
Page 1/13

Examining Notions of Uncertainty in the Healthcare
Setting: A Qualitative Study
Veronica Meawad  (  veronica.meawad@yale.edu )

Yale University School of Medicine https://orcid.org/0000-0002-1552-5892
Liana Fraenkel 

Yale University School of Medicine

Research article

Keywords: Uncertainty, probability, risk communication, uncertainty perception, epistemic, aleatory, visual
aids

Posted Date: December 15th, 2019

DOI: https://doi.org/10.21203/rs.2.18895/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.2.18895/v1
mailto:veronica.meawad@yale.edu
https://orcid.org/0000-0002-1552-5892
https://doi.org/10.21203/rs.2.18895/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/13

Abstract
Background: Shared decision-making relies on the premise that individuals are well-informed regarding
the bene�ts and harms of all available treatment options before coming to a decision regarding their
healthcare. There is often signi�cant aleatory and epistemic uncertainty associated with proposed risks
and bene�ts, but prior studies have demonstrated that uncertainty is rarely communicated in provider-
patient interactions. Additionally, there has been con�icting evidence regarding the use of visual aids as a
method to improve understanding of uncertainty.

Methods: We conducted a qualitative, think-aloud study to examine how individuals understand
uncertainty as it relates to the probability of medication risks and bene�ts. We used a within-subjects
design and presented individuals with two hypothetical medications after which they received either no
additional information, an icon array, or a spinner. We performed individual in-depth interviews following
a semi-structured interview guide. Transcripts were analyzed using the constant comparative method of
grounded theory.

Results: We reached thematic saturation after 20 patient interviews. The participants’ mean (SD) age was
64.6 (18); 60% male, 84% were non-Hispanic Whites, 10% Blacks, and 60% had a college education or
higher. Several themes regarding di�culties understanding uncertainty emerged: 1) Rejection of
uncertainty; 2) Failure to distinguish between epistemic and aleatory uncertainty; 3) Di�culty
distinguishing between different magnitudes of probabilities; 5) Reduction of uncertainty by
manipulation of the scenario to eliminate choices. The use of visual aids did not appear to facilitate
understanding of uncertainty in most cases.

Conclusions: Providers must understand whether and how patients interpret probabilistic information in
order to best communicate with them in the healthcare setting. Features such as “talk-back” should be
used to ensure reasonable understanding of uncertainty during shared decision-making encounters.

Background
Shared decision-making relies on the premise that individuals are well-informed regarding the bene�ts
and harms of all available treatment options before coming to a decision regarding their healthcare.
Therefore, it only makes sense that discussing the uncertainties associated with different options is a
critical part of informed decision-making. The evidence, however, suggests otherwise.1,2 An analysis of
over one-thousand clinical encounters by primary care physicians and surgeons found that only 16 to
18% of discussions met the minimum criteria for an informed decision.2 Discussion of the uncertainty of
risks and bene�ts was only done 1% of the time for basic decisions and 16% of the time for complex
decisions.2

Several different approaches have been put forth to classify uncertainty. Paul Han, in his conceptual
taxonomy, outlined three main sources of uncertainty in healthcare: probability, ambiguity, and
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complexity.3 Many have argued that these sources should be clearly stated and differentiated when
communicating for purposes of medical decision-making.1,3 Uncertainty can also be conceptualized as
aleatory, or �rst-order uncertainty, which is inherent and related to the probability of future outcomes; and
epistemic, or second-order uncertainty, which is due to limits in data or knowledge.4−6 Aleatory
uncertainty is in�uenced by stochastic behaviors, whereas epistemic uncertainty is better known as
ambiguity due to lack of credibility, reliability, or inadequacy of probability information.

It is well established that people have a preference against unknown or ambiguous versus known
probabilities.7,8 In the �eld of decision psychology, the term ambiguity aversion has been used to describe
the phenomenon in which people tend to view risks negatively when confronted by ambiguous
information about risks, which then leads to decision-making avoidance.9 For example, intervention
studies have shown that informing individuals about the uncertainties surrounding cancer screening
measures decreases their interest in screening.10,11 Another study examining the association between
uncertainty and judgement extremity, i.e., the degree to which probabilistic beliefs approach 0 or 1,
demonstrated a tendency for judgements to be more extreme when they were viewed as epistemic and
less extreme when they were seen as more aleatory.12 Others have argued that ambiguity aversion can
actually be adaptive as it ensures that people do not have a false sense of security.6 From these studies,
it is evident that individuals’ thoughts regarding uncertainty and how they perceive uncertainty in�uences
their judgement and future decisions.

