UNIVERSITY OF LEEDS

This is a repository copy of Effects of Anti- Versus Pro-Vaccine Narratives on Responses
by Recipients Varying in Numeracy: A Cross-sectional Survey-Based Experiment.

White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/113992/

Version: Accepted Version

Article:

Bruine de Bruin, W orcid.org/0000-0002-1601-789X, Wallin, A, Parker, AM et al. (2 more
authors) (2017) Effects of Anti- Versus Pro-Vaccine Narratives on Responses by
Recipients Varying in Numeracy: A Cross-sectional Survey-Based Experiment. Medical
Decision Making, 37 (8). pp. 860-870. ISSN 0272-989X

https://doi.org/10.1177/0272989X17704858

© 2017, the Author(s). This is an author produced version of a paper published in Medical
Decision Making. Uploaded in accordance with the publisher's self-archiving policy.

Reuse

Unless indicated otherwise, fulltext items are protected by copyright with all rights reserved. The copyright
exception in section 29 of the Copyright, Designs and Patents Act 1988 allows the making of a single copy
solely for the purpose of non-commercial research or private study within the limits of fair dealing. The
publisher or other rights-holder may allow further reproduction and re-use of this version - refer to the White
Rose Research Online record for this item. Where records identify the publisher as the copyright holder,
users can verify any specific terms of use on the publisher’s website.

Takedown
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/



mailto:eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

Influenza vaccine narratives 1

Effects of anti- vs. pro-vaccine narratives on responses by recipientsvarying in
numeracy: A cross-sectional survey-based experiment

Medical Decision Making, in press

Wandi Bruine de Bruin, PhB?
Annika Wallin, PhD?
Andrew M. Parker, PhD
JoNell Strough, PhD
Janel Hanmer, MD PhP

1 Centre for Decision Research, University of Leeds
2 Department of Engineering and Public Policy, Carnegie Mellon University
3 Department of Cognitive Science, Lund University
4 RAND Corporation
® Department of Psychology, West Virginia University
6 Department of Medicine, University of Pittsburgh, Pittsburgh, PA.

Authors’ Note: This work has been presented at the annual meeting of the University of
Southern California’s Roybal Center for Health Decision Making and Financial

Independence in Old Age in Los Angeles on 2-3 May 2016, at th&igénial European
Conference of the Society for Medical Decision Making in London on 12-14 June 2016, and
at the annual meeting on Science and Proven Experience in Lund on 17-18 August 2016.
Financial support for this study was provided in part by grants from the Swedish Foundation
for the Humanities and the Social Sciences (Riksbankens Jubileumsfond) Program on
Science and Proven Experience as well as the National Institutes of Health (P30AG024962;
RO1AG040716; KL2 TR000146). Each funding agreement ensured the authors’

independence in designing the study, interpreting the data, writing, and publishing the report.
We thank members of the Science and Proven Experience project, as well as Astrid Kause for
their comments.



Influenza vaccine narratives 2

Abstract
Purpose: To inform their health decisions, patients may seek narratives describing other
patients’ evaluations of their treatment experiences. Narratives can provide anti-treatment or
pro-treatment evaluative meaning that especially low-numerate patients struggle to derive
from statistical information. Here, we examined whether anti-vaccine (vs. pro-vaccine)
narratives had relatively stronger effects on the perceived informativeness and judged
vaccination probabilities reported among recipients with lower (vs. higher) numeracy.
Methods: Participants (n=1113)yom a nationally representative US internet panel were
randomly assigned to an anti-vaccine or pro-vaccine narrative, as presented by a patient
discussing a personal experience, a physician discuspinig’s experience, or a physician
discussing the experience of 50 patients. Anti-vaccine narratives described flu experiences of
patients who got the flu after getting vaccinated; pro-vaccine narratives described flu
experiences of patients who got the flu after not getting vaccinated. Participants indicated
thar probability of getting vaccinated and how informative they perceived the narratives to
be.
Results: Participants with lower numeracy generally perceived narratives as more
informative. By comparison, participants with higher numeracy rated especially anti-vaccine
narratives as less informative. Anti-vaccine narratives reduced judged vaccination
probabilities compared to pro-vaccine narratives, especially among participants with lower
numeracy. Mediation analyses suggested thathawerate individuals’ vaccination
probabilities were reduced by anti-vaccine narrativesid to a lesser extent boosted by pro-
vaccine narratives due to their perceiving narratives as more informatiMeesefi ndings
held whether narratives were provided by patients or physicians.
Conclusions: Patients with lower numeracy may rely more on narrative information when
making their decisions. Findings have implications for the development of health
communications and decision aids.
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Introduction

The CDC recommends flu vaccinations for almost everyone 6 months anéolder.
Getting vaccinated reduces the probability of getting the flu, and can make symptoms milder
among those who do get si@kVaccinations have been associated with a 74% reduction in
children’s flu-related admissions to pediatric intensive care, and a 71% reduction in adults’
flu-related hospitalization€:? A publicly available CDC pamphlet covers such statistical
information about vaccine benefits.

Patients often want to receive narratives to learn about other patients’ experiences, in
addition to statistical evidené®. Health care providers are patients’ most influential source
for flu vaccination decision®) andmay provide the CDC’s statistical information in
combination with narratives describing other patients’ experiences.®°9 In addition, patients
may search for the narratives of other patients’ experiences online, where they are likely to
find anti-vaccine narratives describing patients getting sick after being vaccihated.
However, a drawback of providing narrativeshig they may sway people’s decisions, even

if they provide information that disagrees with the accompanying statistical inforrfiation.

