty may be complex and based not only on the 

information that is communicated. For example, science journalists have argued that audiences 

engage in motivated reasoning when reading science news articles [50]. This notion aligns with 

tenets of UMT and UIT claiming that uncertainty appraisal is affected by individual motivations 

and prior experiences [14, 15]. In the context of PM, perceived uncertainty might be shaped by a 

person’s motivation for participating or prior beliefs about the research. This makes it important 

to examine uncertainty perceptions and whether these mediate effects of uncertainty disclosure. 

Just as perceptions of uncertainty may be complex, how people respond to the uncertainty 

they perceive might also be shaped by various factors. Theory and prior research point to three 

individual characteristics that appear fruitful to examine in this context. First, people are thought 

to differ in their dispositional tolerance for uncertainty [51–54]. Though typically studied in 

relation to uncertainty about a person’s own health (e.g., an illness diagnosis), medical ambiguity 

aversion has also been studied as a predictor of responses to scientific uncertainty about a public 

health risk [34]. Conceivably, one’s comfort with uncertainty, either in general or in health 

contexts, could shape their response to uncertainties in PM research participation. Second, 

previously held attitudes toward science can influence how people perceive or respond to 

communication of uncertainty [55]. Thus, support for scientific research could be a preexisting 

stance that influences how people react to PM uncertainty. Third, past work indicates that 

understanding the nature of scientific research may influence responses to uncertainty [34, 56]. 

For example, a recent study found participants to be more affected by how information was 

framed when they were less familiar with the scientific topic [57]. Moreover, being familiar with 



COMMUNICATING PRECISION MEDICINE UNCERTAINTY 

 

10 

science as an ongoing and fallible process should make individuals more tolerant of scientific 

uncertainty [29]. Thus, someone with a greater understanding of the concept of a scientific study 

may be more likely to respond neutrally or even favorably to disclosure of uncertainties inherent 

to the conduct of research.  

Current Study: Hypotheses and Research Questions 

This study examined effects of disclosing scientific and data related uncertainties in PM 

research. Given limited and mixed prior findings, as described above, we posed nondirectional 

research questions. We asked whether responses—namely, (a) attitudes about participating, (b) 

trust in the researchers, and (c) willingness to participate if invited—would differ when scientific 

uncertainty (RQ1) or data uncertainty (RQ2), as opposed to certainty, was communicated. We 

also tested for interaction effects, in case (a) attitudes, (b) trust, or (c) willingness to participate 

differ by uncertainty type (RQ3) or when both types (vs. just one) are communicated (RQ4). 

Guided by uncertainty management frameworks and empirical findings from relevant 

domains, as reviewed above, we also predicted influential roles of uncertainty perceptions and 

individual characteristics. We expected perceptions of scientific uncertainty (H1) and data 

uncertainty (H2) to mediate the relationship between uncertainty disclosure and (a) attitudes, (b) 

trust, and (c) willingness to participate. We also expected the effect of communicating scientific 

uncertainty on (a) attitudes, (b) trust, and (c) willingness to participate to be moderated directly 

or indirectly by uncertainty tolerance (H3), support for science (H4), and scientific understanding 

(H5). We similarly expected the effects of communicating data uncertainty (a–c) to be moderated 

by uncertainty tolerance (H6), support for science (H7), and scientific understanding (H8). 

Hypotheses and research questions are depicted in Figure 1. 

 



COMMUNICATING PRECISION MEDICINE UNCERTAINTY 

 

11 

Methods 

Sampling Procedures 

Adults 18 and older living in the United States were recruited through Qualtrics Panel 

Services during February and March of 2019 to participate in an online experiment. Given the 

importance of including diverse participants in PM research, we specified quotas for sex, race, 

and ethnicity, so that the sample would be comprised of an even split of male and female 

participants, with at least 20% identifying as Hispanic and at least 40% identifying as nonwhite. 

G*Power (Faul et al., 2009) was used to identify a target sample size for the study. For a 

two-way ANCOVA with power .95, G*Power identified target sample sizes of 210 (f = .25), 580 

(f = .15), and 1302 (f = .10; Cohen, 1992). Past research in this area has observed small-to-

medium sized effects; the current study targeted a sample size of 580 to consistently identify 

effects of this size. The final sample size, after incomplete responses were removed, was 674. 

That sample provides adequate power (.80) for effects as small as .11.  

Study Design 

We embedded a modified news article in the survey that described scientific discovery 

and data privacy/security as certain or uncertain. Participants were randomly assigned to one of 

the four article conditions in a 2 (scientific uncertainty: certain, uncertain) ´ 2 (data uncertainty: 

certain, uncertain) between-participants design. Before article exposure, participants reported 

sociodemographic and other individual difference information. After reading the article, they 

were asked to reflect on the content and answer questions about their reactions toward aspects of 

PM research. Measures were the same across conditions. After completion, participants were 

debriefed about the article manipulation and shown the original news article. Median time to 

complete the survey was 12 minutes. The study was approved by a university IRB.  
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Survey and Stimulus Development 

The questionnaire and experimental stimuli were tested and refined through a process of 

cognitive interviewing (N = 5) and pilot testing with a separate student sample (N = 180). The 

base for the stimulus was a Chicago Tribune article about PM research, which we shortened and 

modified to contain a statement of certainty or uncertainty for each domain. The uncertainty 

statements were depicted using a “normalizing” frame [34] explaining that uncertainty in each 

domain can be expected given the complex nature of the research process. Results from pilot 

testing led us to add “callout boxes,” a common feature of news articles, containing repeated, 

condensed versions of the (un)certainty statements. This served to strengthen the manipulation 

and ensure that participants who skimmed the article would still get the main takeaways. After 

establishing efficacy of the instrument, the study proceeded to data collection. Stimuli are 

presented in Supplementary Material 1. 

Quality Checks 

 After collecting an initial sample of 732 responses, nonmeaningful survey responses were 

removed from the data, yielding a final sample of 674. Cases were removed if participants did 

not pass the attention check (a multiple-choice question about the article topic), gave a 

nonmeaningful (i.e., gibberish or off-topic) answer to open-ended questions, completed the 

survey in under one-third median time, or spent less than 5 seconds reading the stimulus article. 

Measures 

Attitudes toward participating. Participants responded to the question “In your opinion, 

participating in precision medicine research like what was described in the article would be…” 

Response options were on a 7-point semantic differential scale with the anchors: 

worthless/valuable, bad/good, harmful/beneficial, not helpful/helpful, unproductive/productive, 
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foolish/wise, and not useful/useful (M = 5.52, SD = 1.3; α = .96). 

Trust in the researchers. Participants completed a 3-item scale using items that 

represent the “trustworthy” dimension of credibility [58]. They reported the extent to which they 

thought the organizations leading the research program in the article were trustworthy, honest, 

and ethical (1 = strongly disagree, 5 = strongly agree; M = 3.52, SD = .83, α = .90). 

Willingness to participate. A single item asked participants: “If you are invited to 

participate in a precision medicine research program like the one described in the article, how 

likely are you to join?” (not at all likely, somewhat likely, very likely, or not sure). “Not sure” 

responses were excluded from main analyses; rationale and an analysis including “not sure” 

responses are provided in Supplementary Material 4. 

Perceived uncertainty. Perceptions of scientific and data uncertainty were measured 

with items created for this study. Participants were asked to rate how certain they feel, based on 

the article, about each aspect of the research (i.e., that “Participant data will lead to scientific 

discoveries that benefit people's health” and that “Participant data will be kept private and secure 

over time”; 1 = not at all certain to 5 = extremely certain). The prompts were worded in terms of 

certainty, as this was deemed a more natural way for participants to consider the question. The 

scales were then reversed for analyses, so a higher value represents greater uncertainty.  