There are various ways of communicating uncertainty. Some use descriptive phrases, such as “highly
certain” versus “fairly certain” to communicate uncertainty.1,3 This approach has the advantage of using
familiar terms, but the interpretation of verbal phrases varies signi�cantly.1,13−15 Communicating
uncertainty using numbers, while more precise, is also problematic because many individuals have
di�culty interpreting numeric information.1,16−19 Those with low numeracy, or the ability to understand
and apply numeric information, are more susceptible to framing effects, denominator neglect, and ratio
bias.18,19 Their decisions are also more likely to be in�uenced by nonnumeric factors, such as emotions,
mood states, and trust or distrust of physicians.20

The use of visual aids, such as icon arrays, graphs, and explanatory images,21 has been endorsed as a
method to improve understanding of uncertainty, especially for those with lower levels of numeracy.
Studies, however, have been con�icting. While some have shown that graphics improve understanding
among those with low numeracy,22−24 others have not found any bene�t, and some have found that
visual aids may actually decrease understanding among those with low numeracy and low graphic
literacy. 24−28 A recent paper by Eyler et al. proposed using a continuous “spinner” to communicate risk
based on studies in children demonstrating improved understanding of probabilities when shown
continuous versus discrete patterns.29 The study found that both the spinner and icon array increased
subjects’ risk knowledge, although the effect was not modi�ed by numeracy.29
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Our aim was to examine how individuals understand uncertainty as it relates to the probability of
medication risks and bene�ts, and to speci�cally analyze their understanding of epistemic and aleatory
uncertainty. Additionally, given the con�icting evidence regarding the effectiveness of visual aids in
increasing understanding of uncertainty, we aimed to study how people think about both the icon array
and spinner.

Methods
We conducted a qualitative, think-aloud study using a semi-structured interview guide. Participants were
recruited from the inpatient wards of a tertiary care hospital. Inclusion criteria included English speaking
adult inpatients who were not mentally altered through the use of sedating medications or by their illness
and able to answer questions out loud. Charge nurses on the medical �oors directed us to appropriate
individuals. Verbal consent was obtained prior to participation. The participants were presented with two
hypothetical medications. The �rst scenario involved a medication with a 20% risk of adverse effect and
the second involved a medication with a 20% chance of bene�t. Using block randomization, generated by
Sealed Envelope (https://www.sealedenvelope.com/), with six subjects per block, participants were
randomized to receiving either the risk scenario or bene�t scenario �rst. All participants received both
scenarios. Also using block randomization with six subjects per block, generated by the same means,
they were randomized to receiving either no additional information, an icon array, or a spinner with risk or
bene�t probability information associated with each scenario.

We conducted individual in-depth interviews following a semi-structured interview guide. Participants
were instructed to think and reason out loud, saying everything that came to mind. The initial prompt read
as follows: “We are interested in what you think about as you work through some questions that I will
give you. In order to do this, I’m going to ask you to think and reason out loud, saying everything that
passes through your mind while you read the question and as you reason through the answer. Just act as
if you are alone in the room speaking to yourself. It is most important that you keep talking. If you are
silent for a long period of time, I may ask you to talk.”

Scenarios (presented in random order) were read out loud by facilitators but a hard copy was provided in
order for participants to follow along.

Risk Scenario:

“Imagine that you have been suffering from arthritis pain in your knees for several years. Your doctor tells
you about a medication which can be used to decrease your pain. It is taken as a pill once a day. The
medication is covered by your insurance and does not interact with your other medications. The
medication works in the majority of people, but causes stomach problems, such as stomach upset,
nausea, or diarrhea, in 20% of people who take it.”