The effect of narratives’ anti-treatment or pro-treatment evaluative meaning.

Narratives can highlight anti-treatment vs. pro-treatment evaluative meaning, by
describing whether other patients were dissatisfied or satisfied with specific tredifhents.
Anti-treatment narratives often describe dissatisfied patients who were sick after a treatment,
while pro-treatment narratives describe satisfied patients who were healthy after a
treatment!>19

It has been proposed that anti-treatment narratives will be more influential on decision
making than pro-treatment narratives, because they can seem relatively more infdtthative.

According to the ‘social amplification of risk’ framework, one reason that anti-treatment
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narratives are treated as more informative than pro-treatment narratives, is that anti-treatment
narratives question existing health messages about the benefits of treatments while pro-
treatment narratives present more of the sémeAmong other things, this framework also
predicts that a narrative will be treated as more informative when its (anti-vaccine or pro-
vaccine) message is repeated more diten.

Although no studies have directly compared the perceived informativeness of a single
anti-treatment vs. preaccine treatment narrative, it has been found that people’s responses
to a set of narratives tend to be affected by the proportion of anti-treatment narratives or pro-
treatment narratives, even if it is not representative of actual stafistl€$® Similarly,
individuals who read relatively more anti-vaccine narratives report lower vaccination
intentions despite also having received statistical information about vaccine efficacy and
adverse effects'®

The anti-treatment and pro-treatment narratives that have been used in prior studies that
tested effects of disproportionate presentations confounded two features that could potentially
affect their perceived informativeness: whether or not they questioned the benefits of
treatments, and whether or not their content involved positive or negative health outGomes.
18 That is, prior anti-treatment narratives described patients who were sick after receiving
treatment, thus questioning treatments offered by health care providers, and presenting

negative patient experiences. In contrast, prior pro-treatment narratives described the patients
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who were healthy after receiving treatment, thus confirming the benefits of treatments offered
by health care providers, and presenting positive patient experiences.

To allow for a systematic comparison of the effect of a single anti-treatment vs. pro-
treatment narrative on decisions, anti-treatment and pro-treatment narratives should describe
similar patient experiences. Therefore, we created narratives about flu shots that varied in
their anti-vaccine or pro-vaccine evaluative meaning, while providing otherwise equivalent
patient experiences. That is, anti-vaccine narratives described patients who wished they had
not gotten a flu shot because they got sick after getting a flu shot, and pro-vaccine narratives
described patients who wished they had gotten a flu shot because they got sick after no

getting one.

The effect of narratives’ information source.

A meta-analysis has suggested that narratives are more likely to influence choices when
they are shared by patients in first-person perspective, than when they are shared by health
care providers in third-person perspectiie.In an experiment that directly tested this idea,
participants facing two treatment options were more likely to choose the one that was

recommended in a patient’s narrative over the one that was recommended in a health care

i For example, in one stud¥?) an anti-treatment narrative about by-pass surgery noted:

“Every Sunday, my husband and I used to walk to church with our neighbors. Then | started
getting angina pains and we had to start driving to church. Then | had bypass surgery and it
didn’t help my chest pain. Istill can’t walk back and forth to church without pain. I am

frustrated that the treatmiadid not work.” By comparison, a pro-treatment narrative about
bypass surgery noted1 looked forward to retirement, until I got angina. Then I had a hard

time getting out of the house because of my chest pains. I couldn’t take long walks. I

certaink wouldn’t be able to do the traveling outdoors that I’d hoped to be able to do. After

my bypass surgery, my chest pains went away, and now | look forward to retirement so | can
travel and tak long walks whenever I desire.”
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provider’s narrative.?? Possibly, this effect occurs because narratives are perceived as more
informative when they are provided by patients than by health care providers.

After years of seeing patients with similar conditions, health care providers will be able
to build a narrative of their ‘proven experience.” ® One study found that participants
perceived a claim as more informative when it came from an expert describing a pattern
among multiple people rather than from a lay person describing one personal exg&tience.
However, it has not yet been tested whether the number of patients referred to in a health-care
provider’s narrative affects patients’ perceptions of the informativeness of the presented

narrative, and subsequent decision making.

The role of numeracy.

How people respond to different narratives may depend on their numeracy.
Numeracy refers to people’s ability to use numbers, ?324 which varies widely in the general
population®?® Low numeracy is related to generating less valid health risk percetions,
misunderstanding risk/benefit informati6f, making decision errofé>3? and worse disease
managemeri? More importantly, individuals with lower numeracy are often less motivated
to engage with statistical informatid#?*d and give more weight to non-numeric
information, even if it is irrelevan®*®

One study reported that individuals with lower numeracy relied more on narrative
intelligence reports than on statistical evidence, in judgments of terréi®igkon-numeric
information may be especially helpful to low-numerate individuals in deriving evaluative
meaning, which they find harder to extract from statistical informé&tiori.o date, we are
not aware of studies that have examined the role of numeracy in responses to anti- or pro-

vaccine narratives, as provided by patients or health-care providers.
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Research questions

Based on our review of the literature, we posed three research questions. Our first
research question asked whether anti-vaccine (vs. pro-vaccine) narratives would especially
affect participants with lower numeracy, in terms of eliciting relatively (a) higher ratings of
perceived informativeness and (b) lower vaccination probabilities, as compared to
participants with higher numeracy. Our second research question asked whether (a) more
perceived informativeness and (b) higher vaccination probabilities would be observed for
narratives provided by another patient rather than by a health care provider discussing the
experience of one or fifty patients, especially among recipients with lower numeracy. Our
third research question asked whether any statistically significant differences in judged
vaccination probabilities (as examined for research questions 1a, 2a) were mediated by
differences in level of perceived informativeness (as examined for research questions 1b, 2b).