Intolerance of uncertainty. The 12-item Intolerance of Uncertainty short-form scale 

[59] was used to assess dispositional orientation toward ambiguous situations and future 

uncertainty. Items included “It frustrates me not having all the information I need” and “The 

smallest doubt can stop me from acting” (1 = not at all characteristic of me, 5 = entirely 

characteristic of me; M = 2.71, SD = .81; α = .90). 

Support for scientific research. An item from the NSF Science & Engineering 
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Indicators used in prior uncertainty research [32] asked how much participants agree that “Even 

if it brings no immediate benefits, scientific research that advances the frontiers of knowledge is 

necessary and should be supported by the Federal Government” (1 = strongly disagree, 5 = 

strongly agree; M = 3.92, SD = 1.06). 

Understanding of a scientific study. Another item from the NSF Indicators asked 

participants to rate their understanding of the concept of a “scientific study” (1 = little 

understanding, 2 = general sense, 3 = clear understanding; M = 2.37, SD = .61). Responses from 

a fourth “don’t know” category (<1% of sample) were treated as missing in analyses. 

Prior awareness of PM. To gauge general awareness of PM research, participants were 

asked whether they had heard about precision medicine or the All of Us research program. Sixty-

six participants, or roughly 10%, answered yes; roughly 90% answered no or not sure. 

Analysis 

All analyses were conducted using SPSS version 22. Income and ethnicity were 

imbalanced across conditions and thus controlled for in all analyses, with income treated as a six-

level variable and ethnicity treated as binary (see Supplementary Table 2). Separate univariate 

two-way ANCOVA models were used to estimate the direct effects of communicating 

uncertainty on each primary outcome (RQ1–RQ2). To answer RQ3 and RQ4, interaction terms 

were included in univariate ANCOVA models. Simple mediation analyses were conducted using 

the regression-based path analysis tool PROCESS (model 4) in SPSS, in order to examine 

perceived uncertainty as a mediator (H1 and H2). Conditional process (moderated mediation) 

analyses were conducted using PROCESS model 59 to answer H3–H8. Model 59 tests whether 

direct or indirect effects are conditional upon values of a moderator [60]. Thus, this model was 

used to examine whether each individual difference variable moderated the direct path from 
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message to outcome, or the path from message to perception, or the path from perception to 

outcome (see Figure 1). It is plausible that individual characteristics would influence any of these 

processing pathways, and there is not prior guidance from theory to inform predictions. Thus, 

testing all possible conditional direct and indirect effects can help to illuminate where in the 

process these variables exert influence and help to build theory. The Johnson-Neyman technique 

was used to probe interactions and identify regions of significance at different values of the 

moderator [60]. In line with Hayes’s recommendation, the threshold for probing interactions was 

set at p < .10.  

Results 

Bivariate correlations between study variables are reported in Table 1. 

Participant Characteristics 

In the final analytic sample (N = 674), 43.5% of respondents identified as nonwhite or 

mixed race and 18.7% identified as Hispanic, while 50% identified as non-Hispanic white. The 

sample was comprised of 47.9% females (51.9% male and .1% nonbinary gender) ages 18–84 

(Mage = 42.23, SD = 14.67), and 61.1% had completed a two-year college degree or more. The 

sample was diverse across ages and levels of education and income. Full participant 

characteristics are reported in Supplementary Table 2.  

Main Effects of Communicating Uncertainty (RQ1 and RQ2)  

Two-way ANCOVAs, with income and ethnicity as covariates, showed no main effect of 

communicating scientific uncertainty—compared to certainty—on (a) attitudes toward PM 

research, (b) researcher trustworthiness, or (c) willingness to participate (RQ1). Similarly, there 

was no main effect of communicating data uncertainty on (a) attitudes, (b) trust, or (c) 

willingness to participate (RQ2). Participants’ uncertainty perceptions did, however, align with 
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their respective conditions, indicating the article manipulations were perceived as intended. 

Results are reported by factor in Table 2 and by condition in Supplementary Material 3). 

Interaction Effects Between Types of Uncertainty (RQ3 and RQ4)  

We examined whether one uncertainty type would have a stronger impact than the other 

(RQ3) and whether effects would be stronger when both uncertainty types were communicated 

instead of just one type (RQ4). There was no overall interaction effect for attitudes, F(1,668) = 

.06, p = .81; trust, F(1,668) = 1.03, p = .31; or willingness to participate, F(1,591) = .19, p = .66. 

Pairwise comparisons indicated no difference between groups 2 and 3 (scientific uncertainty only 

vs. data uncertainty only) on outcomes, and no difference between group 4 versus 2 (both types 

vs. scientific only) or between group 4 versus 3 (both types vs. data only) on outcomes.  

Perceived Uncertainty as a Mediator (H1 and H2)  

 Consistent with the hypothesized pathways, both perceived scientific uncertainty (H1) 

and perceived data uncertainty (H2) mediated the relationship between message condition and 

outcomes. Disclosing scientific uncertainty led to higher perceived scientific uncertainty, which 

led to less favorable (a) attitudes, (b) trust, and (c) willingness to participate. The same pattern 

emerged for data uncertainty. When accounting for these indirect effects, there were positive 

direct effects of scientific disclosure on attitudes and trust. Coefficients are reported in Table 3. 

Individual Differences: Moderated Mediation Analyses (H3–H8)  

Three individual characteristics were examined as moderators of the direct or indirect 

effects of disclosure of scientific uncertainty (H3–H5) and data uncertainty (H6–H8). Results are 

reported below. Visual depictions of significant paths are presented in Supplementary Material 5. 

The labels “low,” “moderate,” and “high” correspond approximately with 1 standard deviation 

below the mean, values near the mean, and 1 standard deviation above the mean, respectively.  
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Scientific Uncertainty Disclosure  

Intolerance of uncertainty (H3). The index of moderated mediation was not significant 

for (a) attitudes, (b) trust, or (c) willingness to join. In other words, the negative indirect effect of 

disclosure via perceived uncertainty held at all levels of intolerance. Answering H3a, intolerance 

of uncertainty moderated the direct pathway: disclosing uncertainty had a positive effect on 

attitudes for those with low to moderate intolerance (M £ 3.20 on a 5-point scale; 74% of 

sample). Answering H3b, disclosing uncertainty also had a positive direct effect on trust for 

those with low to moderate intolerance (M £ 3.20). However, intolerance of uncertainty also 

moderated the b path such that the negative relationship between perceived uncertainty and trust 

attenuated as uncertainty intolerance increased (from an effect of –.45 at low intolerance to –.15 

at high intolerance). Answering H3c, intolerance did not moderate the direct or b paths for 

willingness to participate. Intolerance of uncertainty did not moderate the a path from message to 

perceived scientific uncertainty. 

Support for science (H4). The index of moderated mediation was significant for (a) 

attitudes, (b) trust, and (c) willingness to join. For all three outcomes, the negative indirect effect 

of disclosure via perceived uncertainty was only significant for those with support at or above 

the sample mean (4 or above on a 5-point scale; 70.5% of sample); for those low in support for 

science, the indirect effect was small and not significant. Answering H4a, support for science 

moderated the b path such that the negative relationship between perceived uncertainty and 

attitudes attenuated as support increased (from an effect of –.82 at low support to –.57 at high 

support). Additionally, with support and perceived uncertainty accounted for, a direct positive 

effect of communicating uncertainty on attitudes was now significant at all levels of support. 