Bene�t Scenario:

https://www.sealedenvelope.com/
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“Imagine that you have been suffering from arthritis pain in your knees for several years. Your doctor tells
you about a medication which can be used to decrease your pain. It is taken as a pill once a day. The
medication is covered by your insurance and does not interact with your other medications. The
medication is well-tolerated in the majority of people and decreases pain in 20% of people who take it.”

After the scenarios were read, participants were asked questions such as “What are the thoughts that run
through your mind as you hear about this medication?” and “What does 20% of people mean to you?” If
participants were quiet for a long period of time, they were instructed to keep talking. Other prompts
included, “What do you think of this medication?” and “What do you think about the chance of getting
stomach problems.” All interviews were audiotaped and subsequently transcribed verbatim.

Transcripts were analyzed separately by both authors using the constant comparative method of
grounded theory, �rst outlined by Glaser & Strauss (1967), with techniques further explained by others
(Strauss & Corbin, 2008; Kolb, 2012). Data analysis included three phases: open coding, axial coding, and
selective coding (Strauss & Corbin, 2008). The open coding step aimed to identify different categories
and properties within the collected data. This involved reviewing all transcripts and placing the data into
�ne categories. This phase of analysis was done concurrently with additional data collection. In the next
phase, axial coding, the numerous, different categories were weaved together to form larger categories. In
order to do this, both authors came together with their separately-found categories from the open coding
stage and pieced together broader categories. In the �nal stage, selective coding, the categories generated
by axial coding were re�ned and core themes were selected (Strauss & Corbin, 2008; Kolb, 2012). Coding
ended with thematic saturation, or when both authors were unable to identify additional core themes
within the data.

Results
We reached thematic saturation after interviewing 20 patients. The participants’ mean (SD) age was 64.6
(18); 60% male, 84% were non-Hispanic Whites, 10% Blacks, and 60% had a college education or higher.
Participants were recruited from both medical and surgical medical units. Several themes regarding
di�culties understanding uncertainty emerged.

Theme 1:Rejection of uncertainty

Some participants rejected uncertainty altogether, and instead focused on the possible mechanisms of
action underlying an outcome once it had already occurred. One participant said,

“Well I kinda think there’s a reason for it. I don’t know if I would call it random or chance. There’s a reason
why it’s not working.” (Interview #2)

Others stated,

“I mean if you feel like you have the tendency, that’s not random, you know.” (Interview #5)
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“It’s ridiculous because it’s not a chance. You either get it or you don’t. You have a predisposition for it and
you don’t know it and then you �nd out when you take it.” (Interview #19)

These participants focused on the reasons why someone would or would not experience a certain risk or
a bene�t, whether it was an unknown predisposition, an interaction with another medication, allergic
reaction, etc. They used terms such as predisposition, tendency, and reason. They did not acknowledge
the role that “chance” had in the development of a risk or bene�t.

For these participants, neither the icon array nor spinner appeared to facilitate acceptance of uncertainty:

“According to the diagram [icon array], it looks good, but you don’t know until you know.” (Interview #15)

“I don’t like it [the spinner]. Yeah. It’s just a- it’s like a toy… It doesn’t have a brain. This is cardboard, I
mean… It can’t predict. It’s not god.” (Interview #6)

“Well there are some people who would get stomach problems. So there’s de�nitely- there de�nitely are
people. But they’re not talking about those people. They’re talking about me.” (Interview #2)

Theme 2:Failure to distinguish between aleatory and epistemic uncertainty

Several participants interpreted uncertainty as mainly epistemic. These individuals felt that expert
knowledge could reduce or eliminate uncertainty and/or that one’s own knowledge from prior experiences
could do the same. Illustrative examples include:

“I think with enough information, you could answer in advance whether it would relieve your pain.”
(Interview #2)

“I think as much as experts know, they don’t know everything. But you have to trust that they’re gonna
know that.” (Interview #2)

“They know something that I don’t know.” (Interview #17)

“Uh, we’re not, um, scientists that we can predict what a pill is gonna do.” (Interview #6)

These individuals and several others strongly felt that experts possessed knowledge that would help
them predict whether they would experience a certain risk or bene�t. They repeated words such as
scientists, predict, and knowledge.

