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Abstract

Insufficient scientific evidence about electronic cigarettes (e-cigarettes) has led to conflicting
recommendations (CRs) by credible scientific organizations, creating a public health debate that
could prove especially difficult to reconcile as current and former smokers make decisions about
whether to use e-cigarettes. To investigate how CRs about e-cigarettes may affect intentions to
engage in healthy behaviors, 717 former and current smokers were randomly exposed to one

of five conditions (varying in the level of conflict in recommendations) in this between-subject
experiment. Our results indicated a significant interaction between the message level of conflict
and individuals’ information avoidance, employed to maintain hope and deniability. These results
suggest the effects of CRs stemming from scientific uncertainty vary with subgroups of people,
pointing to several pressing theoretical and practical implications.
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Despite the human drive to reduce uncertainty and to explain the world (Berger & Calabrese,
1975), achieving complete certainty or predictability is often not plausible, especially in a
context where scientific inquiry surrounding the topic is preliminary and still developing
(Bradac, 2001). Defined as the “subjective perception of ignorance” (Han et al., 2011, p.
830), uncertainty arises in individuals confronted with circumstances involving probability
and without access to sufficient and reliable information (Babrow et al., 1998). To better
understand, co-exist with, and manage uncertainty, multiple theories have been proposed
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across contexts from health information to interpersonal relationships, highlighting the
phenomenon’s complexity (Afifi & Weiner, 2004; Berger & Calabrese, 1975; Brashers &
Babrow, 1996; Ellsberg, 1961).

More recently, decision-making in the face of scientific uncertainty has found a new case
study in the booming market of electronic cigarettes (e-cigarettes). Since the introduction

of e-cigarettes as an alternative nicotine delivery device to the U.S. market in 2007, the
popularity and sales of e-cigarettes have been consistently on the rise. For example, the
popular JUUL brand increased sales by 641% from 2016 (2.2 million) to 2017 (16.2 million;
King et al., 2018). The e-cigarette market totaled $2.5 billion in 2014 (Mickle, 2015),
projecting e-cigarette sales to surpass traditional cigarette sales by 2047 (Robehmed, 2013).

Despite their growing popularity, the health consequences of e-cigarettes remain a topic
for scientific debate among credible health organizations. Whereas some organizations
acknowledge the lack of sufficient scientific evidence, others frame e-cigarettes in either
a negative or positive light by selectively emphasizing their potential risks (e.g., long-
term health effects, second hand vaping; American Academy of Pediatrics [AAP], 2015,
2019; Food and Drug Administration [FDA], 2020) or benefits (e.g., harm reduction,
smoking cessation; Royal College of Physicians [RCP], 2016; Truth Initiative, 2019a;
World Health Organization [WHO], 2019). Thus, in the face of unresolved uncertainty
about the health effects of e-cigarettes, credible organizations have introduced conflicting
recommendations (CRs)—messages providing competing claims about e-cigarette use that
cannot simultaneously be true—into the information environment.

Not only do CRs from credible public health institutions complicate individual decision-
making about whether using e-cigarettes is a healthy or undesirable behavior, but this
perceived uncertainty may spill over to other health behaviors where recommendations are
clear and certain. For example, exposure to contradictory health information often creates
public confusion about health behavior in cancer- and nutrition-related literature (e.g.,
Johnson-Taylor et al., 2007; Nagler, 2014). As credible public health sources advocate for
health behaviors that reduce ones’ risk of cancer—including smoking cessation, daily fruit
and vegetable consumption, routine exercise, and limited alcohol consumption—CRs about
e-cigarettes for smoking cessation may activate beliefs about these off-target behaviors,
artificially creating perceived uncertainty for consensus health recommendations. This
carryover of confusion stemming from CRs about e-cigarettes and smoking cessation

to other health recommendations may be differential based on individual strategies for
managing uncertainty, yet only a few studies have investigated these potential interactions
(Brashers, 2001; Carcioppolo et al., 2016).

The current study used an experiment including 717 former and current smoker participants
to investigate the interaction between CRs and individuals’ information avoidance tendency
(IAT)— which can change based on personal characteristics, communication experiences,
and contextual factors— on both confusion about e-cigarettes and carryover effects on other
health behaviors considered by the Centers for Disease Control and Prevention (CDC) as
essential for lowering individual cancer risk (CDC, 2018): healthy diet, exercise, and alcohol
intake. The findings of the study shed light on the decision theory of processing uncertainty
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(Ellsberg, 1961) and the UMT literature (Barbour et al., 2012; Brashers, 2001, 2007,
Brashers et al., 2000), as well as inform practical interventions to alleviate the potential
adverse effects of CRs about e-cigarettes on smokers, particularly those with low level of
health IAT.

Conflicting Recommendations (CRs) about E-cigarettes

E-cigarette use continues to rise in the U.S. among adults, with the highest prevalence
among youth and young adults (McMillen et al., 2015; Syamlal et al., 2016). Over a

quarter of high school students use e-cigarettes, and young adults are more likely to initiate
e-cigarettes than older adults (Cullen et al., 2019; Truth Initiative, 2019b). Despite the
prevalence of e-cigarette use, the potential risks (e.g., long-term health effects, secondhand
vaping) and benefits (e.g., harm reduction, cessation aid) associated with these devices
remain unclear. Although the association between vaping and recent outbreaks of pulmonary
illness was established, the public health community has yet to specify exactly which
products or chemical substances in e-cigarettes cause lung injuries, exacerbating existing
uncertainty, debate, and even panic about the long-term health effects (CDC, 2019).

In light of insufficient scientific evidence about e-cigarettes, contradictory information

and recommendations were published by credible health organizations and professional
associations. Whereas some of these statements acknowledge the lack of scientific evidence,
others undermine uncertainty by framing e-cigarettes in either a positive or negative light
by emphasizing the potential benefits or risks of e-cigarettes. Specifically, some emphasize
that electronic nicotine delivery systems (ENDS) can be a tool for harm reduction as a
potential smoking cessation aid, as several credible organizations state (e.g., RCP, 2016;
Truth Initiative, 2019a; WHO, 2019). For example, Public Health England has reiterated its
claim in a new campaign that “vaping is at least 95% safer than smoking” and “the devices
have helped thousands of people to quit smoking” (Kmietowicz, 2018, p. 1).