We presented anti-vaccine or pro-vaccine narratives to participants fo@n
nationally representative sample. The participants had varying numeracy. Narratives were
provided by one patient as a personal experience, by a health care provider as another

patient’s experience, or by a health care provider as the experience of 50 patients.

Methods
Sample.

Participants were members of the nationally representative University of Southern
California’s Understanding America Study (UAS) panel.®® Since 2014, the UAS has mailed
invitations to randomly selected US addresses to recruit adults aged 18 and older. If needed,
interested individuals were provided with internet access and a computer or tablet. UAS
members get regular invitations to participate in online surveys. They receive $20 for

approximately every 30 minutes of survey time. At the time of our survey, the UAS had
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2024 members who had completed the entry survey. Of those, 1761 received an invitation
for our survey. A total of 1113 answered the questions relevant to our analyses, resulting in a

63% response rate. Sample characteristics are discussed in the Results.

Procedure.

The Institutional Review Boaraf the Universityof Southern California approved
data collection. We collected our data during the influenza pre-season (21 September
through 2 November 2015), with flu activity peaking between December and FeBPuary.
Although we intended to close the survey on 2 November 2015, it inadvertently remained
available through the flu season until Februa) @92016. Including the additional 147
surveys completed after our intended closing date did not affect the main findings reported
here (a=.05).

Participants were randomly assigned to one of six equivalent narratives (for full text,
see Appendix). Flesch-Kincaid readability statistics for all narratives was at U.S. grade level
44040 Average adult literacy in the U.S. varies around grade level 7-9, so readability
guidelines recommend that patient communications do not exceed that¥sigehe first
dimension that we varied across our narratives was whether they were anti-vaccine or pro-
vaccine. Narratives communicated anti-vaccine evaluative meaning by describing patients
who wished they had not gotten a flu shot, because they had the flu after getting a flu shot.
Narratives communicated pro-vaccine evaluative meaning by describing patients who wished
they had gotten a flu shot, because they had the flu after not getting a flu shot. The second
dimension was whether the narrative involved one patient discussing a personal experience, a
doctor discussing one patient’s experience, or a doctor discussing the experience of 50
patients (e.g. patient n=1, doctor n=1 and doctor n=50). Following previous'Waik,

participants additionally received the same statistical information from a publicly available
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CDC pamphlet about vaccine benefits (Supplemental Materials available from the authors
upon requestf) We counterbalanced the order of the presented narrative and the CDC
pamphlet.

After reading the presented narrative, all participants judged their probability of
getting a flu shot this year and next year, and indicéitgr perceptions of the narrative’s
informativeness. These questions were also asked about the CDC pampbhlet, but our research
guestions for this paper focus on responses to the narratives. All questions appear in the
Supplemental Materials that are available from the authors upon request. Our funders had no

role in the study.

Measures.

Numeracy. As part of their panel entry survey, participants received an 8-item
numeracy measure compiled from existing scales (e.g., “In the Acme Publishing
Sweepstakes, the chance of winning a car is 1 in 1000. What percentage of tickets for the
Acme Publishinggweepstakes win a car?”).?®) Participants’ responses were coded for
accuracy. Missing responses were coded as incorrect, b&t 88aur participants had no
missing responses’ronbach’s alpha across the eight items was sufficient to warrant the
computation of the proportion of correct responses (0=.73).

Judged vaccination probability.aficipants gave their probability of getting a flu

shot during the current flu season (Fall 2015-Spring 2016) and the next (Fall 2016-Spring
2017). Participants responded on visual probability scales ranging from 0-100%, which are
less likely to produce an overuse of the 50% response as comparethtthgiblank

probability question§? Agreement between the two judged vaccination probabilities is seen

in Cronbach’s alpha (0=.97), as well as the Spearman-Brown coefficient (§=.97), which is a
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better estimate for reliability when scales have two itéfhblence, internal consistency was
sufficient to warrant the computation of the average across the two measures.

Perceived informativeness of narrative. Participants rated the narrative they received

on 1-5 rating scales, including (1) how convincing the information was; (2) how easy the
information was to understand; (3) how interesting the information was; (4) how worrisome
the information was; (5) how useful the information would be if they were deciding whether
or not to get a flu shot; (6) how relevant the information was to them personally; (7) how
trustworthy the source of the information was; (8) on how much experience the information
was based; and (9) on how much evidence the information was based. Cronbach’s alpha was
sufficient across the nine responses to warrant the computation of an overall mean score
(0=.88).

Perceived risk and harm reduction. We also asked participants about two other

variables that have been associated with getting vaccir&tédst, they judged the
probability of getting the flu if they did not get a flu shot, and if they did get a flu shot.
Visual probability scales ranged from 0-100%. We subtracted the latter from the former, to
indicate perceived risk reduction from getting the flu shot. Second, participants assessed how
sick they would be if they got the flu, if they did not get a flu shot, and if they did get a flu
shot. Rating scales ranged from 1 (=not sick at all) to 5 (=very sick). We computed whether
the latter was higher (=1) the same (=0) or lower (-1) as compared to the former, to indicate
perceived harm reduction from getting the flu shot.