Additionally, many others felt that personal knowledge from prior experiences could reduce uncertainty.
For example:

“I would say I would probably not get stomach problems at all, due to the fact that in the past, any
medication I have taken, I really have never had a problem with.” (Interview #17)
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“The other question is that you know your body and you know how it responds to new things, so you do
have that information or knowledge from past experiences.” (Interview #20)

These participants correctly believed that the knowledge they possessed from their own past experiences
could decrease uncertainty. If they had had a similar side effect in the past, then they seemed to believe
they had a higher chance of experiencing it again and vice versa. However, they tended to overweight this
information and to classify their risk as either present or not present.

Theme 3: Di�culty distinguishing between different magnitudes of probabilities

Some participants accurately distinguished between different magnitudes of probabilities while others
did not. Of those who were able to differentiate between magnitudes, some did not �nd the visual aids
helpful.

“I like math and I’m good at math and you told me 20 percent. For me, it’s not very helpful [the spinner].
Not that it’s not helpful, it’s just maybe if it was somebody… Like somebody, you know, I guess maybe
somebody who’s more of a visual person?” (Interview #9)

“I don’t think it [the spinner] does a whole lot unless you really don’t know percentages or things like that.
But they use it for breaking down costs and budgets and all kinds of other things. If I don’t know how
much 20 percent is, then I guess I could look at this and have a clue, but so maybe for some people it’ll
help but, I don’t �nd it a big help.” (Interview #16)

Furthermore, among those who did differentiate between magnitudes, some translated the numeric
information into ordinal categories:

“You know, I got a good chance of not getting sick. I got a smaller chance of possibly getting sick.”
(Interview #7)

“I mean, you know, there’s 80 percent over here and then this little 20 percent.” (Interview #10)

“I would say little [the risk associated].” (Interview #6)

These individuals constructively dealt with probabilistic information by creating mental representations
of categories of risk. Others, however, categorized any risk as 50%:

“You got a �fty-�fty chance basically that it’s going to work or it’s not, even though it’s only 20 percent
demographic but, you know, there’s that �fty-�fty chance it’s going to take.” (Interview #1)

“I say 50% [chance of medication working].” (Interview #13)

They ignored the numeric probability that was given and deemed any risk as having a 50% chance of
occurring.
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For one participant, seeing the icon array appeared to hamper, rather than facilitate, understanding of
possible outcomes:

“No I guess it would- it could. It’s not totally out of the question. But if you have to base it on, you know,
statistics here, um, oh boy. Now I get myself all messed up.” (Interview #2)

Theme 4: Reduction of uncertainty by manipulation of the scenario to eliminate choices

Another major theme that emerged was one in which participants reduced uncertainty by manipulating
the scenario to eliminate the need to attend to probabilities at all. In these cases, participants reduced the
options available to a single rational choice by revising the severity of symptoms. For example,

“I would say if it’s sort of a life or death situation, then you don’t care as much about the risk.” (Interview
#3)

“Well I think if people are really suffering that—and if that’s the only thing available to them then they
should do it.” (Interview #12)

“However, being somebody who really suffers from this, I would take the risk and take it anyway because
it’s worth it to try.” (Interview #2)

By increasing pain or suffering, these participants eliminated the option of not accepting treatment.
Words and phrases such as suffering and life or death were common in these individuals.

Discussion
Understanding uncertainty is critical to being able to participate in medical decision making. This study
uncovered several themes regarding how patients view and understand uncertainty in the healthcare
setting. In general, we found that many individuals have substantial di�culty understanding uncertainty
as it relates to medication risks and bene�ts, and in many cases, that visual aids did not aid in
understanding. First, we discovered that some individuals reject uncertainty altogether and do not
understand the concept of chance as it applies to future events. These people seem to confuse the
concepts of knowing why something happened in the past with knowing if something will happen in the
future. In other words, they con�ate the ideas of understanding the underlying mechanism with being
able to predict a future occurrence. This is of course an inaccurate way of thinking, since every future
outcome has an inherent chance regardless of whether or not the reason is understood.