Answering H4b, disclosing uncertainty had a direct positive effect on trust for those with support 
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at the sample mean or higher (4 or above). Support did not moderate the b path from perceived 

uncertainty to trust. Answering H4c, support did not moderate the direct or b paths for 

willingness to join. Support did not moderate the a path from message to perceived uncertainty.  

Understanding of a scientific study (H5). The index of moderated mediation was not 

significant for (a) attitudes or (b) trust, but was significant for (c) willingness to join. For those 

reporting high understanding of the concept of a scientific study, the negative indirect effect of 

disclosure on willingness via perceived uncertainty was small and nonsignificant. Answering 

H5a, understanding moderated the direct pathway: disclosing uncertainty had a positive effect on 

attitudes for those at the mean level of understanding or higher (M ≥ 1.89; 93% of sample). 

Answering H5b, disclosing uncertainty also had a positive effect on trust for those at mid to high 

understanding (M ≥ 2.19; 44% of the sample). At the same time, understanding moderated the b 

path such that the negative relationship between perceived uncertainty and trust strengthened as 

understanding increased (from an effect of –.19 at low understanding to –.38 at high 

understanding). Answering H5c, disclosing uncertainty had a direct positive effect on 

willingness only for those with low understanding (6% of the sample). Understanding did not 

moderate the a path from message to perceived uncertainty. 

Data Uncertainty Disclosure 

Intolerance of uncertainty (H6). The index of moderated mediation was not significant 

for (a) attitudes, (b) trust, or (c) willingness to join, meaning the negative indirect effects of 

disclosure via perceived uncertainty held at all levels of intolerance. Answering H6a, intolerance 

of uncertainty moderated the direct pathway such that disclosing data uncertainty had a positive 

effect on attitudes for those with high intolerance (M ≥ 3.39 on a 5-point scale, or 20.77% of the 

sample)—opposite from its effect for disclosure of scientific uncertainty. Further, intolerance 
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moderated the b path such that the negative relationship between perceived uncertainty and 

attitudes attenuated as intolerance increased (from an effect of –.68 at low intolerance to –.31 at 

high intolerance). Answering H6b, there was again a conditional direct effect: at higher levels of 

intolerance (M ≥ 3.02; 32.49% of the sample), disclosing data uncertainty had a positive effect 

on trust. Further, the negative relationship between perceived uncertainty and trust attenuated as 

intolerance increased (from an effect of –.45 at low intolerance to –.17 at high intolerance). 

Answering H6c, there was no conditional effect of intolerance of uncertainty on the direct or b 

paths for willingness to participate. Lastly, intolerance did not moderate the a path from message 

to perceived data uncertainty.  

Support for science (H7). The index of moderated mediation was not significant for (a) 

attitudes, (b) trust, or (c) willingness to join, meaning the negative indirect effects of disclosure 

via perceived uncertainty held at all levels of support. Answering H7a–c, support for science did 

not moderate the direct or b paths. Support for science also did not moderate the a path from 

message to perceived data uncertainty. 

Understanding of a scientific study (H8). The index of moderated mediation was not 

significant for (a) attitudes or (b) trust, or (c) willingness to join, meaning the negative indirect 

effects via perceived uncertainty held at all levels of understanding. Answering H8a–c, 

understanding did not moderate the direct or b paths. Understanding of a scientific study also did 

not moderate the a path from message to perceived data uncertainty.  

Follow-up Analyses: Perceived Ethicality 

Given that ethical implications are central to discussions of both PM research [7–9] and 

transparent science communication [61], we conducted post hoc analyses to examine the effect 

of disclosure for the single ethicality item from the broader trust scale. Three notable findings 
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emerged. First, message factor influenced perceived ethicality of the researchers, with the 

scientific uncertainty messages generating more perceived ethicality (M = 3.62, SD = .88) than 

the scientific certainty messages (M = 3.48, SD = .94; t(672) = 1.96, p = .048)—an effect that did 

not emerge for the full trustworthiness scale. Second, ethicality ratings were higher for disclosure 

of scientific uncertainty (M = 3.68, SD = .85) than data uncertainty (M = 3.47, SD = .91), t(331) 

= 2.15, p = .03. Given these results, we tested perceived ethicality as a mediator in parallel to 

perceived scientific uncertainty. While the negative indirect path via perceived uncertainty 

remained, perceived ethicality positively mediated the relationship between scientific uncertainty 

disclosure and attitudes (effect = .06, boot SE = .03, boot 95% CI: .01, .12) and willingness to 

participate (effect = .06, boot SE = .03, boot 95% CI: .01, .12; see path coefficients in 

Supplementary Material 6).  

Discussion 

Embedded in a news article experiment, this study examined public responses to the 

communication of two types of PM research uncertainty: uncertain scientific impact and 

uncertain future use and governance of participant data. Overall, attitudes toward participating in 

PM research were favorable (M = 5.5 on a 7-point scale), consistent with other surveys [49]. A 

majority of respondents reported being somewhat (39%) or very (26%) likely to participate in 

PM research if invited, and trust in the research organizations was generally high (M = 3.5 out of 

5). Communicating scientific or data uncertainty did not uniformly affect attitudes, trust, or 

willingness to participate. Further, neither type of uncertainty appeared to loom larger for 

participants, and communicating both types together also did not significantly impact outcomes.  

Indirect and Conditional Effects of Uncertainty Disclosure 

A second goal of this study was to examine the influence of uncertainty perceptions and 
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individual characteristics on reactions to uncertainty disclosure. Perceived uncertainty negatively 

mediated the relationship between disclosure and all outcomes for both scientific and data 

uncertainty. But uncertainty perceptions appeared only somewhat driven by disclosure: 

correlations between perceiving uncertainty and receiving an uncertain (vs. certain) message 

were r = .16 for each uncertainty type. This suggests other factors, in addition to message 

content, likely influenced uncertainty perceptions.  

Three individual difference variables were examined as moderators of the direct or 

indirect effects of uncertainty disclosure. As described above and shown in Supplementary 

Material 5, none of these characteristics moderated the path from message to perceived 

uncertainty. However, they did moderate the direct and b paths in nuanced ways. For those 

higher in support for science, the scientific uncertainty disclosure had a direct positive effect on 

trust in the scientists. For those reporting that they understand the concept of a scientific study, 

the disclosure had a direct positive effect on both trust and attitudes toward participating. These 

two characteristics did not moderate processing pathways for data uncertainty. One possible 

reason for these moderation patterns is that scientific uncertainty disclosure is well-received by 

those with greater interest in or familiarity with science. Interestingly, higher self-rated 

understanding also associated with a stronger negative indirect effect on trust via perceived 

uncertainty. This suggests possible competing motivational pathways: for some people, a better 

understanding of science might lead them to expect uncertainty and appreciate its disclosure, 

while for others, it might lead to more interest in the success of the research and thus greater 

disappointment about possible lack of benefit. Results of the parallel mediation analyses shown 

in Supplementary Material 6 lend further support to the possibility of these competing pathways, 

as disclosure produced positive effects via greater perceived ethicality but negative effects via 
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perceived uncertain benefit. Future research should try to identify factors that influence which 

motivational path an individual follows.  

Support for science showed an alternate pattern, however: higher support attenuated the 

negative indirect effect of disclosure on attitudes via perceived uncertainty. Given that 

participants were asked to rate the value of scientific research “even if it brings no immediate 

benefits,” it makes sense that perceiving uncertainty would not dampen attitudes for those higher 

in support. 