At the same time, other professional groups concluded that the current evidence is
insufficient to recommend ENDS for tobacco cessation among adults (Campaign for
Tobacco-free Kids, 2019; National Institute on Drug Abuse [NIDA], 2019). Although
some organizations have made statements about the negative long-term consequences of
e-cigarettes, such as AAP (2015), who stated “ENDS have the potential to addict a new
generation of youth to nicotine and reverse more than 50 years of progress in tobacco
control” (p. 1), others have pointed out that the long-term consequences remain unclear
(e.g., NIDA, 2019). Conflicting messages were disseminated also about the second- and
third-hand effects of vaping, such as the statement from the American Academy of Pediatric
Dentistry (2015) that “unrestricted access to smoking of e-cigarettes not only poses health
risks to the user, but also may pose health risks to people nearby due to second hand
exposure of the vapors” (p. 67), with disagreements from other organizations stressing
insufficient evidence of second- and third-hand vaping (e.g., Truth Initiative, 2019a).
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Adverse Outcomes and Decision Theory of Processing Uncertainty

Scientific uncertainty about e-cigarettes contributes to an information environment rife with
contradictions, as evident in studies showing exposure to overall e-cigarette information

is strongly and positively correlated with recall of contradictory e-cigarette information

(Tan et al., 2015). Contradictory e-cigarette information from credible organizations may
lead to adverse outcomes, which were documented in previous literature over a variety

of health behaviors. First and foremost, exposure to contradictory health information may
directly result in public confusion about the health behavior (e.g., Johnson-Taylor et al.,
2007; Nagler, 2014), with ambiguity theorized as the link between contradictory information
exposure and confusion (Ellsberg, 1961). According to Ellsberg’s (1961) decision theory of
uncertainty, when conflicting opinions and evidence are present, individuals will experience
high ambiguity and have low confidence in conclusions derived from that information, “even
where there is ample quantity of information, [and] where there are questions of reliability
and relevance of information” (p. 659). As a result, confusion or considerable ignorance may
result from exposure to contradictory information, making individuals feel they know little
about the issue or cannot respond given the available information (Ellsberg, 1961). Since
CRs about the potential risks and relative benefits of e-cigarettes compared to combustible
cigarettes is more relevant and salient to former and current smokers than those who have
never smoked, the first hypothesis was proposed as follows.

H: Exposure to CRs about e-cigarettes is positively associated with confusion
about the health effects of using e-cigarettes among former and current smokers.

The decision theory of uncertainty processing has been applied to understand the effects

of processing uncertain health-related information. In cancer-related research, people

were averse to ambiguity about cancer prevention recommendations and manifested this
ambiguity aversion through pessimistic or even fatalistic beliefs about the preventability of
cancer (Han et al., 2006; Niederdeppe & Levy, 2007). Uncertainty about cancer prevention
also predicts cancer information overload which, like fatalistic beliefs, lowers intentions to
engage in cancer prevention behaviors and consequently increases cancer risk (Niederdeppe
etal., 2014; Niederdeppe & Levy, 2007).

In addition to confusion and negative beliefs about a health behavior, contradictory

message exposure could also have important carryover effects to other health behaviors.

For example, Nagler (2014) found that natural media exposure to contradictory nutrition
information was positively associated with confusion. This led people to doubt not only
nutrition recommendations but also other health recommendations not subject to conflict and
contradiction (e.g., exercise), making them less likely to adhere to general healthy behaviors.
Therefore, people who feel confused about e-cigarettes might be less receptive to subsequent
health recommendations, particularly for health behaviors similarly recommended for
cancer risk reduction. If CRs about e-cigarettes for smoking cessation activate confusion
about consensus recommendations to reduce cancer risk, they may also undermine health
campaigns and interventions targeting other health behaviors. Thus, the second hypothesis
was proposed:
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H,: Former and current smokers’ confusion about e-cigarettes is negatively
associated with their intention to adhere to other healthy lifestyle recommendations.

Based on this line of reasoning, we also hypothesized an indirect effect of CRs about
e-cigarettes on intentions to adhere to healthy lifestyle recommendations through confusion:

Hs: Former and current smokers’ confusion about e-cigarettes mediates the
relationship between their exposure to CRs about e-cigarettes and their intention
to adhere to healthy lifestyle recommendations.

Uncertainty Management and Information Avoidance

In recent years, uncertainty scholars have witnessed a paradigm shift from defining
uncertainty as a necessarily undesirable state that motivates people to reduce it

(e.g., uncertainty reduction theory; Berger & Calabrese, 1975; Gudykunst, 1995), to
acknowledging that people could evaluate uncertainty as either positive or negative, an
appraisal that then determines how they manage that uncertainty, as posited by uncertainty
management theory (UMT) (Babrow & Kline, 2000; Brashers, 2001). Diverging from
conceptualizations of uncertainty as risk that needs to be avoided (Berger & Calabrese,
1975; Gudykunst, 1995), Brashers and colleagues argued, in the framework of UMT,

that individuals could at times evaluate uncertainty as a source of opportunity (Brashers,
2001; Brashers & Babrow, 1996; Brashers et al., 2000). Specifically, UMT claims that

when uncertainty is appraised as a source of danger, anxiety, and fear, individuals attempt

to reduce it; when uncertainty is appraised as an opportunity, associated with hope or
optimism, individuals seek to maintain or increase it (Brashers & Babrow, 1996). Individuals
increase or reduce uncertainty by seeking or avoiding information. For example, Brashers
and colleagues (2000) found that participants with HIVV/AIDS strategically deployed both
information seeking and avoidance to manage uncertainty about their prognosis. Here,
information avoidance can not only exacerbate uncertainty, as it does not resolve uncertainty
with more information, but it also reduces uncertainty by allowing individuals to avoid
potentially distressing knowledge or retreat from overwhelming information (Brashers et al.,
2000).