Experiences. Participants reported on experiences relevant to getting
vaccinated*"*849 First, we asked participants how long ago they had flu shots and the flu,
with options including “never” as well as specific previous seasons and “don’t know or don’t

remember.” Second, participants indicated who helped them to make decisions about
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whethe or not to get flu shots, with options including “no one,” as well as health care

professionals and family members.

Analysis plan.

Analyses were conducted in SPSS 21, with a=.05 significance levels. To examine
rates of participation, we compared our participants to the rest of the nationally representative
panel on demographics and measures completed in the panel entry survey. These analyses
excluded the 30 panel members who skipped the numeracy assessment. We identified
potential control variables as those significantly correlated with numeracy.

Next, we conducted separate Analyses of Covariance (ANCOVA) on perceived
informativeness and on judged vaccination probabilities, comparing groups of participants
who had received narratives varying in evaluative meaning (anti-vaccine vs. pro-vaccine) and
information source (patient n=1 vs. doctor n=1 vs. doctor n=50), while including continuous
variables for numeracy and its interactions with these two conditions. We controlled for
main effects of and interactions with presentation order, as well as perceived harm and risk
reduction, and demographic variables correlated with both numeracy and vaccination
intentions (as identified in the Results). Varying the included control variables did not affect
the main finding of the paper. To test our first research question, we examined the effect of
the interaction between anti-vaccine vs. pro-vaccine evaluative meaning and numeracy on (a)
perceived informativeness and (b) judged vaccination probabilities. To test our second
research question, we examined the effect of the interaction between information source and
numeracy on (a) perceived informativeness and (b) judged vaccination probabilities.

Auxiliary analyses involved one-sample t-tests to examine whether perceived harm reduction

and perceived risk reduction were greater than 0, as reported among participants who



Influenza vaccine narratives 12

received anti-vaccine vs. pro-vaccine narratives, and ANCOVAs to examine group
differences in these variables.

We tested our third research question by conducting a moderated mediation analysis
that examined whether the significant interaction effect of participants’ numeracy and
narratives’ anti-vaccine vs. pro-vaccine evaluative meaning on judged vaccination
probabilities was statistically explained by perceived level of informativeness. We also
conducted separate multi-mediation analyses for anti-vaccine and pro-vaccine narratives. All
mediation analyses used Hayes” SPSS PROCESS macro, ®9 and controlled for narrative’s
information source, presentation order, perceived risk reduction, perceived harm reduction,
and variables correlated with numeracy. We did not conduct such a moderated mediation
analysis to examine the interaction effect of numeracy and information source, because we
found no significant interaction on vaccination probabilities, or on perceived informativeness.
Following previous work3® the numeracy variable was continuous in all analyses, but was
divided into three groups of similar sizes (with cut-offs at tH&@&rcentile score of .33 and

the 66" percentile score of .63) to simplify graphs (Figures 1-2).

Results

Sample characteristics.

Participants who completed our survey were slightly more numerate than the rest of
the panel, on average (M=.48, SD=.25 vs. M=.46, SD=.25), t(2022)=-2.14, p=.03, despite
having similar medians (=.50). This median was also observed in previous s&fhples.
Those who completed our survey were also more likely to have a college degree (44% vs.
38%), x(1)=7.15, p=.01. They were similarly likely to report being female (52% vs. 53%),
x(1)=.28, p=.59 and nomwhite (16% vs. 16%), x(1)=.00, p=.97. They had similar ages

(M=49.06, SD=15.17 vs. M=48.12, SD=15.60), t(2031)=-1.38, p=.17.
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Higher numeracy was significantly correlated with being male (r=.26, p<.001), white
(r=.18, p<.001), college-educated (r=.41, p<.001), perceiving harm reduction from getting a
flu shot (r=.07, p=.01), and making flu shot decisions without help from others (r=-.13,
p=.01). Our analyses therefore controlled for these variables. Numeracy was not correlated
with age (r=-.02, p=.10), perceived risk reduction from getting a flu shot (r=.06, p=.06), ever

having had a flu shot (r=.06, p=.06), or ever having had the flu (r=.05, p=.10).

Perceived informativeness of narrative (Research Questions la and 2a).

Figure 1 shows the perceived informativeness of narratives, by participants’ numeracy
and anti-vaccine vs. pro-vaccine narratives. There was a main effect of numeracy, F(1,
1083)=25.41, p<.001, with lower numeracy being related to generally perceiving narratives
as more informative (r=-.20, p<.001). There was no main effect of anti-vaccine vs. pro-
vaccine narratives, F(1, 1083)=.12, p=.73.

When testing for Research Question 1a, we found a significant interaction between
numeracy and the anti-vaccine vs. pro-vaccine narratives, F(1, 1083)=6.48, p=.01. That is,
participants with higher numeracy perceived anti-vaccine narratives as less informative than
participants with lower numeracy (r=-.28, p<.001). They also perceived pro-vaccine
narratives as less informative than participants with lower numeracy, but the pattern was less
strong (r=-.13, p<.01). There were no other significant main effects or interactions, including

for information source by numeracy (Research Question 2a).

Judged vaccination probability (Research Questions 1b and 2b).