Dispositional uncertainty tolerance also played a complex role in participants’ 

evaluations, operating in different ways for scientific and data uncertainty. Disclosing scientific 

uncertainty had a direct positive impact on attitudes and trust for those more tolerant of 

uncertainty (as one would expect), while disclosing data uncertainty had a direct positive impact 

on attitudes and trust for those less tolerant of uncertainty. For both scientific and data 

uncertainty, negative indirect effects of uncertainty disclosure attenuated as intolerance 

increased. Why would intolerance of uncertainty associate with more favorable reactions to its 

disclosure in some cases? Potentially, people who dislike uncertainty are more apt to tune it 

out—a possibility that seems supported by the inverse correlations between intolerance of 

uncertainty and perceived uncertainty of both types (see Table 1). Instead of being more 

sensitive to uncertainty depictions, discomfort with uncertainty might cause some people to feel 

less prepared to process it and thus to selectively ignore it. At the same time, uncertainty 

tolerance did not moderate the path from condition to perceptions, so it may be that those less 

tolerant tend to perceive less uncertainty regardless of what is communicated. The relationship 

between uncertainty tolerance and uncertainty perceptions merits further exploration. 

Strengths, Limitations, and Future Directions  
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This study is the first to examine whether uncertainty—specifically, communication 

about scientific and data uncertainty—is likely to influence public responses to PM research. 

Prior surveys did not portray either aspect of uncertainty when soliciting public attitudes about 

PM research [49], making this important to investigate. Another strength of this study is that it 

used a real news article as the base for the experimental manipulation, rendering it similar to 

what audiences would naturally encounter. A third strength of this research is the diversity of the 

sample in terms of race and ethnicity, age, education, and income levels. Understanding the 

perspectives of individuals from diverse groups, especially racial/ethnicity minority groups, is 

critical because their inclusion in PM research is essential to fair outcomes [7, 8].  

Some limitations should also be noted. First, we used an internet panel and assessed self-

reported willingness to participate rather than actual participation. Thus, our findings are most 

applicable to public communication, such as news, op-eds, and media-based recruitment 

campaigns, where individuals may first hear about PM research opportunities but not yet be 

deciding whether to participate. While use of promissory language is common in those formats, 

it is uncommon in formal research recruitment materials and consent forms; yet future studies 

could build on our findings to examine how best to convey uncertainty in those contexts, as well.  

Second, participants who received statements of certainty may have come away from this 

study with an unrealistic sense of the scientific and data related implications of PM research. Our 

content was based on language observed in real news articles and op-eds about this type of 

research, making it similar to what someone might encounter in daily life. To avoid 

misinforming participants, we debriefed them about the article manipulations at the end of the 

study. We hasten to note that individuals would glean a more realistic picture of the prospective 
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benefits and risks of participation during the consent process if they ultimately decide to 

participate in PM research.  

The difference between the two types of uncertainty should also be emphasized: while 

scientific uncertainty refers to uncertain benefit to society in this context, data uncertainty refers 

to uncertain risk to the participant. Although disclosing data related uncertainty did not have an 

overall impact on hypothetical willingness to volunteer among our sample, this factor might 

loom larger for individuals actually deciding whether to participate in PM research. Relatedly, 

being invited to participate in an actual setting might motivate people to scrutinize the 

information more closely than the participants did in our study. Thus, follow-up studies should 

examine the impact of uncertainty disclosure on additional outcomes, such as information-

seeking and actual decision to participate.  

The current study presented each aspect of uncertainty as an inherent part of the PM 

research process, and this “normalized uncertainty” frame [34, 62] may have contributed to 

participants’ general receptiveness toward PM despite uncertainty disclosures, especially for 

scientific uncertainty and among those tolerant of uncertainty or more invested in science. Thus, 

future research might compare effects of uncertainty disclosure with and without a normalizing 

frame. Future experiments could also examine whether some uncertainty-framing approaches are 

optimal for engaging audiences based on specific characteristics such as intolerance for 

uncertainty, as well as other variables not studied here. Lastly, future studies could include a 

control message unrelated to PM to test for simple information effects.  

Future studies should also examine factors that influence willingness to participate, which 

was largely unexplained by message condition and individual difference moderators in our study. 

It also remains unclear which factors, beyond message condition, might have shaped uncertainty 
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perceptions. Several audience characteristics correlated with each of these variables, as shown in 

Table 1, and these deserve further attention in future studies. For example, higher age correlated 

with lower willingness to participate and higher perceived uncertainty. Attention to both age 

differences and cohort effects will be important in future research in this context. 

Those with more support for science and understanding of a scientific study—variables 

that might be related to higher scientific literacy or interest—reported greater willingness to 

participate and less perceived uncertainty. Potentially, motivated reasoning could again explain 

the results, with the perceived (un)certainty measures capturing optimism or pessimism about the 

research. Individuals who are more enthusiastic about research in general might feel more 

confident of positive outcomes. Although the items asked participants to appraise the level of 

certainty based on the article, it is highly plausible that respondents drew upon their attitudes 

toward biomedical research more broadly. Most participants (90%) said they had not previously 

heard of PM. Nonetheless, people often draw on relevant past beliefs, attitudes, and experiences 

when evaluating information about new scientific initiatives [55] and when evaluating 

uncertainty [15]. This aligns with key theoretical postulates of UIT, which claims that people 

appraise uncertainty as an opportunity or a danger based on relevant prior knowledge or 

experiences [15], and UMT, which posits that people manage uncertainty depending on their 

motivations (e.g., to maintain hope) [14].  

Lastly, while there was no main effect of disclosure on trust, a post hoc analysis of the 

ethical item separated from the trust scale showed that participants who received the scientific 

uncertainty (vs. certainty) article rated the research institutions as more ethical. Ethicality may 

represent something unique and distinct from trustworthiness in this context. Although we 

consider this finding tentative, a potential relationship between communicating scientific 
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(un)certainty and perceived ethicality merits further testing—ideally with an expanded, multi-

item ethicality measure—given the important link between ethicality and transparency in PM 

research [7–9]. 

Conclusion 

Given the ethical implications of novel PM research, which is characterized by numerous 

uncertainties, it is critical to understand which communication approaches will support an 

informed public—including prospective research volunteers [7, 8, 11]. In the current study, 

disclosure of scientific and data related uncertainties did not have a main effect on attitudes 

toward participating, trust in the researchers, or willingness to join a PM cohort, and scientific 

uncertainty disclosure led to higher perceived researcher ethicality. Beyond this, responses 

appeared largely shaped by individual characteristics and perceptual filters. A next step is to 

uncover why certain groups are less comfortable with uncertainty in order to develop messages 

that address their concerns. Additionally, for those low in scientific understanding or tolerance 

for uncertainty, enhancing the “normalized uncertainty” frame [34, 62]—for example, by 

providing further information to help audiences understand that some uncertainty is inevitable in 

the process of scientific discovery—could support the aims of both transparency and effective 

recruitment of a diverse group of volunteers. The potential utility of normalized uncertainty 

frames for promoting public engagement in PM—both in public communication and in formal 

recruitment and consent processes—warrants further study. 

  



COMMUNICATING PRECISION MEDICINE UNCERTAINTY 

 

27 

References 

1.  Collins FS, Varmus H. A New Initiative on Precision Medicine. N Engl J Med. 
2015;372(9):793-795. doi:10.1056/NEJMp1500523 

2.  National Research Council (U.S.), ed. Toward Precision Medicine: Building a Knowledge 
Network for Biomedical Research and a New Taxonomy of Disease. National Academies 
Press; 2011. 

3.  Ioannidis JPA, Khoury MJ. Evidence-based medicine and big genomic data. Hum Mol 
Genet. 2018;27(R1):R2-R7. doi:10.1093/hmg/ddy065 

4.  Marcon AR, Bieber M, Caulfield T. Representing a “revolution”: how the popular press has 
portrayed personalized medicine. Genet Med. Published online January 4, 2018. 
doi:10.1038/gim.2017.217 

5.  Dumas-Mallet E, Smith A, Boraud T, Gonon F. Scientific uncertainty in the press: How 
newspapers describe initial biomedical findings. Sci Commun. 2018;40(1):124-141.  