Although information avoidance is a prominent communicative response to uncertainty;, it
has received less scholarly attention than other coping strategies like information seeking.
Previous research tends to oversimplify information avoidance as a strategy deployed when
information is perceived as unpleasant and may cause “mental discomfort or dissonance”
(Case et al., 2005, p. 354). However, UMT maintains that individuals may also avoid
information when they appraise their state of uncertainty as an opportunity for hope and
optimism (Brashers et al., 2000; Brashers, 2001). Drawing on a mixed-method of survey
and content analysis, Barbour and colleagues (2012) derived six reasons for individuals’
information avoiding behaviors: (a) maintain hope or deniability, b) resist overexposure,
(c) accept limits of action, (d) manage flawed information, (e) maintain boundaries, and
(f) continue with life or activities. This formative research also showed that strategies

for avoiding information include removing or ignoring stimuli (e.g., avoiding people who
might provide health advice) and controlling conversations (e.g., withholding information,
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changing the subject), providing in-depth qualitative evidence for generalizing uncertainty
management research to other health contexts.

To quantitatively assess how uncertainty management influences individuals’
communication and decision-making, four uncertainty preference scales were proposed
(Carcioppolo et al., 2016): (a) avoiding information to maintain uncertainty, (b) avoiding
insufficient information, (c) seeking information to increase uncertainty, and (d) seeking
information to reduce uncertainty. When people avoid information to maintain uncertainty,
they appraise uncertainty as an opportunity and consider the information as scary.

For instance, individuals diagnosed with a serious illness (e.g., terminal cancer, severe
depression) may actively avoid information about unanimously high mortality of their
diseases. By avoiding such information, they can maintain hope and deniability through
desirable uncertainty (Barbour et al., 2012). In contrast, when avoiding information
considered as insufficient, such as health information from questionable sources (e.g., a
high school student’s Facebook post, a website without information about the author),
people believe the information is overwhelming or flawed, causing undesirable uncertainty
(Carcioppolo et al., 2016).

People differ in their tendency to avoid or approach information under distressful and
overwhelming information environments (Brashers, 2001). Specifically, exposed to the same
amount of e-cigarette information, individuals with high avoidance are likely to process and
be influenced by less information than those with low avoidance, by filtering out certain
amount of information that is undesirable to either maintain or reduce uncertainty. Thus,
individuals’ level (high vs. low) of information avoidance tendencies (IAT) may moderate
their exposure to CRs and consequently influence their level of confusion about e-cigarettes.
To contribute to understudied information avoidance behaviors and better understand how
individuals’ level (high vs. low) of IAT may interact with the effects of exposure to CRs, we
only focused on information avoidance strategies in the current study and thus proposed two
research questions:

RQ;y: Do levels (high vs. low) of IATs of former and current smokers moderate the
positive association between CRs about e-cigarettes and confusion?

RQ,: Does the indirect effect of CRs about e-cigarettes on intentions to adhere to
healthy lifestyle recommendations through confusion depend upon the levels (high
vs. low) of 1ATs of former and current smokers?

Method

Participants

Current (n=408) and former (7= 309) adult smokers from the United States were

recruited from online surveys conducted by Survey Sampling International (now Dynata)

in April 2018 and were compensated directly by Dynata. Current and former smokers were
examined because CRs about the potential harms and comparative benefits of e-cigarettes

as a smoking cessation tool are most salient to this population. Participants’ smoking status
was determined by lifetime smoking of at least 100 cigarettes. Those who had not smoked at
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least 100 cigarettes in their lifetime were ineligible for the current study. We also excluded
the responses from those who failed the attention check questions.

Participants ranged in age from 21 to 99 with an average age of 52.4 years (SD = 15.4).
The majority of participants were female (55.5%) and White (87.7%).1 Approximately half
of the participants indicated that they had ever tried vaping (7= 354, 49.4%), among whom
29.1% (= 103) were daily vapers, 30.5% (= 108) were occasional vapers, and 40.4% (n
= 143) were non-vapers by the time the study was conducted. Regarding their highest level
of education, 12.7% (= 91) reported holding a college degree or above, 29.3% (7= 210)
completed some college or technical school, 44.1% (7= 316) graduated from high school,
and 13.9% (n=100) had less than a high school education.

To test the hypotheses and examine the interaction between CRs and individuals’ 1AT, a
five condition (conflicting recommendations) between-subjects experiment was employed.
| AT—an exogenous variable measured prior to random assignment—was treated as an
individual characteristic moderator. The approval of the study protocol was obtained by the
university’s Institutional Review Board.

Participants were first asked to answer two eligibility questions about age and smoking
status. Adult participants who had smoked at least 100 cigarettes then answered two
questions about their vaping behaviors and seven questions measuring their IAT. Next,
participants were randomly assigned to one of five conditions, including (1) a treatment
condition containing CRs about e-cigarette use for smoking cessation, and four control
conditions not including any CRs about e-cigarette use: (2) recommendations favoring (pro-)
e-cigarette use for cessation, (3) recommendations discouraging (anti-/con) e-cigarette use
for cessation, (4) a general description of e-cigarettes without recommendations, and (5) a
no-message control.

The one-sided control conditions were designed to understand the unique role of two-sided
CRs, such as the role of motivated reasoning among motivated subgroups of former and
current smokers. We also included both the no-recommendation control and the no-message
control conditions so that we could isolate the effect of even being exposed to any e-cigarette
information, which likely activates an individual’s previous exposure and its sentiment
more so than the no-message control.2 After randomization and message exposure for the
four message conditions—the treatment condition and three message control conditions

(2 — 4)—subjects responded to questions measuring their confusion towards e-cigarettes
and intention to adhere to healthy lifestyle recommendations as the outcome variables.
Participants randomly assigned to the no-message control condition (condition 5) skipped
any e-cigarette-related recommendation and proceeded directly to the outcome measure

lour sample, although predominantly being White, showed consistency with the demographics of tobacco and e-cigarette users
in nationally representative samples. According to the latest Health Information National Trends Survey (HINTS; National Cancer
Institute, 2019) dataset, 80.8% and 80.6% tobacco users and e-cigarette users respectively reported as White.