Figure 2 shows judged vaccination probabilities by participants’ numeracy and anti-
vaccine vs. prosaccine narratives. There was a main effect of narratives’ evaluative

meaning, suggesting that across participants varying in numeracy, anti-vaccine narratives
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produced significantly lower vaccination probabilities than did pro-vaccine narratives
(M=54.59, SD=42.55 vs. M=58.47, SD=41.29), F(1, 1083)=3.97, p<.05. We found no main
effect of numeracy, F(1, 1083)=.84, p=.36.

When testing for Research Question 1b, we found a significant interaction between
numeracy and narratives’ evaluative meaning, F(1, 1083)=4.09, p=.04. That is, individuals
with lower numeracy gave significantly lower vaccination probabilities than did higher
numeracy individuals after reading anti-vaccine narratives (r=.16, p<.001), but gave similar
vaccination probabilities after reading pro-vaccine narratives (r=.05, p=.28). There were no
other significant main effects or interactions, including for information source by numeracy

(Research Question 2b).

Perceived risk and harm reduction (Auxiliary Analyses).

Flu shots were perceived as relatively effective across all participants, as seen in
perceived risk reduction being significantly greater than 0 both for those reading anti-vaccine
narratives (M=7.875D=29.66, t1(570)=6.34, p<.001) and those reading pro-vaccine narratives
(M=13.25, SD=30.44, 1(541)=10.13, p<.001). Similarly, perceived harm reduction was
significantly greater than 0 among participants who received anti-vaccine narratives (M=.32,
SD=.63, 1(570)=12.26, p<.001), and participants who received pro-vaccine narratives (M=.46,
SD=.62, t(541)=17.46, p<.001).

Yet, anti-vaccine narratives did lead to less favorable perceptions of flu shots, as
compared to pro-vaccine narratives. That is, we found lower perceived risk reduction due to
vaccination after reading anti-vaccine narratives rather than after reading pro-vaccine
narratives (M=7.87SD=29.66 vs. M=13.25, SD=30.44), as seen in a significant main effect
of anti- vs. pro-vaccine narratives, F(1, 1085)=7.11, p=.01. Similarly, we found lower

perceived harm reduction due to vaccination after anti-vaccine narratives than after pro-
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vaccine narratives (M=.32, SD=.63 vs. M=.85=.62), as seen in a significant main effect of
anti- vs. pro-vaccine narratives, F(1, 1085)=4.62, p=.03. There were no other significant

main effect or interactions on either of these two dependent variables.

Mediation analyses (Research Question 3).

As noted in the analysis plan, we examined whetherdomerate individuals’ lower
judged vaccination probabilities, as reported after reading anti-vaccine vs. pro-vaccine
narrative narratives, were statistically explained by their perceiving especially anti-vaccine
narratives as being more informative. Figure 3A shows the mediation model for anti-vaccine
narratives, and Figure 3B for pro-vaccine narratives. Both models indicated that the
relationship between numeracy and judged vaccination probabilities was significantly
mediated by narratives’ perceived informativeness (95% CI=1.52, 8.84 for anti-vaccine
narratives; 95% CI=-13.04, -3.28 for pro-vaccine narratives). Indeed, significant mediation
can occur even with non-significant relationships such as those for pro-vaccine narratives
(Figure 3B)®?

A moderated mediation analysis confirmed that the mediation pattern was
significantly different for anti-vaccine narratives as compared to pro-vaccine narratives (95%
Cl=-16.62, -4.39), in two ways. Firstarmatives’ evaluative meaning significantly moderated
the relationship between numeracy and perceived informativeness of the narratives (B=.56,
p<.01), with decreases in numeracy being associated with perceiving more informativeness
for anti-vaccine (Figure 3A) than for psaecine narratives (Figure 3B). Second, narratives’
anti- vs. pro-vaccine evaluative meaning significantly moderated the relationship between
narratives$ perceived informativeness and judged vaccination probabilities (B=20.18,
p<.001). Thatis, perceiving anti-vaccine narratives as more informative was associated with

lower vaccination probabilities (Figure 3A), while perceiving pro-vaccine narratives as more
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informative was associated with higher judgments of vaccination probabilities (Figure 3B).
Overall, these analyses suggested that individuals with lower numeracy reported vaccination
probabilities that were reduced by anti-vaccine narratives, and to a lesser extent boosted by
pro-vaccine narratives due to perceiving narratives as more informative than did

individuals with higher numeracy.

Discussion

In a national US sample, we examined how recipients varying in numeracy responded
to anti-vaccine and pro-vaccine narratives. We found that individuals with lower numeracy
generally perceived narratives as more informative. By comparison, participants with higher
numeracy found especially anti-vaccine narratives less informative. Anti-vaccine narratives
reduced judged vaccination probabilities as compared to pro-vaccine narratives, especially
among participants with lower numeracy. A mediation analysis suggested that low
numerate individuals’ judged vaccination probabilities were reduced by anti-vaccine
narratives and to a lesser extent boosted by pro-vaccine narratesto their perceiving
narratives as being relatively more informative than diddrnglimerate individuals.

Yet, we found no evidence of anti-vaccine narratives actually being perceived as more
informative, as compared to pro-vaccine narratives, as would have been predicted by the
social amplification of risk framewor&” Moreover, our findings were unaffected by
whether narratives were provided by a patient describing a personal experience, a physician
describing a patient’s experience, or a physician describing 50 patients’ experience.