6.  Joyce M. NIH uses dodgy PR to enroll one million Americans in its “All of Us” precision 
medicine program.http://www.healthnewsreview.org/2018/05/nih-all-of-us-pr/. Published 
May 8, 2018. 

7.  Ferryman K, Pitcan M. Fairness in Precision Medicine Report. Data & Society; 2018. 
Retrieved from https://datasociety.net/research/fairness-precision-medicine/ 

8.  Sankar PL, Parker LS. The Precision Medicine Initiative’s All of Us Research Program: an 
agenda for research on its ethical, legal, and social issues. Genet Med. 2017;19(7):743-750. 

9.  All of Us Research Program. Ethical, Legal, and Social Implications in the All of Us 
Research Program: Learnings, Vision, and Approach for Addressing Current and Emergent 
Issues. Published online November 2020. 
https://allofus.nih.gov/sites/default/files/ELSI_White_Paper.pdf 

10.  Kaphingst KA, Peterson E, Zhao J, et al. Cancer communication research in the era of 
genomics and precision medicine: a scoping review. Genet Med. 2019;21(8):1691-1698.  

11.  Ratcliff CL, Kaphingst KA, Jensen JD. When Personal Feels Invasive: Foreseeing 
Challenges in Precision Medicine Communication. J Health Commun. 2018;23(2):144-152. 

12.  Scherr CL, Dean M, Clayton MF, et al. A Research Agenda for Communication Scholars in 
the Precision Medicine Era. J Health Commun. 2017;22(10):839-848. 

13.  Morgan SE, Occa A, Peng W, McFarlane SJ. Evidence‐Based Communication in Clinical, 
Mass Media, and Social Media Contexts to Enhance Informed Consent for Participation in 
Clinical Trials and Precision Medicine Initiatives. In: O’Hair HD, O’Hair MJ, Hester EB, 
Geegan S, eds. The Handbook of Applied Communication Research. 1st ed. Wiley; 
2020:897-915. doi:10.1002/9781119399926.ch49 

14.  Brashers DE. Communication and uncertainty management. J Commun. 2001;51(3):477-
497. doi:10.1111/j.1460-2466.2001.tb02892.x 

15.  Mishel MH. Reconceptualization of the Uncertainty in Illness Theory. Image J Nurs Sch. 
1990;22(4):256-262. doi:10.1111/j.1547-5069.1990.tb00225.x 

16.  Howard HC, Iwarsson E. Mapping uncertainty in genomics. J Risk Res. 2018;21(2):117-



COMMUNICATING PRECISION MEDICINE UNCERTAINTY 

 

28 

128. doi:10.1080/13669877.2016.1215344 
17.  Bonomi L, Huang Y, Ohno-Machado L. Privacy challenges and research opportunities for 

genomic data sharing. Nat Genet. 2020;52(7):646-654. doi:10.1038/s41588-020-0651-0 
18.  Caulfield T, Murdoch B. Genes, cells, and biobanks: Yes, there’s still a consent problem. 

PLOS Biol. 2017;15(7):e2002654. doi:10.1371/journal.pbio.2002654 
19.  Scherr C, Aufox S, Ross A, Ramesh S, Wicklund C, Smith M. What People Want to Know 

About Their Genes: A Critical Review of the Literature on Large-Scale Genome 
Sequencing Studies. Healthcare. 2018;6(3):96. doi:10.3390/healthcare6030096 

20.  Clayton EW, Halverson CM, Sathe NA, Malin BA. A systematic literature review of 
individuals’ perspectives on privacy and genetic information in the United States. Wang W, 
ed. PLOS ONE. 2018;13(10):e0204417. doi:10.1371/journal.pone.0204417 

21.  Sanderson SC, Brothers KB, Mercaldo ND, et al. Public Attitudes toward Consent and Data 
Sharing in Biobank Research: A Large Multi-site Experimental Survey in the US. Am J 
Hum Genet. 2017;100(3):414-427. doi:10.1016/j.ajhg.2017.01.021 

22.  Taitingfong R, Bloss CS, Triplett C, et al. A systematic literature review of Native 
American and Pacific Islanders’ perspectives on health data privacy in the United States. J 
Am Med Inform Assoc. Published online October 15, 2020:ocaa235.  

23.  Scherr CL, Ramesh S, Marshall-Fricker C, Perera MA. A review of African Americans’ 
beliefs and attitudes about genomic studies: Opportunities for message design. Front Genet. 
2019;10. doi:10.3389/fgene.2019.00548 

24.  Gustafson A, Rice RE. A review of the effects of uncertainty in public science 
communication. Public Underst Sci. 2020;29(6):614-633. doi:10.1177/0963662520942122 

25.  Cox SM, McDonald M. Ethics is for human subjects too: Participant perspectives on 
responsibility in health research. Soc Sci Med. 2013;98:224-231.  

26.  Biesecker BB, Woolford SW, Klein WMP, et al. PUGS: A novel scale to assess perceptions 
of uncertainties in genome sequencing: Perceptions of Uncertainties in Genome 
Sequencing. Clin Genet. 2017;92(2):172-179. doi:10.1111/cge.12949 

27.  Kaphingst K, Janoff J, Harris L, Emmons K. Views of female breast cancer patients who 
donated biologic samples regarding storage and use of samples for genetic research. Clin 
Genet. 2006;69(5):393-398. doi:10.1111/j.1399-0004.2006.00614.x 

28.  Biesecker BB, Klein W, Lewis KL, et al. How do research participants perceive 
“uncertainty” in genome sequencing? Genet Med. 2014;16(12):977-980.  

29.  Retzbach J, Otto L, Maier M. Measuring the perceived uncertainty of scientific evidence 
and its relationship to engagement with science. Public Underst Sci. 2016;25(6):638-655. 
doi:10.1177/0963662515575253 

30.  Master Z, Resnik DB. Hype and Public Trust in Science. Sci Eng Ethics. 2013;19(2):321-
335. doi:10.1007/s11948-011-9327-6 

31.  O’Neill O. A Question of Trust. Cambridge University Press; 2003. 
32.  Jensen JD. Scientific uncertainty in news coverage of cancer research: Effects of hedging 

on scientists and journalists credibility. Hum Commun Res. 2008;34(3):347-369.  



COMMUNICATING PRECISION MEDICINE UNCERTAINTY 

 

29 

33.  Ratcliff CL, Jensen JD, Christy K, Crossley K, Krakow M. News coverage of cancer 
research: Does disclosure of scientific uncertainty enhance credibility? In: H. D. O’Hair 
(Ed.), Risk and Health Communication in an Evolving Media Environment. Routledge; 
2018:156-175. 