The information level across conditions might be different, which future research is encouraged to take into account. Specifically, the
stimuli in the two-sided condition may be perceived as more informative than those in the one-sided or no recommendation control

conditions.
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questions (i.e., confusion, intention to adhere to healthy behaviors). Upon completion, all
participants were directed to the debriefing page, where the purpose of the study was
detailed, accurate and timely information about e-cigarettes was presented, and they were
thanked for their participation.

Messages were adapted from publicly available statements by credible national scientific
health organizations about e-cigarettes and designed as infographics to increase readability.
Across the four message conditions, we presented information from six credible

scientific health organizations (see Figure 1 for details), from which we collected

the recommendations or statements. However, we did not attribute each individual
recommendation or statement to any of the listed organizations in order to avoid any
potential negative consequence toward any particular source when individuals processed and
appraised those messages during the study.

All four message conditions contained four propositions, providing answers to the question
“Can e-cigarettes help you quit smoking?” for the three recommendation conditions
(conditions 1-3), and the question “What are e-cigarettes?” for the message control
condition (condition 4). The treatment CRs condition (condition 1) contained two arguments
endorsing the use of e-cigarettes for smoking cessation, and another two emphasizing the
potential risks and discouraging the use of e-cigarettes. The two recommendation control
conditions (conditions 2 and 3) presented one-sided recommendations only. Specifically,
the pro-e-cigarette and the anti-e-cigarettes conditions included four arguments endorsing
or discouraging e-cigarettes use respectively. The message control condition only provided
introductory information about e-cigarettes, without providing any recommendation about
using or not using e-cigarettes. No information was presented to participants randomized to
the no-message control condition. Details of the stimuli for conditions 1-3 can be found in
Figure 1.

Vaping Behavior—~Participants’ vaping status was evaluated with two questions. The
first question asked whether they have ever used e-cigarettes in their entire life, with three
options provided (i.e., “I have never tried them,” “I have tried them, but not in the past

30 days,” and “I used them at least once in the past 30 days”). The second question was
only shown to those who selected the third option, asking whether they were currently using
e-cigarettes on a 3-point scale (1 = not at all, 2 = some aays, 3 = every day).

Information Avoidance Tendencies (IAT)—Questions evaluating individuals’ IAT
were measured exogenously prior to stimuli exposure and adapted from the uncertainty
preference scale validated by Carcioppolo et al. (2016). Participants indicated their answers
on a 7-point Likert scale (1 = strongly disagree, 7 = strongly agree). According to

a confirmatory factor analysis (CFA), IAT that includes two factors (i.e., /information
avoidance to maintain uncertainty, avoidance of insufficient information to reduce
uncertainty) fit the data very well as a second-order latent construct, /1/2 (12)=21.74,p
=.04; CFl = .99, TLI = .97, RMSEA = 0.050 90% CI [0.010, 0.084] SRMR =0.035. We
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then conducted CFASs on these two factors separately, which were analyzed as potential
moderators individually. /nformation avoidance to maintain uncertainty was measured under
a stem question “I tend to AVOID health information because” followed by four statements:
“It can be depressing,” “I get anxious when | think about my health,” “Being constantly
reminded of it makes me nervous about my own health condition,” and “It can be scary to
think about” (a = .86, M=4.52, SD=1.47, Mdn= 4.75). A CFA yielded good model fit to
the data, /‘(2 (2) =.39, p>.05; CFl = 1.00, TLI = 1.00, RMSEA = 0.000 gg, c| [0.000, 0.066]:
SRMR = 0.004, with item loadings ranging from .77 to .89. The same stem question was
used to measure avoidance of insufficient information to reduce uncertainty, followed by
three statements: “There’s a lot of misinformation out there, so it’s difficult to know which
is truthful,” “The recommendations are always changing,” and “The amount of information
out there can be overwhelming” (a = .77, M=5.03, SD = 1.29, Mdn = 5.00). Given a
just-identified (or saturated) latent construct, a CFA yielded perfect model fit with item
loadings ranging from .77 to .88. The normality assumption was met for all items. Two
average scores were calculated for these two IAT factors respectively, and later dichotomized
using a median split to prepare for the inferential statistical analyses. We analyzed the 1ATs
as dichotomous moderators because (a) the operationalization is consistent with our RQs,
and (b) categorizing participants into two groups not only adds to the interpretability of the
results, but also provides more useful insights to the targeting strategies in message design
for future interventions.

E-cigarette Confusion—To understand participants’ confusion about e-cigarettes after
being exposed to the stimuli (or general confusion about e-cigarettes for participants in
the no-message control condition without any message exposure), three reverse-coded
statements were implemented on a 5-point Likert scale that ranged from 1 = strongly
disagreeto 5 = strongly agree (Nagler, 2014). Statements included “E-cigarette research
findings make sense to me,” “I have the knowledge I need about tobacco products (regular
cigarettes, e-cigarettes, etc.) to stay healthy,” and “I understand scientists’ recommendations
about how risky tobacco products (regular cigarettes, e-cigarettes, etc.) are” (M=2.00,
SD= .74, a = .62). All questions met the normality assumption and were reverse coded

in analyses, with higher values indicating higher level of confusion about e-cigarettes.
Since the CFA model for e-cigarette confusion is saturated, the model produced perfect fit
with item loadings ranging from .62 to .81. These three statements measuring individuals’
e-cigarette confusion were averaged to form an index for statistical analyses.