Narratives’ source of information had no effect on reported judged vaccination probabilities
or on perceptions of how informative narratives were. Perhaps because our narratives were
designed to present equivalent content, they showed similar effectiveness for first person and

third person narratives.
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One notable limitation of our study is that participants reported their probabilities of
getting vaccinated, rather than their actual vaccination behaviors. However, vaccination
intentions are correlated to actually getting vaccindt@dA second limitation is that the
pro-vaccine narrative derived its evaluative meaning from patients wishing they had gotten a
flu shot, because they got sick after not getting a flu shot. That is, the pro-vaccine narrative
provided no direct evidence that the vaccine would have been effective. Yet, our analyses on
both perceived risk reduction and harm reduction confirmed that participants who read the
pro-vaccine narratives perceived vaccines as relatively effective (or significantly greater than
0). Although participants who read the anti vaccine narratives also perceived vaccines as
relatively effective, perceived effectiveness was greater after reading the pro-vaccine than
after reading the anti-vaccine narratives. A third limitation is that we did not measure
participants’ perceptions of vaccines before entering our study. Hence, we were unable to test
how participants’ perceptions of vaccines changed as a result of our anti-vaccine vs. pro-
vaccine narratives, or whether results held after controlling for participants’ different initial
perceptions. However, we did use random assignment to anti-vaccine vs. pro-vaccine
narratives, allowing us to conclude that these caused the reported effects on perceived
informativeness and judged vaccination probabilities. Moreover, the conclusions from the
reported mediation analyses held after additionally controlling for past vaccination behavior,
which is correlated to perceptions of vaccines (95%CI1=1.99, 9.20 for anti-vaccine narratives;
95% CI=-11.95, -2.71 for pro-vaccine narratives; 95% CIl=-15.93, -4.60 for moderated
mediation)*® A fourth limitation is that narratives did not attempt to explain actual
proportions of patients getting sick with or without a flu shot. It has been argued that
narratives could be included in decision aids to show a statistically representative proportion
of positive and negative patient experiences, in combination with stating the actual

proportions observed in the literature and health care providers’ experience.1%16539
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Despite these limitations, our findings have implications for the design of narratives
as part of decision aids and patient communications. Recipients with lower numeracy may
perceive narratives as more informative, without distinguishing between anti-treatment and
pro-treatment narratives. In other contexts, decision makers have even treated negative
information as more informative than positive information, by giving more weight to
negative traits than to positive traits when forming impressions of oftfeasid more weight
to losses than to gains when choosing between gaffidl&se relative influence of anti-
treatment and pro-treatment narratives may partially be corrected by presenting narratives
that are more representative of typical patient experiences, or including a warning that
narratives may not be representative of typical patient experiéné®8.5” Another
strategy for counteracting dispropionate influence of narratives on patients’ decisions is to
provide visual display€® Visual displays can help people with higher and lower numeracy
to better process statistical risk informatit?®) Thus, different information formats may be

needed for effectively informing the decisions of patients varying in numeracy.
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Figure 1: Effect of numeracy and anti-vaccine versus pro-vaccine narratives on perceived
informativeness.
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Note: Numeracy was divided into three groups of equivalent sizes for this graph, but entered
as a continuous variable in all analyses. Error bars reflect standard errors. There was a
significant interaction between numeracy and anti-vaccine vs. pro-vaccine narratives, in
addition to a significant main effect of numeracy (p<.05, for each).
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Figure 2: Effect of numeracy and anti-vaccine versus pro-vaccine narratives on judged
probability of getting vaccinated.
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Note: Numeracy was divided into three groups of equivalent sizes for this graph, but entered
as a continuous variable in all analyses. Error bars reflect standard errors. There was a
significant interaction between numeracy and anti-vaccine vs. pro-vaccine narratives, in
addition to a significant main effect for anti-vaccine vs. pro-vaccine narratives (p<.05, for
each).
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Figure 3: Mediation model for (A) anti-vaccine narratives and (B) pro-vaccine narratives.

(A)

Perceived
informativenes

_____________ vaccination
probability

(B)

Perceived
informativenes

Judged
vaccination
probability

5.68(710.32)

Note: Both models represent significant mediation (p<.05). Relationship between numeracy
and judged vaccination probability is shown after considering perceived informativeness
(with effect before considering perceived informativeness between parentheses). A separate
moderated mediation analysis showed that the mediation path was significantly different for
anti-vaccine vs. pro-vaccine narratives (95% CI=-18.87, -6.03).
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APPENDIX: NARRATIVES

ANTI-VACCINE, PATIENT N=1.

A patient at your doctor’s office tells you the following about flu shots:

Here is what happened to melidl get a flu shot. Then I got very sick with flu-like

symptoms. | had a high fever, severe body aches, and chills. | had to stay in the hospital
overnight. After | came home, | spent about two weeks in bed. | was unable to do anything. |
had to miss important events, including a big family wedding. | ended up wishaugniot

gotten the flu shot that year.

PRO-VACCINE, PATIENT N=1.

A patient at your doctor’s office tells you the following about flu shots:

Here is what happened to melidl not get a flu shot. Then I got very sick with flu-like
symptoms. | had a high fever, severe body aches, and chills. | had to stay in the hospital
overnight. After | came home, | spent about two weeks in bed. | was unable to do anything. |
had to miss important events, including a big family wedding. | ended up wishaa |

gotten the flu shot that year.

ANTI-VACCINE, DOCTOR N=1.