Second, among those who did not reject uncertainty, we found that several participants interpreted the
uncertainty as mainly epistemic, rejecting the inherent probability, or aleatory uncertainty, associated with
developing a certain risk or bene�t. Of these, some individuals reduced uncertainty by drawing upon
knowledge from their own prior experiences. In many cases, it is true that if one experienced a certain side
effect in the past, they have a higher chance of experiencing it again, and therefore this information can
be used to narrow one’s con�dence interval. However, participants do this based on their own illness
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perceptions, which may or may not be accurate, and tend to generalize their experience with one
medication to others. If inaccurate, this type of reasoning may lead to the formation of erroneous
associations between past events and the likelihood of future outcomes.

Similarly, several individuals believed that expert knowledge could reduce uncertainty. They believed that
the uncertainty of speci�c medical outcomes could be reduced or eliminated by gathering more
information, particularly from experts. This notion has bearings on provider-patient interactions and
medical decision making. If patients perceive uncertainty as mainly epistemic, a search for additional
information to eliminate uncertainty may lead to dissatisfaction with providers, doctor-shopping, and
unnecessary testing. These results highlight the need for future research to determine how to best
communicate differences between aleatory and epistemic uncertainty.

Of the participants who did appreciate uncertainty, some ignored the numeric or visual information that
was provided to them. They understood that the icon array and spinner were describing past events, but
that future outcomes were still unknown and could not be extrapolated from the �gures. This could be a
possible explanation as to why those with low numeracy still do not have a better understanding of
uncertainty after the use of visual aids. We also saw that those with seemingly high numeracy, did not
feel the need to use the visual aids. These results are consistent with previous studies that have found
that those with high numeracy interpret numeric information without the need for visual aids,22,30 and
those with low numeracy have di�culty interpreting graphical information.20,25,26 In total, our study
highlights the need for future work to determine whether patients with moderate levels of numeracy
and/or graphic literacy maybe those most likely to bene�t from visual aids.

Consistent with fuzzy-trace theory, some vocalized accurate ordinal representations of risk: “You know, I
got a good chance of not getting sick. I got a smaller chance of possibly getting sick,” highlighting how
gist-based intuitive ordinal reasoning often su�ces to produce rational solutions.31 Several participants
used gist-based reasoning to place themselves into different categories of risk. In some cases, reasoning
included a component of uncertainty (varying degrees of risk), whereas in others it resulted in participants
concluding that they would either develop or not develop an outcome.

As noted in other studies, we observed a tendency to interpret any probability as “�fty-�fty.” The use of
the verbal phrase “�fty-�fty” re�ects lack of knowledge and a way of expressing epistemic uncertainty, as
opposed to the actual quantity 50%.32,33 It is also correlated with lower numeracy, younger age, and lower
levels of education.34 Others have shown that those who say “50%” are more likely to also say “I don’t
know” than those who use other numbers.35 Notably, in our study, participants described chance as �fty-
�fty even after having been told through verbal and visual aids that the probabilities were magnitudes
other than 50%, further highlighting the limitations of visual aids in those with low numeracy and/or
graphic literacy.

Finally, we also found that some individuals reduced uncertainty by eliminating choice altogether. This
type of rationalizing is reasonable for individuals in extreme circumstances, such as those with life-
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threatening medical conditions who need lifesaving interventions. It is adaptive for those individuals to
eliminate choice in order to make a decision which is life-preserving. Moreover, in critical situations, there
is often a single dominant strategy and therefore no actual decision to be made. In our study, though, in
which the ailment was less serious (i.e. knee pain), some participants modi�ed the scenario to one in
which clinical need was greater than we had originally described in order to eliminate the need to make a
di�cult choice.

There are several limitations to our study. Generalizability may be limited, since our population was
mostly comprised of older white inpatients at one tertiary care hospital. It would be interesting to conduct
future think aloud studies in different settings and with minority populations to assess if the same major
themes hold. We also would have bene�tted from examining patients’ understandings across different
hypothetical scenarios.

Conclusion
Our study highlights the need to understand whether and how our patients interpret probabilistic
information in order to best communicate with them in the healthcare setting. We found that individuals
interpret uncertainty in different ways. Some reject it altogether, while others aim to reduce it using
various means. Based on our study, there is reason to believe that visual aids are less useful for those at
the extremes of high and low numeracy. Providers should use features such as “talk back” to ensure
reasonable understanding of uncertainty during shared decision-making encounters.
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