Intentions to Adhere to Healthy Lifestyle Recommendations—Participants were
asked to indicate their intention to adhere to three healthy lifestyle recommendations (i.e.,
consumption of fruits and vegetables, exercising, and limited alcohol intake) using a 5-point
Likert scale that ranged from 1 = very unlikelyto 5 = very likely (Nagler, 2014). Items
provided specific recommendations for each healthy lifestyle behavior, including “Science
shows that having five or more servings of fruits and vegetables most days is a healthy
choice. How likely is it that you will have five or more servings of fruits and vegetables most
days in the next year?” (M= 3.52, SD = 1.16); “Science shows that exercising at least three
times in most weeks is a healthy choice. How likely is it that you will exercise at least three
times in most weeks over the next year?” (M= 3.57, SD = 1.23); and “Science shows that
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limiting the alcohol you drink (up to 1 drink per day for women and up to 2 drinks per day
for men) is a healthy choice. How likely is it that you will limit the alcohol you drink in the
next year?” (M= 3.90, SD=1.19).3

Prior to hypotheses testing, all variables were carefully screened to ensure the assumptions
of normality, linearity, and homoscedasticity. Bivariate associations among all variables are
reported in Table 1. No correlation coefficient was higher than 40,4 which is well below
the recommended threshold of .70 (Tabachnick et al., 2001) and suggested multicollinearity
was of little concern. Since randomization guaranteed the statistical independence between
condition indicators and other independent variables, we proceeded with our primary
analyses.

One-way and two-way analyses of variance (ANOVA) were employed to test /4 and

RQ; respectively, with e-cigarette confusion as the outcome variable and planned contrasts
between the treatment group with CR exposure and each of the control conditions. The two
measures derived from IAT (i.e., information avoidance to maintain uncertainty, avoidance
of insufficient information to reduce uncertainty) were analyzed as moderators individually.
To test H,, hierarchical linear regressions were obtained, controlling for individuals’ age,
gender, and vaping status. A5 was tested by three mediation analyses for each control
condition. We then examined whether the indirect effects—CR exposure leads to e-cigarette
confusion, which further predicts intention to adhere to healthy lifestyle recommendations—
were conditioned on participants’ IAT. To achieve this goal, moderated mediation analyses
were performed. The mediation and the moderated mediation analyses were conducted
using Model 4 and Model 7, respectively, in PROCESS (Hayes, 2017). To examine

indirect effects, bootstrapping was implemented to obtain bias-corrected and accelerated
95% confidence intervals (Cls) for each indirect effect (Preacher & Hayes, 2008), with

the number of replications set to 10,000 to improve the precision of bias-corrected Cls
(MacKinnon et al., 2004). All analyses were performed in SPSS v.25.

Main and Moderating Effects

No main effect was observed for the experimental condition on confusion, ~(4, 712) =
2.038, p=.087, which failed to support H;. To test the moderating effects of IAT levels on
the association between CRs about e-cigarettes and confusion of CRs (addressing RQy), we
conducted a two-way ANOVA and found a significant interaction between the condition and
information avoidance to maintain uncertainty on e-cigarette confusion, A4, 707) = 2.564, p
=.037, n? = .014. Post-hoc analyses, both with and without Bonferroni correction, showed

3Based on the conceptualization of the carryover effects and previous literature (e.g., Nagler, 2014), the healthy lifestyle intention
should not be treated as a latent variable measured by three specific behaviors, because the intention for healthy lifestyle is not a global
measure, and the three specific behaviors examined in the current study are not inherent scale for healthy lifestyle. For instance, it is
not uncommon that one individual adheres to healthy dieting but does not conduct enough physical activity (or goes to gym frequently
but consumes a high volume of alcohol). Therefore, the three behaviors (i.e., fruit and vegetable intake, exercise, and limited alcohol
intake) should be analyzed individually to provide a clear picture of the moderated mediating mechanism.

Although the two information avoidance constructs (i.e., avoid to maintain uncertainty and avoid insufficient information) were
correlated at the magnitude of r = .58, they were analyzed in separate statistical models, and therefore did not cause multicollinearity.
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that participants presented with CRs had significantly more confusion than participants
presented with one-sided anti-e-cigarette (o= .017) or general control messages (p=.001)
only among those with low level of information avoidance to maintain uncertainty (see
Figure 2). We observed no significant interaction effect between condition and (high vs. low)
avoidance of insufficient information on confusion, A4, 707) = 1.486, p=.205.2

Three hierarchical linear regressions were obtained to examine whether e-cigarette
confusion reduces individuals’ intentions to adhere to healthy behaviors (H,). More
confusion was associated with lower intentions to follow all three healthy behavior
recommendations: to consume fruits and vegetable (&* = -.18, p< .001), exercise (&* =
-.18, p<.001), and limit alcohol intake (&* = —.23, p<.001) (see Table 2 for details). Thus,
H, was supported.

Indirect Effects and Moderated Mediation

H; predicted that the relationship between CR exposure about e-cigarettes and healthy
lifestyle intentions is mediated by individuals’ confusion. Mediation analysis indicated that
e-cigarette confusion did not significantly mediate the relationship between exposure to CRs
and individuals’ intention to consume fruits and vegetables, exercise, or limit alcohol intake,
when compared to each of the four control conditions, which were dummy coded (CRs
condition coded as 1 and the four control conditions as 0 for each dummy variable). Table

3 presents a summary of all A and RQs. Given the null indirect effects, which failed to
support Hs, we proceeded to examine whether the indirect effects were moderated by IATS.

To address RQ,, two dimensions of individuals’ IAT were median-split and dummy coded.
Given the non-significant interaction between condition and avoidance of insufficient
information to reduce uncertainty, only information avoidance to maintain uncertainty

was analyzed as a potential moderator. The indirect effects of experimental condition on
intention to adhere to health lifestyle recommendations mediated by e-cigarette confusion
were tested at two levels of participants’ information avoidance to maintain uncertainty
(below or above the median)6 in consistency with the two-way ANOVA. Condition was also
dummy coded, with the CRs condition coded as 1 and the four control conditions as 0 for
each dummy variable. The detailed moderated mediation results are presented in Table 4.