Your doctor tells you the following about flu shots:

“Here is what happened to one of my patients. She did get a flu shot. Then she got very sick

with flu-like symptoms. She had a high fever, severe body aches, and chills. She had to stay
in the hospital overnight. After she came home, she spent about two weeks in bed. She was
unable to do anything. She had to miss important events, including a big family wedding. She
ended up wishing shead not gotten the flu shot that year.”

PRO-VACCINE, DOCTOR N=1.

Your doctor tells you the following about flu shots:

“Here is what happened to one of my patients.dsth@ot get a flu shot. Then she got very

sick with flu-like symptoms. She had a high fever, severe body aches, and chills. She had to
stay in the hospital overnight. After she came home, she spent about two weeks in bed. She
was unable to do anything. She had to miss important events, including a big family wedding.
She ended up wishing shead gotten the flu shot that year.”

ANTI-VACCINE, DOCTOR N=50.

Your doctor tells you the following about flu shots:

“Here is what happened to one of my patients. She did get a flu shot. Then she got very sick

with flu-like symptoms. She had a high fever, severe body aches, and chills. She had to stay
in the hospital overnight. After she came home, she spent about two weeks in bed. She was
unable to do anything. She had to miss important events, including a big family wedding. She
ended up wishing sHead not gotten the flu shot that year. | have met about 50 patients with
similar regrets.”

PRO-VACCINE, DOCTOR N=50.

Your doctor tells you the following about flu shots:

“Here is what happened to one of my patients. She did not get a flu shot. Then she got very

sick with flu-like symptoms. She had a high fever, severe body aches, and chills. She had to
stay in the hospital overnight. After she came home, she spent about two weeks in bed. She
was unable to do anything. She had to miss important events, including a big family wedding.
She ended up wishing shad gotten the flu shot that year. | have met about 50 patients with
similar regrets.”
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SUPPLEMENTAL MATERIALS: CDC PAMPHLET

What are the Benefits of Flu Vaccination?

How can I protect myself against flu?
Yearly fiu vaccination is the best tool currently available to protect against influenza (fiu).

While how well the flu vaccine works can vary, the Centers for Disesse Control and Prevention (COC)
recommends a yearly flu vaccination as the first and most impartant step In protecting against fiv and
its patentially serjous complications. Millions of peaple have safely recelved flu vacdnes for decades. Flu
vaccination can reduce fiu llinesses, doctors’ visihts, and missed work and school due to fiu, &5 well &=
prevent flu-related hospitalizations.

Recent studies* by COC researchers and other experts indicate that fiu vacdne reduces the risk of
doctor visits due to fiu by approximately 60% ameng the overall pepulation when the vaccine viruses
are lke the ones spreeding in the community.

A flu vaccination does not guarantes protection against the flu. Some paople who get vacdinated might
sl get sick. However, pecple who get & flu vaccine are less lIkely to pet sick with fiu than somecne
who does not get vacanated.

Why should I get the flu vaccine?
There are lots of reasons to get a flu vaccine each year,

o Flu vaccination can keep you from getting ok from flu. Protecting yourself from flu siso protects
the pedple around you who are more vulnerable to sercus flu lliness.

*  Flu vaccination can help protect people who are at greater risk of gatting sercusly Il from Ay, like
older aduits, peopie with chronic health conditions and young children (espedally Infants younger
than 6 months old who are too young to get vacinated),

o Flu vaccination also may make your lliness milder if you do get sick (Balshe, 1950).
»  Flu vaccination can reduce the risk of more serdous fiu outcomes, ke hospitalizations and deaths.

« A recent study showed that flu vacoine reduced children’s risk of flu-relsted pediatric intensive
care unit {PICU) admission by 74% during flu seasons from 2010-2012 (Fardicands, 2014).

o One study showed that flu vacdnation was associated with & 71% reducticn In flu-related
hospitalizations among adults of all ages and & 77% reduction among aduits 50 years of age
and older during the 2011-2012 flu season (Talbot, 2013).

o Flu vacdnstion |5 &an Important preventive tool for people with chronic health conditions,
Vaccination was associated with lower rates of some cardiac events among people with heart
disease (Clezevwsl, 2008; Pheommintikul, 2011), especially among those who had had &
cardiac event In the past year (Udell, 2013), Fiu vacdnation &lso has been shown to be
associated with reduced hospitalizations among pecple with diabetes (79%; Colguhoun, 1937)
and chronic lung disease (52%); Nichol, 1999).

o Vaccination belps probect women during pregnancy and their babies for up to & months sfer
they &re born. One study showed that giving fiu vaccing to prégnant wormen was 92%
effective in preventing hospitalization of infants for flu (Benowitz, 2010).

= Other studies have shown that vaccination can reduce the risk of flu-related hospitalizations In
older adults. A study that locked at flu vacdne effectivencess over the course of three flu
seasons estimated that flu vaccination lowered the risk of hospltalizations by 6156 In people 50
years of age and older (Talbot, 2011).
“A st of references for the research studies mentionad above & avaiable on the COC website
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How well do flu vaccines work?

The benefits of fiu vaccination can vary. The most important factors that affect how well the

fiu vaccine works include:

=  The *match” between the flu vaccine and the fiu viruses that are spreading that season; and
¢ Factors such 25 the age and overall health of the parscn being vaccinated. For example, oider
people with weaker Immune systems may respond less well 2o vaccination.
Experts are working to create flu vactines that work better, but existing flu vaccines still offer

important health benefits to the community.