34.  Han PKJ, Zikmund-Fisher BJ, Duarte CW, et al. Communication of scientific uncertainty 
about a novel pandemic health threat: Ambiguity aversion and its mechanisms. J Health 
Commun. Published online April 12, 2018:1-10. doi:10.1080/10810730.2018.1461961 

35.  Wears RL, Williams DJ. Big Questions for “Big Data.” Ann Emerg Med. 2016;67(2):237-
239. doi:10.1016/j.annemergmed.2015.09.019 

36.  Weber GM, Mandl KD, Kohane IS. Finding the Missing Link for Big Biomedical Data. 
JAMA. Published online May 22, 2014. doi:10.1001/jama.2014.4228 

37.  Adams SA, Petersen C. Precision medicine: opportunities, possibilities, and challenges for 
patients and providers. J Am Med Inform Assoc. 2016;23(4):787-790. 
doi:10.1093/jamia/ocv215 

38.  Savage N. Privacy: The myth of anonymity. Nature. 2016;537(7619):S70-S72. 
doi:10.1038/537S70a 

39.  Meingast M, Roosta T, Sastry S. Security and Privacy Issues with Health Care Information 
Technology. In: 2006 International Conference of the IEEE Engineering in Medicine and 
Biology Society. IEEE; 2006:5453-5458. doi:10.1109/IEMBS.2006.260060 

40.  Kruse CS, Smith B, Vanderlinden H, Nealand A. Security Techniques for the Electronic 
Health Records. J Med Syst. 2017;41(8). doi:10.1007/s10916-017-0778-4 

41.  Azar II AM, Collins FS. Pay it forward: Join with All of Us Research Program to build a 
healthier future. USA Today. https://www.usatoday.com/story/opinion/2018/05/07/all-us-
research-medical-issues-national-institutes-health-column/584949002/. Published May 7, 
2018. 

42.  Dishman E. I handed over my genetic data to the NIH. Here’s why you should, too. 
Retrieved from https://www.statnews.com/2018/06/13/entrusted-my-genetic-data-nih/. 
Published online 2018. 

43.  Hull SC, Sharp RR, Botkin JR, et al. Patients’ Views on Identifiability of Samples and 
Informed Consent for Genetic Research. Am J Bioeth. 2008;8(10):62-70. 
doi:10.1080/15265160802478404 

44.  Brown KM, Drake BF, Gehlert S, et al. Differences in preferences for models of consent for 
biobanks between Black and White women. J Community Genet. 2016;7(1):41-49. 
doi:10.1007/s12687-015-0248-y 

45.  Hill EM, Turner EL, Martin RM, Donovan JL. “Let’s get the best quality research we can”: 
public awareness and acceptance of consent to use existing data in health research: a 
systematic review and qualitative study. BMC Med Res Methodol. 2013;13(1). 
doi:10.1186/1471-2288-13-72 

46.  Hoop JG, Roberts LW, Hammond KAG. Genetic Testing of Stored Biological Samples: 
Views of 570 U.S. Workers. Genet Test Mol Biomark. 2009;13(3):331-337. d 

47.  Trinidad SB, Fullerton SM, Bares JM, Jarvik GP, Larson EB, Burke W. Genomic research 



COMMUNICATING PRECISION MEDICINE UNCERTAINTY 

 

30 

and wide data sharing: Views of prospective participants. Genet Med. 2010;12(8):486-495.  
48.  Warner TD, Weil CJ, Andry C, et al. Broad Consent for Research on Biospecimens: The 

Views of Actual Donors at Four U.S. Medical Centers. J Empir Res Hum Res Ethics. 
2018;13(2):115-124. doi:10.1177/1556264617751204 

49.  Kaufman DJ, Baker R, Milner LC, Devaney S, Hudson KL. A Survey of U.S Adults’ 
Opinions about Conduct of a Nationwide Precision Medicine Initiative® Cohort Study of 
Genes and Environment. Hernandez Montoya AR, ed. PLOS ONE. 2016;11(8):e0160461.  

50.  Boffey PM, Rodgers JE, Schneider, S. H. Interpreting uncertainty: A panel discussion. In: 
Sharon M. Friedman, Sharon Dunwoody, and Carol L. Rogers (Eds) Communicating 
Uncertainty: Media Coverage of New and Controversial Science, Pp. 81–91. Mahwah, NJ: 
Lawrence Erlbaum. ; 1999. 

51.  Han PKJ, Klein WMP, Arora NK. Varieties of Uncertainty in Health Care: A Conceptual 
Taxonomy. Med Decis Making. 2011;31(6):828-838. doi:10.1177/0272989X11393976 

52.  Han PKJ, Reeve BB, Moser RP, Klein WMP. Aversion to Ambiguity Regarding Medical 
Tests and Treatments: Measurement, Prevalence, and Relationship to Sociodemographic 
Factors. J Health Commun. 2009;14(6):556-572. doi:10.1080/10810730903089630 

53.  Han PKJ, Klein WMP, Lehman TC, Massett H, Lee SC, Freedman AN. Laypersons’ 
responses to the communication of uncertainty regarding cancer risk estimates. Med Decis 
Making. 2009;29(3):391-403. doi:10.1177/0272989X08327396 

54.  Strout TD, Hillen M, Gutheil C, et al. Tolerance of uncertainty: A systematic review of 
health and healthcare-related outcomes. Patient Educ Couns. 2018;101(9):1518-1537.  

55.  Dieckmann NF, Gregory R, Peters E, Hartman R. Seeing What You Want to See: How 
Imprecise Uncertainty Ranges Enhance Motivated Reasoning. Risk Anal. 2017;37(3):471-
486. doi:10.1111/risa.12639 

56.  Johnson BB. Testing and expanding a model of cognitive processing of risk information. 
Risk Anal. 2005;25(3):631-650. doi:10.1111/j.1539-6924.2005.00609.x 

57.  Kim J, Akin H, Brossard D, Xenos M, Scheufele DA. Selective perception of novel science: 
how definitions affect information processing about nanotechnology. J Nanoparticle Res. 
2017;19(5). doi:10.1007/s11051-017-3837-3 

58.  McCroskey JC, Teven JJ. Goodwill: A reexamination of the construct and its measurement. 
Commun Monogr. 1999;66(1):90-103. doi:10.1080/03637759909376464 

59.  Carleton RN, Norton MAPJ, Asmundson GJG. Fearing the unknown: A short version of the 
Intolerance of Uncertainty Scale. J Anxiety Disord. 2007;21(1):105-117.  

60.  Hayes AF. Introduction to Mediation, Moderation, and Conditional Process Analysis: A 
Regression-Based Approach, Second Edition. Guilford Press; 2018. 

61.  Figdor C. (When) Is Science Reporting Ethical? The Case for Recognizing Shared 
Epistemic Responsibility in Science Journalism. Front Commun. 2017;2:3;  

62.  Han PK, Scharnetzki E, Scherer AM, Thorpe A, Lary C, Waterston L, Fagerlin A, 
Dieckmann N. Communicating scientific uncertainty about the COVID-19 pandemic: 
beneficial effects of an uncertainty-normalizing strategy. JMIR. 2021. 
https://doi.org/10.2196/preprints.27832 



COMMUNICATING PRECISION MEDICINE UNCERTAINTY 

 

31 

 

 
 
 
Figure 1. Conceptual diagram of hypothesized relationships  
 
Notes. This diagram mirrors the conceptual diagram for PROCESS Model 59 (Hayes, 2018). The 
a and b paths represent the two pathways comprising the indirect effect of disclosure, and the c’ 
path represents the direct effect of disclosure after indirect effects are accounted for. Moderation 
of the overall indirect effect (full moderated mediation) is not depicted, but is reported in text. 
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Table 1. Bivariate Correlations Between Study Variables 
 