When comparing the CRs condition with the no-cessation message condition, there is a clear
pattern that the mediation path—exposure to CRs increasing confusion, and confusion in
turn reducing intention to adhere to three healthy behaviors—was significantly moderated
by participants’ level of IAT to maintain uncertainty. The overall significant index for
moderated mediation suggests that this mediational path was clearer and stronger in
magnitude among those with lower levels of IAT to maintain uncertainty. In fact, the 95%
Cls of this mediational path fell below zero only among those below the median point of the

5According to the a priori power analysis using G*power (Faul et al., 2009), when the power (1 — B) was set at .95 (a = .05), 470
subjects are needed in order to detect a small effect size (.20). Therefore, we believe our design is well-powered.

\When median splitting the sample based on participants’ score of IAT to maintain uncertainty, 44 participants with the median score
were categorized in the low information avoidance group. Acknowledging that assigning the participants in the median IAT level (7
= 44) to the low information avoidance group may introduce arbitrariness, we conducted further analyses of splitting the participants
into three groups (i.e., low [M - SD], median [M], high [M + SD]) based on their IAT and obtained similar results. The detailed results
of additional analyses are available upon request.
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moderator, but not among those above. Regarding the pairwise comparison between the CRs
condition and other control conditions, the overall index for moderated mediation pointed

to similar patterns in the comparison with the one-sided pro-e-cigarette condition. As for

the contrast with the one-sided anti-e-cigarette condition, although the overall indices did
not reach significance, sub-group analyses revealed that the 95% Cls of the mediation path
fell below zero only among those with low information avoidance to maintain uncertainty,
consistently across three health behaviors. No clear pattern of moderated mediation was
observed for the comparison with the no-message control.

Discussion

Given the nature of the scientific process, decision-making in an environment filled with
uncertainty is the norm rather than the exception, not only in health contexts but in all
societal contexts driven by the scientific enterprise. In this study, we contributed to and
extended theories of uncertainty processing (Ellsberg, 1961) and management (Brashers,
2001; Brashers & Babrow, 1996; Brashers et al., 2000) by investigating the influence of
exposure to CRs about e-cigarettes on confusion about using these products, the carryover
effects of e-cigarette CRs on other health behaviors, and the moderating role of I1AT.
Although the effects we identified were small in magnitude, the prevalence of CRs in
today’s information environment means that even modest effects may have meaningful and
socially significant implications (Glanz et al., 2008). Thus, our findings have both theoretical
and practical implications worth noting.

First, the non-significant overall effect of CR exposure on confusion () was at odds with
previous research that pointed to negative effects in the context of nutrition messages (Lee
et al., 2018; Nagler, 2014). However, when analyzing participants based upon their IATS,
we did find the aforementioned negative effect (RQ;), but only among individuals with a
lower IAT to maintain uncertainty. Thus, we have reason to speculate that the non-significant
effect of CRs among participants with high levels of IAT may offset the effect among

their counterparts, which contributed to the non-significant overall effect. It should be noted
that our second factor of IAT (i.e., avoiding insufficient information to reduce uncertainty),
which is often used to measure avoidance of misinformation from sources less credible than
the ones used in the current study, did not significantly moderate the effects of CR exposure
on confusion.

Beyond the total effects, we also found concerning carryover effects of confusion in
congruence with prior research (Nagler, 2014; Niederdeppe & Levy, 2007), which mediated
the relationships between CR exposure and lower intention to adhere to healthy behaviors
among participants with low IAT. When exposed to CRs, individuals may not only feel
confused, but hold fatalistic and overloaded beliefs discouraging their adherence to other
risk-reducing behaviors (Jensen et al., 2014; Niederdeppe & Levy, 2007). The indirect
effects were also conditional on individuals’ IAT to maintain uncertainty, with robust results
obtained when comparing the CRs experimental condition and the no-cessation message
condition. Because people with high IAT to maintain uncertainty perceive information as
scary, they are able to remain optimistic by resisting that undesirable information and less
likely to hold fatalistic beliefs about healthy behaviors. However, such conditional effects
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were not found between the CRs experimental condition and other control conditions. One
plausible explanation is that with the public communication environment rife with pro- and
anti-e-cigarette information, which would influence individuals’ cognitions and behavior
through information seeking behavior (Yang et al., 2019), the one-sided recommendation
stimuli may activate participants’ recall of e-cigarette exposure prior to the experiment.
Should the naturalistically acquired information be contradictory to the manipulated one-
sided recommendation, participants may also feel confused, which mitigates the comparative
effects between the CRs and one-sided control conditions.

These findings provide an important contribution to research on scientific uncertainty in the
context of emerging controversial public health issues. Prior research in this area focused
on correlational data (Dieckmann et al., 2015; Han et al., 2006; Jensen et al., 2014; Lee et
al., 2018; Nagler, 2014; Niederdeppe & Levy, 2007; Tan et al., 2015), and thus, the need to
establish causality through experiments was stressed (Carpenter et al., 2015; Nagler, 2014).
Our study fills this gap by establishing the causal influence of exposure to e-cigarette CRs
on smokers’ cognitions and behavioral intentions, and by examining the conditions under
which this effect is triggered, by incorporating individual’s IAT as a moderator for a closer
investigation of this mechanism.

Theoretical Implications

The detection of the conditional indirect effects is of theoretical importance from four
perspectives. First, our findings echo the arguments of UMT (Brashers, 2001; Brashers

& Babrow, 1996; Brashers et al., 2000) that, at times, uncertainty may not be perceived

as a risk but as an opportunity, showing divergence from the early uncertainty literature
(Berger & Calabrese, 1975; Gudykunst, 1995). Since UMT originated in cancer information
literature, the applicability of UMT in other behaviors that was supported by the current
findings further extended the theory by developing a deeper and nuanced understanding of
the concepts. Although (active) avoidance of information was previously considered to be

a passive uncertainty management strategy, labeled as a maladaptive fear control response
(Witte, 1992), participants actually benefited from their IAT to maintain uncertainty in this
study and were less likely to exhibit the adverse cognitive and behavioral outcomes resulting
from exposure to CRs, adding to the “perceived” opportunity of uncertainty theorized in
UMT.