The following is a list of all the health and age factors that are known to increase a
person’s risk of getting serious complications from the flu:

Asthana
Blood disorders (such as sickle cell cisease)

Chronic lung disease {such as chronic obstructive
pulmanary disease [COFD) anc cystic fibrosis)

Endocrine disorders (such as ciabetes melitos)

Hears disease (such as congenital heart disease,
congestive heart fallure and corcnary artery
cizease)

Kidney cxorders
Liver disorders

Metabolic disorders {such as Inherted metadbolic
cisorcers and mitochondrial dsorders)

Morbid cbesity

It is especially important
quickly if they get flu symptoms,

Newrological and neurodeyeiopmental conctions

Feople younger than 19 years of age on long-term
azpirn therapy

Waakened iImmune system due to disease or
madication (such as peopie with HIV or AIDS, or
cancer, or thase on chranic steroids)

Other people at high risk from the flu:
Adults 65 years and cicer

Chilidren younger than S years oid, but especially
children yourger than 2 years old

Fregnant women and women up to 2 weeks after
the end of pregnancy

American Indlans and Alacka Notives

that these people get a fMlu vaccine and seek medical treatment

For more information, visit www.cdc gov/fly or call 800-CDC-INFO.

Note: This pamphlet is publicly available from the CDC webShe.
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SUPPLEMENTAL MATERIALS: SURVEY QUESTIONS

Judged vaccination probability
1. Thinking about the story you just read... What are the chances that ygetwilflu
shot duringthis flu season (Fall 2015 - Spring 2016)?

0% 100%
10% 20% 30% 40% S50% 60% 70% 80%  90%

% 15%  25% 35%  45% 55% < 65% /5%  85%  95%
0% 100%

no chanc certainty

Please click on the scale or enter a number between 0 and 100 %

2. Thinking about the story you just read... What are the chances that ygetwilflu
shot during thenext flu season (Fall 2016 - Spring 2017)?

0% 100%
10 204 30% 40% 50% 60% /0% 80%  90%

5% 15%  25%  35% 45% 55% 65% 75% 85%  95%
0% 100%

no chanc certaint)

Please click on the scale or enter a number between 0 and 100 %

Per ceived infor mativeness of the narrative
1. How convincing was the story you just read?

1 2 3 4 5
Not convincing Very
at all convincing

2. How easy to understand was the story you just read?

1 2 3 4 5
Not easy Very
at all easy

3. How interesting was the story you just read?

1 2 3 4 5
Not interesting Very
at all Interesting

4. How worrisome was the story you just read?
1 2 3 4 5
Not worrisome Very
at all worrisome
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. How useful would the story you just read be if you were deciding whether or not to
get a flu shot?

1 2 3 4 5
Not useful Very
at all useful

. How relevant was the story you just read for you personally?

1 2 3 4 5
Not relevant Very
at all relevant

. How trustworthy did you find the source of the story you just read?

1 2 3 4 5
Not trustworthy Very
at all trustworthy

. On how much experience do you think the story you just read was based?

1 2 3 4 5
No experience A lot of
at all experience

. On how much evidence do you think the story you just read was based?
1 2 3 4 5
No evidence A lot of
at all evidence
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Judged probability of getting theflu
1. Thinking about the story you just read...
If you did not get a flu shot, what would be the chances that you wadtithe flu
during that flu season?

0% 100%
10 204 30% 40% 50% 60% /0% 80U  90%

5% 15%  25% 35%  45% 55%  65%  75%  85%  95%
0% 100%

no chanc certainty
Please click on the scale or enter a number between 0 and 100 %

2. Thinking about the story you just read...
If you did get a flu shot, what would be the chances that you wagdtithe flu
during that flu season?

0% 100%
10% 20% 30% 40% S50% 60% 70% 80%  90%

5% 15%  25%  35% 45% 55% 65% 75%  85%  95%
0% 100%

no chanc certaint)
Please click on the scale or enter a number between 0 and 100 %

Ratings of flu severity
1. Thinking about the story you just read...
If you did not get a flu shot and got the flu, howsick do you think you would be?

1 2 3 4 5
Not sick Very
at all Sick

2. Thinking about the story you just read...
If you did get a flu shot and got the flu, howsick do you think you would be?

1 2 3 4 5
Not sick Very
at all sick

Other variables
1. How long ago did youast get a flu shot?

____This current flu season (Fall 2015 to Spring 2016)
____This past flu season (Fall 2014 to Spring 2015)
___Two flu seasons ago (Fall 2013 to Spring 2014)
____Three flu seasons ago (Fall 2012 to Spring 2013)
___Four flu seasons ago (Fall 2011 to Spring 2012)
____Longer ago (prior to Fall 2011)
__ D’ve never gotten a flu shot
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2. How long ago did gu last think you had the flu?
____This current flu season (Fall 2015 to Spring 2016)
____This past flu season (Fall 2014 to Spring 2015)
____Two flu seasons ago (Fall 2013 to Spring 2014)
____Three flu seasons ago (Fall 2012 to Spring 2013)
____Four flu seasons ago (Fall 2011 to Spring 2012)
__ Longer ago (prior to Fall 2011)

____I’venever had the flu

3. Who has helped you to make decisions about whether os pet flu shots? (Please
check all that apply)
____Noone
____The CDC (Centers for Disease Control)
____Doctor, nurse, or other health care professiona
____Patientyou met at the doctor’s office
____ My spouse, fiancee, or partner
___ My children
____ Others (please tell us who)