  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
1 ComSciU ----               
2 ComDataU .01 ----              
3 PSU .16*** .06 ----             
4 PDU .04 .16*** .49*** ----            
5 Attitudes .02 -.03 -.51*** -.45*** ----           
6 Trust .04 -.02 -.39*** -.46*** .53*** ----          
7 Participate -.02 -.02 -.45*** -.47*** .47*** .50*** ----         
8 Race -.05 -.04 -.02 -.02 .01 -.02 .11** ----        
9 Ethnicity .16*** .00 .03 .00 -.01 .01 -.05 -.15*** ----       
10 Income .12** -.03 .00 -.06 .06 .09* .07† -.06 .13** ----      
11 Education .07† .02 .04 -.01 .00 .05 -.04 .00 .12** .45*** ----     
12 Age .04 -.03 .12** .09* .01 -.03 -.11** -.04 .22*** .08* .11** ----    
13 IUS -.04 .08* -.10* -.12** .05 .06 .10* .00 -.06 -.12** -.05 -.23*** ----   
14 UndStudy .03 -.03 -.18*** -.11** .11** .10* .08* .01 .04 .09* .11** -.05 -.06 ----  
15 Support -.01 .01 -.18*** -.15*** .28*** .35*** .18*** -.02 .11** .06 .13** .06 .04 .18*** ---- 
16 HeardPM .00 .00 .10* .13** -.04 -.16*** -.21*** -.14*** .02 -.12** -.09* .11** -.09* -.18*** -.05 
 
Notes. N = 674. ComSciU and ComDatU = conditions collapsed across factors (0 = Certain, 1 = Uncertain); PSU = perceived 
scientific uncertainty, PDU = perceived data uncertainty, Race (1= white, 2 = nonwhite), Ethnic (1 = Hispanic, 2 = non-Hispanic), IUS 
= intolerance of uncertainty, UndStudy = understands ‘scientific study’, Support = support science, HeardPM = heard of PM (0 = no, 
1 = yes). Participate is treated as a 3-level continuous variable (N = 597).    
†p < .10, *p < .05, **p < .01, ***p < .001 
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Table 2. Main Effects for Scientific and Data Uncertainty Disclosure 

 Scientific Benefit of PM Data Use in PM 
 Scientific 

Certainty 
(N = 302) 

Scientific 
Uncertainty 
(N = 372) 

F(df), p-value 
Data 
Certainty 
(N = 329) 

Data 
Uncertainty 
(N = 345) 

F(df), p-value 

Perceived 
Scientific 
Uncertainty 

2.38 (.99) 2.72 (1.01)   F(1,668) = 17.48, p < .001 2.51 (1.03) 2.62 (1.00) F(1,668) = 2.17, p = .14 

Perceived 
Data 
Uncertainty 

2.85 (1.14) 2.94 (1.17) F(1,668) = 1.32, p = .25 2.71 (1.14) 3.08 (1.14)   F(1,668) = 15.55, p < .001 

Attitudes  5.49 (1.43) 5.55 (1.21)   F(1,668) = .20, p = .66 5.57 (1.33) 5.48 (1.29)   F(1,668) = .66, p = .42 

Researcher 
Trust 3.48 (.86) 3.55 (.80)   F(1,668) = .86, p = .35 3.54 (.84) 3.51 (.82)   F(1,668) = .09, p = .76 

Willing to 
Participatea 2.03 (.75) 2.00 (.75)   F(1,591) = .25, p = .62 2.03 (.75) 2.00 (.76)   F(1,591) = .10, p = .66 

 

Notes. Results of two-way ANCOVAs grouped by factor, controlling for ethnicity and income. Means (standard deviations) are 
reported. See Supplementary Tables 3a and 3b for means by condition. 
aVariable treated as continuous, excluding ‘not sure’ responses (group sizes for scientific factor: certainty N = 266, uncertainty N = 
331; Data factor: certainty N = 296, uncertainty N = 301). Effects were similar when ‘not sure’ category was included (see 
Supplementary Material 4). 
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Table 3. Mediation Test by DV for Perceived Uncertainty 

  Indirect Effect of X on Y Model Paths 

DV Mediator b (SE) 95% CI a path b path c path c’ path 

Scientific Uncertainty 

Attitudes 

Perceived 
scientific 

uncertainty 

–.23 (.05) –.3325, –.1215 .33 (.08)*** –.68 (.04)** .05 (.10) .27 (.09)* 

Researcher 
Trust –.11 (.03) –.1632, –.0584 .33 (.08)*** –.33 (.03)** .06 (.07) .18 (.06)* 

Willing to 
Participatea –.10 (.03) –.1607, –.0441 .30 (.09)** –.33 (.03)** –.03 (.06) .07 (.06) 

Data Uncertainty 

Attitudes 

Perceived 
data 

uncertainty 

–.18 (.05) –.0927, –.2785 .36 (.09)*** –.52 (.04)*** –.08 (.10) .10 (.09) 

Researcher 
Trust –.14 (.04) –.0755, –.1794 .36 (.09)*** –.33 (.02)*** –.03 (.06) .09 (.06) 

Willing to 
Participatea –.10 (.03) –.0440, –.1630 .33 (.09)** –.31 (.02)*** –.02 (.06) .08 (.05) 
 

Notes. The table reports simple mediation tests (PROCESS Model 4 with 5000 bootstraps) with income and ethnicity 
included as covariates. The first two columns of data report the indirect effect of communicating uncertainty on 
outcomes via perceived uncertainty. The last four columns report the coefficients and standard errors for each path in 
the model (a = path from IV to mediator, b = path from mediator to DV, c = total effect, c’ = direct effect). All indirect 
effects can be considered statistically significant as the confidence intervals do not overlap zero.  
aN = 597  
*p < .01  **p < .001 ***p < .0001 
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S1. Experimental Stimuli 
 
Stimulus Layout 

 
 
 
Notes. Manipulated sections are highlighted here with a yellow border but were not highlighted 
in the actual experiment. Manipulated text for each condition is displayed in the table below.  
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Supplementary Table 1. Manipulated Text 
 

 Scientific Utility Data Governance 
No 
Uncertainty 
Condition 
 
 
 
 
Word count: 
340 

Statement 1: By sharing genetic and other 
personal information for precision medicine 
research, volunteers will contribute to 
breakthrough scientific discoveries that help to 
prevent, treat or even cure diseases. 
 
Callout box 1: “Volunteers will contribute to 
breakthrough scientific discoveries that help to 
prevent, treat, or even cure diseases.” 

Statement 2: Participants can rest assured their data 
will remain private and secure for as long as it is 
stored.  
 
Callout box 2: “Participants can rest assured their 
data will remain private and secure for as long as it is 
stored.” 

Scientific 
Uncertainty 
Only 
Condition 
 
 
 
 
 
 
 
Word count: 
368 

Statement 1: But the limits of biomedical science 
should be acknowledged. Developing highly 
tailored ways to prevent, treat or cure diseases is 
challenging and complex. There can be no 
guarantee that every participant’s data will be used 
for research, or that the research will lead to useful 
scientific findings that impact our healthcare. 
 
Callout box 1: “But the limits of biomedical 
science should be acknowledged … There is no 
guarantee of breakthrough scientific discoveries.” 

Statement 2: With regard to their data, participants 
can rest assured their data will remain private and 
secure for as long as it is stored.  
 
Callout box 2: “Participants can rest assured their 
data will remain private and secure for as long as it is 
stored.” 
 

Data 
Uncertainty 
Only 
Condition 
 
 
 
 
 
 
 
 
Word count: 
398 

Statement 1: By sharing genetic and other 
personal information for research, volunteers will 
be contributing to breakthrough scientific 
discoveries that help to prevent, treat or even cure 
a host of diseases. 
 
Callout box 1: “Volunteers will contribute to 
breakthrough scientific discoveries that help to 
prevent, treat, or even cure diseases.” 

Statement 2: But the limits of data privacy and 
security should be acknowledged. Though steps will 
be taken to protect the privacy and security of 
participants’ data, there can be no guarantees. No 
database is 100% safe from hackers or human error. 
And in these exploratory stages of research, 
participant data will likely be stored for future 
undetermined uses. In other words, who will access 
the data and for what research purposes is not yet 
known.  
 
Callout box 2: “But the limits of data privacy and 
security should be acknowledged … Though steps will 
be taken to protect participant data, there are no 
guarantees.” 