Second, our results extend the decision theory of processing uncertainty (Ellsberg,

1961), which laid a theoretical foundation for the cognitive effects of CR exposure
including confusion, by demonstrating the moderating role of individual differences in
managing uncertainty. The moderating effects of IAT to maintain uncertainty highlight the
heterogeneity of the population in processing and coping with uncertainty and emphasize
the necessity of segmenting the population at deeper levels (e.g., cognition), above

and beyond demographic differences when studying uncertainty management. Third, our
results support trends shifting the social norm favoring information seeking as more
beneficial than information avoidance (Lapinski & Rimal, 2005) by demonstrating CRs
may not have negative consequences on the population homogeneously, and by recognizing
individual-level differences in managing uncertainty through information avoidance. Such
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a paradigm shift indicates the complex and multi-faceted nature of communication in the
face of scientific uncertainty. Finally, when processing health information and making
consequential health decisions, the uncertainty associated with complex scientific issues
could be deeply personal. Prior UMT studies have focused primarily on the relationship
between appraisal of uncertainty and communicative management strategies, with limited
delving into the cognitive process of the appraisal. The current study points to extending
UMT by considering the role of confusion and other relevant cognitive factors, such as need
for closure (Sweeny et al., 2010).

In addition, the other dimension of IAT—avoiding insufficient information to reduce
uncertainty, measuring individual’s negative appraisal of uncertainty and operationalized

as the avoidance of misinformation (Carcioppolo et al., 2016)—was not significant in
moderating the direct and indirect effects in this study. Although Barbour and colleagues
(2012) qualitatively conceptualized the different objectives of information seeking in

the uncertainty management framework and conjectured that “increasing or maintaining
uncertainty through avoiding information may be functional” (p. 225), the current study

is among the first to provide quantitative evidence to support the functional differentiation
between the two IAT dimensions; that the uncertainty management strategy may have an
effect on individuals’ health behaviors and outcomes (Barbour et al., 2012). The findings
also add evidence to the discriminant validity of these two constructs as discrete measures of
information avoidance, both in the scientific uncertainty context (Carcioppolo et al., 2016)
and beyond, including communicating about health, science, crisis, the environment, and
risk. Given that the IAT is not trait-based and contingent on the context and messages,

future research is encouraged to explore how both IAT factors moderate the effects of
receiving CRs in other contexts on individuals’ confusion and other cognitive and behavioral
reactions.

Although seeking and avoiding information were identified as the two primary behaviors
individuals perform when managing uncertainty, the IAT has received considerably

less scholarly attention or been presumed as less beneficial than the seeking behavior.
Furthermore, according to UMT (Brashers, 2001; Brashers et al., 2000), when uncertainty
is appraised as opportunity associated with optimism, individuals may employ both
information seeking and avoidance strategies to maintain uncertainty, a positive correlation
supported in previous research (Carcioppolo et al., 2016). Therefore, the current findings
not only highlight the importance and potential positive effects on protective behaviors

in response to scientific uncertainty, but also point to a future direction of uncertainty
management scholarship that information seeking behaviors are worth studying in tandem
with information avoidance.

Practical Implications

The practical implications of the findings are two-fold: one for the public and consumers
of information and one for educators and message designers. There have been heated
and lingering discussions surrounding the health effects of e-cigarettes, catalyzed in part
by the recent confirmed deaths and probable cases of fatal pulmonary illness linked to
vaping across the U.S. (Lovelace, 2019). The increased attention to the topic in the
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media could overwhelm those relying on e-cigarettes as quitting devices. Our findings
suggest that individuals who wish to avoid the adverse effects of CRs should try to avoid
excessive consumption of information before scientific consensus emerges. Simply put,
when knowledge is still preliminary and developing, for example during the early stages of
epidemics (e.g., COVID-19), attempting to solve the distress of uncertainty by consuming as
much information as possible from a wide variety of sources could be detrimental. Instead,
one should take cautionary steps and avoid reaching conclusions before empirical data
solidify.

As for public educators and message designers, the identification of moderation effects
demonstrates that some sub-populations (e.g., individuals with low levels of 1AT) are more
vulnerable to CR effects. Dismissing the adverse effects of CRs around scientific uncertainty
due to the lack of a main effect is thus not only misleading, but potentially dangerous.

Based on our findings, we recommend that future campaigns or interventions educate the
public by (a) clearing the misunderstanding that more information is always favorable, (b)
informing the potential benefits of information avoidance, and (c) giving suggestions of

not processing— or at least cautiously processing— CRs while the scientific evidence is
insufficient. Such campaigns or interventions should be explicitly designed to minimize
carryover effects and increase self-efficacy, particularly among vulnerable populations. It

is worth noting that this recommendation holds for our definition of CRs, where uncertain
evidence produces competing claims that cannot simultaneously be true. Other problems
rooted in conflict (e.g., where information about known harms and benefits produces conflict
over what decision to make) require their own strategy for handling information avoidance.

Limitations and Future Research

Several limitations should be noted. First, although we adopted an established confusion
measure (Nagler, 2014), the scale reliabilities in both the current and previous studies

were not high. Since Cronbach’s a is a function of the number of items, with more

items producing higher a with a certain average item intercorrelations (Cortina, 1993),

that the confusion scale was measured by three items may explain the low a. Relatedly,

the experimental conditions and confusion were e-cigarette-specific, whereas the IAT was
operationalized by a global measure. Therefore, we encourage future research to develop

a more reliable confusion measure, and replicate this study to examine whether the results
would differ if a behavior-specific operationalization of IAT is used. Second, it is also worth
noting that we only measured participants’ intention, rather than the actual implementation,
of conducting other health behaviors, which future studies are encouraged to investigate.
Third, our study used a single message (infographic designed to increase readability

of CRs) within each condition, but this approach is not immune from case-category
confounding (Jackson et al., 1989). For instance, participants’ (un)familiarity with harmful
chemicals or listed health organizations might influence their answers. Further inquiry
should consider multiple cases of CRs covering a wider range of arguments in regards to
using e-cigarettes for smoking cessation (e.g., secondhand and third-hand aerosol exposure,
long-term consequences, etc.) to contribute a greater understanding of this mechanism.
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Despite these limitations, this study experimentally tested how individual differences in I1ATS
moderate the effects of exposure to CRs on increased confusion and lowered intentions

to adhere to healthy behaviors in general. The specification of the moderated mediation
models shed theoretical and practical light on the potential adverse effects of CRs for

those with lower levels of information avoidance to maintain uncertainty, which should

be taken into account when designing future public messages. It points to the advantage

of accounting for individual differences in the acceptance of, and processing of, uncertain
scientific information when designing tailored interventions to ameliorate the adverse effects
caused by scientific uncertainty.
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Can e- :lgarettes help you quit smoking?
recommendations from national scientific health organizations

(1) Conflicting Recommendation Condition

(2) Pro-E-cigarette Condition

(3) Anti-E-cigarette Condition
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Here'swhat some national scientific health organizations say on either side:

Figure 1.
Stimuli for the Recommendation Conditions (Condition 1-3)
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Figure 2.

Interaction Effect between Experimental Condition and Information Avoidance to Maintain
Uncertainty on Confusion about Electronic Cigarettes (E-Cigs)

Note. CR = conflicting recommendations about e-cig use for smoking cessation, Pro =
recommendations favoring e-cig use for cessation, Con = recommendations discouraging
e-cig use for cessation, Gen Intro = general introduction of e-cigs without recommendations.
*p<.05; **p<.01.

Commun Monogr. Author manuscript; available in PMC 2021 September 02.



Page 22

Yang et al.

Author Manuscript

‘100" >
KKK
E2
*
"9J0N
¥9'0T vv'ST  6TT €T 178 62T A as
6087 <¢ves 06€ LS°€ 43 00'¢ €0's [4<h4 uesiy
- 60" ., IC L0° 00’ 50— 208 90— sAep Buiden ‘g
- WO KKK ON.I KRK mH.I mo K mH.I KRK wN.I wm< .N
T 00T V0T L0 »80 aeul [04ooe Hwi| 0} UonuBU| '9
- sV L 8T 10 Y0 851019Xa 0} UoNUBN| 'G
-- x0T 0 4 80° 181p Ayijeay urejulew 03 UonUAN| ‘¢
-- LO0T'= 80— uoisnyuod analeblo-3 g
-- yxye 89 uoI1eWwJoJUI JUBIDIYNSUI PIOAY “Z
-- Aurensoun ureurew 03 ojul pIoAY T
8 L 9 S 14 € 4 T

‘(LT = N) S3|qRLIEA SNONUNUOYD ||V 104 SI11SEIS aANdIISad pue Suole|allo) aeleAlg

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Commun Monogr. Author manuscript; available in PMC 2021 September 02.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Yang et al.

Table 2

Page 23

Hierarchical Linear Regression Models of the Relationship between E-Cigarette Confusion and Individuals’
Intentions to Adhere to Healthy Behaviors.

DV: healthy diet DV: exercise DV: limit alcohol
b * SE t b * SE t b * SE t

Model 1
Age _16¥™* 00 -391 _q4g** .00 -455 .03 .00 74
Female -.05 .09 -1.25 -.03 .09 -87 -.01 .09 -36
Vaping -.02 .09 -52 .04 .10 .86 -.02 10 -38
R?2 .03 .04 .00
Model 2
Age _15%** .00 -3.82 _1g** .00 -4.47 .04 .00 .95
Female -.04 .09 -1.07 -.03 .09 -70 -.01 09 -12
Vaping -.02 .09 -41 .04 .10 1.00 -.01 10 -24
Confusion  _ 1g*** .06 -496 _1g*** .06 -484 _o3*** .06 -6.15
R? .06 .07 .05
AR’Z .03*** ‘03*** ‘05***

Note.

*
p<.05

Ak

p<.01
A Ak
p<.001.
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Moderated Mediation Analyses Conditional on Information Avoidance Preference

Conditional Indirect Effects on Intention to Maintain Healthy Diet

Control Condition Index of Moderated Mediation AT b SE BCCls
One-sided Pro 134 (95% ClIs[.027, .266]) L -.067 .048 [-.158,-.001]
H .067 .050 [-.011,.153]
One-sided Con .049 (95% Cls [-.027, .144]) L -.074 .047 [-.159,-.012]
H -.025 .036 [-.086,.026]
Non-cessation message  .178 (95% ClIs[.059, .330]) L -.136 .065 [-.254,-.048]
H 042  .043 [-.028, .121]
No message .048 (95% Cls [-.054, .159]) L -069 .048 [-.155,-.002]
H -.021 .043 [-.094,.044]

Conditional Indirect Effectson Intention to Exercise

Control Condition Index of Moderated Mediation AT b SE BCCls
One-sided Pro 144 (95% Cls[.0086, .312]) L -072 .051 [-.182,.021]
H 072 056 [-.027,.194]
One-sided Con .049 (95% Cls [-.047, .164] L -073 .043 [-.173,-.004]
H -.024 036 [-.107,.041]
Non-cessation message  .148 (95% Cls[.027, .319] L -113 .056 [-.237,-.023]
H .035 .040 [-.034,.127]
No message .044 (95% Cls [-.060, .186]) L -.064 .047 [-.172,.010]
H -.020 .040 [-.103,.060]

Conditional Indirect Effectson Intention to Limit Alcohol

Control Condition Index of Moderated Mediation AT b SE BCCls
One-sided Pro 112 (95% Cls[.002, .268] L -.056 .042 [-.150,.014]
H .056 .047  [-.024,.163]
One-sided Con .058 (95% Cls [-.050, .198] L -08 .051 [-.200,-.006]
H -.029 .041 [-.120,.047]
Non-cessation message  .178 (95% Cls[.041, .365] L -136 .062 [-.273,-.035]
H 042 046 [-.039,.144]
No message .037 (95% Cls [-.056, .145]) L -053 .040 [-.145,.010]
H -.016 .036 [-.097,.049]

Note. ES= Indirect effect size. BC Cls= Bias-corrected bootstrapping confidence intervals. L= Low level of information avoidance to maintain

uncertainty. H= High level of information avoidance to maintain uncertainty.
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