Both 
Uncertainty 
Condition 
 
 
 
 
 
 
 
 
 
 
 
 
Word count: 
420 

Statement 1: But the limits of biomedical science 
should be acknowledged. Developing highly 
tailored ways to prevent, treat or cure diseases is 
challenging and complex. There can be no 
guarantee that every participant’s data will be used 
for research, or that the research will lead to useful 
scientific findings that impact our healthcare. 
 
Callout box 1: “But the limits of biomedical 
science should be acknowledged … There is no 
guarantee of breakthrough scientific discoveries.” 

Statement 2: Volunteers should also be aware that 
there can be no guarantee of data privacy and 
security. Though steps will be taken to protect the 
privacy and security of participants’ data, no database 
is 100% safe from hackers or human error. And in 
these exploratory stages of research, participant data 
will likely be stored for future undetermined uses. In 
other words, who will access the data and for what 
research purposes is not yet known. 
 
Callout box 2: “Though steps will be taken to protect 
the privacy and security of participant data, no 
database is 100% safe from hackers or human 
error.”  (This differs slightly from the data uncertainty 
only callout so that it would not be too similar to callout 
box 1.) 

 
Notes. Some other parts of the article were modified for the purposes of this study. The original article was 
retrieved from: https://www.chicagotribune.com/business/ct-biz-back-story-joyce-ho-northwestern-medicine-
20180610-story.html. 
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S2. Supplementary Table 2. Participant Characteristics  
 

 
 

 N % 
Sex   
    Female 323 47.9 
    Male 350 51.9 
    Non-binary 1 0.1 
Age Range   
    18-25 85 12.6 
    26-35 178 26.4 
    36-45 153 22.7 
    46-55 113 16.8 
    56 or older 145 21.5 
Race/Ethnicity*   
    Hispanic or Latino 126 18.7 
    White 390 57.9 
        Non-Hispanic White     337 50.0 
    Black or African American 156 23.1 
    Asian, Asian Indian or Pacific Islander  69 10.2 
    Native American, American Indian or Alaska Native 18 2.7 
    Different race† 50 7.4 
Political Affiliation   
    Democrat 323 47.9 
    Republican 143 21.2 
    Independent 174 25.8 
    Other  34 5.0 
Income   
    $0 - $24,999 137 20.3 
    $25,000 to $49,999 179 26.6 
    $50,000 to $74,999 147 21.8 
    $75,000 to $99,999 87 12.9 
    $100,000 to $149,999 81 12.0 
    $150,000+ 43 6.4 
Highest education attained   
    Less than high school 19 2.8 
    HS/GED 243 36.1 
    2-year degree 132 19.6 
    4-year degree 201 29.8 
    Advanced/professional degree 79 11.7 
Other characteristics   
    Heard of precision medicine (answered yes) 61 9.1 
    Prior health research participation (answered yes) 52 7.7 
Notes. N = 674. *Categories in this section are not mutually exclusive.  †Participants’ 
text responses included Mexican, Dominican, Columbian, Puerto Rican, Middle 
Eastern, East Indian, and West Indian.   
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S3. Uncertainty Perceptions and Outcomes by Article Condition 
 

Supplementary Table 3a. Uncertainty Perceptions by Condition 
 

Perceived Scientific Uncertainty Perceived Data Uncertainty 

Cond 1: Both Certain (N=149) 2.31 (0.97)a 2.70 (1.11)a 

Cond 2: Uncertain Science (N=180) 2.67 (1.06)b 2.73 (1.16)a 

Cond 3: Uncertain Data (N=153) 2.46 (1.01)a 3.00 (1.15)b 

Cond 4: Both Uncertain (N=192) 2.76 (0.97)b 3.14 (1.14)b 

Notes. Means are reported (standard deviations in parentheses) for the general measures of perceived uncertainty. 
Bolded cells are expected to be higher based on the message manipulations. Means in the same column that do not 
share a common superscript are significantly different at p < .05.  
 

Supplementary Table 3b. Outcomes by Condition  
 

Attitudes Trust Willingness to Participate 

Cond 1: Both Certain (N=149) 5.56 3.47 2.22 

Cond 2: Uncertain Science (N=180) 5.58 3.59 2.21 

Cond 3: Uncertain Data (N=153) 5.43 3.49 2.29 

Cond 4: Both Uncertain (N=192) 5.53 3.52 2.20 

Notes. Means are reported (standard deviations in parentheses). None of the means within each column were 
significantly different. 
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S4. Supplemental Analyses for Willingness to Participate 
 
Main Effect of Communicating Uncertainty on Willingness (Including Not Sure Responses) 
 
Willingness to participate was also examined as a categorical outcome with not sure responses 
included. Chi-square tests revealed no main effect on willingness to participate as a categorical 
outcome: there was no difference between communicating scientific certainty and uncertainty, 
χ2(3) .55, p = .91, or between data certainty and uncertainty, χ2(3) 1.27, p = .74, on responses. 
Cell frequencies are reported in the table below. 
 
Given the non-significant chi-square results and arguments cited by Krosnick et al. (2002)1, it 
was deemed reasonable to exclude this group from the main analyses for ease of interpretation. 
 

 
Characteristics of Those Responding ‘Not Sure’ 
 
Although “not sure” survey responses are commonly removed from analyses (see Krosnick et al., 
2002, p. 371), a follow-up analysis of participants reporting not sure was conducted to 
understand this group. Perceived researcher trustworthiness was significantly lower, and 
perceived data uncertainty was significantly higher, for this group compared to all other 
participants. Demographics (i.e., gender, education, income, race, and ethnicity) were not 
significantly different between this group and any other group.

 
1 Krosnick, J. A., Holbrook, A. L., Berent, M. K., Carson, R. T., Michael Hanemann, W., Kopp, R. J., ... & 
Moody, W. R. (2002). The impact of" no opinion" response options on data quality: non-attitude reduction or 
an invitation to satisfice? Public Opinion Quarterly, 66(3), 371-403. 

Supplementary Table 4. Willingness to Join by Condition (Including Not Sure Responses) 
 Very likely 

(N=174) 
Somewhat 
likely 
(N=259) 

Not at all 
likely 
(N=164) 

Not sure 
(N=71) 

Pearson 
Chi-Square 

No Uncertainty 
(N=148) 

27.7% 38.5% 24.3% 9.5% 

χ2(9) 2.68, p 
= .98 

Scientific 
Uncertainty 
(N=179) 

25.7% 41.3% 23.5% 9.5% 

Data Uncertainty 
(N=152) 

25.7% 38.2% 23.0% 13.2% 

Both Uncertainty 
(N=189) 

25.4% 37.0% 27.0% 10.6% 

Notes. Reporting % within condition. There is no main effect of condition on likelihood of joining 
across all conditions (reported in table), or between factors (reported in main manuscript). No cell 
was statistically different than any other cell. Total N = 668 (responses were missing for 6 
participants). 



COMMUNICATING PRECISION MEDICINE UNCERTAINTY   

 

S5. Diagram of Significant Conditional Direct and Indirect Paths 
 

 
Notes. Figure depicts the significant moderation pathways for each conditional mediation model (PROCESS Model 59). The large 
dotted line denotes moderation of an indirect pathway, while the small dotted line denotes moderation of a direct pathway. 
Moderation of full mediation is not depicted but instead reported in text. 
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S6. Supplemental Analyses for Perceived Ethicality  
 
Notes. Parallel mediation models (PROCESS Model 4 with 5,000 bootstraps). The 
willingness to participate variable excludes ‘not sure’ responses. 
*p £ .05, **p < .01, ***p < .001 


