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Abstract

At the time of writing, nearly one hundred published studies demonstrate that beliefs in

COVID-19 conspiracy theories and misinformation are negatively associated with COVID-

19 preventive behaviors. These correlational findings are often interpreted as evidence that

beliefs in conspiracy theories and misinformation are exogenous factors that shape human

behavior, such as forgoing vaccination. This interpretation has motivated researchers to

develop methods for “prebunking,” “debunking,” or otherwise limiting the spread of conspir-

acy theories and misinformation online. However, the robust literatures on conspiracy theory

beliefs, health behaviors, and media effects lead us to question whether beliefs in conspir-

acy theories and misinformation should be treated as exogenous to vaccine hesitancy and

refusal. Employing U.S. survey data (n = 2,065) from July 2021, we show that beliefs in

COVID-19 conspiracy theories and misinformation are not only related to COVID-19 vac-

cine hesitancy and refusal, but also strongly associated with the same psychological, social,

and political motivations theorized to drive COVID-19 vaccine hesitancy and refusal. These

findings suggest that beliefs in conspiracy theories and misinformation might not always be

an exogenous cause, but rather a manifestation of the same factors that lead to vaccine

hesitancy and refusal. We conclude by encouraging researchers to carefully consider

modeling choices and imploring practitioners to refocus on the worldviews, personality traits,

and political orientations that underlie both health-related behaviors and beliefs in conspir-

acy theories and misinformation.

Introduction

Since the beginning of the COVID-19 pandemic, conspiracy theories and misinformation

(CTM) have been a prime concern of researchers across disciplines [1–3], and for good reason:

a wealth of research consistently demonstrates a strong negative relationship between beliefs
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in pandemic-related CTM and disease-preventive behaviors, including vaccine refusal [for

review, see 4]. Thus, many scholars have come to believe that the spread of CTM represents a

“crisis situation” [5] or “infodemic” as dangerous as the pandemic itself [6]. One characteristic

of this research is the assumption of a specific causal link: that beliefs in CTM cause vaccine

hesitancy and refusal.

This assumption has become influential in discussions of COVID-19 CTM. It has moti-

vated the development of methods for pre-bunking [7] and debunking [8] beliefs in CTM,

and has led researchers to call for the “downgrading, blocking, and counteracting” of

online CTM [9]. Likewise, journalists often blame CTM for deleterious beliefs and behav-

iors [10] and U.S. lawmakers have proposed legislation to limit CTM online [11]. U.S. Pres-

ident Joe Biden, for example, claimed that online CTM was responsible for “killing people”

[12].

While beliefs in CTM are undisputedly correlated with vaccine hesitancy and refusal, we

question the frequent interpretation of such correlations as evidence of the causal, exogenous

impact of CTM. As Scheufele et al. [13] recently argued, for example, the prevailing assump-

tion that CTM “significantly distorts attitudes and behaviors of a citizenry that would other-

wise hold issue and policy stances that are consistent with the best available scientific

evidence” has “limited foundations in the social scientific literature.” Instead, we argue, and

demonstrate empirically, that it may also be the case that, for many Americans, CTM are

endogenous to vaccine hesitancy and refusal––i.e., they are less so unique causal explanations

for vaccine hesitancy than they are beliefs reinforced by vaccine hesitancy or caused by under-

lying factors shared with vaccine hesitancy. This is primarily because the psychological, social,

and political motivations––as well as situational environmental factors––that promote vac-

cine-related attitudes and behaviors have also been found to promote beliefs in CTM. For

example, a lack of trust in the scientific community may cause individuals to eschew the

COVID-19 vaccine and concurrently to adopt beliefs in CTM.

Our argument is built on the foundational literatures addressing media effects, beliefs in

CTM, and health-related beliefs and behaviors, which suggest that 1) beliefs in CTM are

likely to be endogenous to vaccine attitudes and behaviors, and that 2) exposure to CTM in

the information environment does not necessarily promote beliefs in CTM. To illustrate the

plausibility of our argument empirically, we employ nationally-representative U.S. survey

data from July 2021 (n = 2,065) measuring beliefs in COVID-19 CTM and vaccine hesitancy

and status. A factor analysis shows that beliefs in COVID-19 CTM and vaccine hesitancy

can be conceived of as sharing a single dimension of opinion and that these phenomena are

sufficiently correlated that distinguishing between them is difficult. Next, we explore the

role of COVID-19 CTM in the theoretical and empirical models typically used to explain

vaccine hesitancy and refusal. We demonstrate that the characteristics that predict belief in

COVID-19 CTM also predict vaccine status and hesitancy, thereby establishing the plausi-

bility of the argument that beliefs in CTM are, at least partially, endogenous to vaccine

hesitancy.

Our argument attempts to reconcile two growing bodies of literature: one expressing alarm

about the role of CTM in driving deleterious attitudes and behaviors [5,9,14,15] and another

expressing doubt about the influence of CTM, which suggests that its influence on attitudes

and behaviors is limited and conditional [13,16–19]. Simply put, we argue that the characteris-

tics that foster exposure and acceptance of CTM need to be properly accounted for. When fail-

ing to account for these factors, scholars may inappropriately make causal claims that

potentially misattribute the foundations of vaccine hesitancy and, consequently, misdirect

efforts at increasing vaccination rates.
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The connection between COVID-19 CTM and vaccine hesitancy and

refusal

Since the onset of the COVID-19 pandemic, scholars have focused on the circulation of CTM

about the virus’s origins, effects, and treatments, as well as the potential impact of CTM on

pandemic-related behaviors [20]. The vast majority of these studies––across different disci-

plines and focusing on various countries––demonstrate that beliefs in COVID-19 CTM have a

strong negative association with pro-social and disease-preventative health behaviors [see

review in 4].

The most protective COVID-19 public health measure individuals can partake in is vacci-

nation, yet vaccination rates in many parts of the world have stagnated. Numerous studies

demonstrate a negative association between beliefs in COVID-19 CTM and vaccine intentions

and status [e.g., 21–23], providing a potential clue about why.

Despite the correlational nature of these studies, negative relationships between beliefs in

COVID-19 CTM and COVID-19 vaccine attitudes and behaviors are typically interpreted

through a particular causal lens: that vaccine hesitancy is, at least partially, caused by (online)

exposure to and belief in CTM [15,24,25]. For example, based on cross-sectional, correlational

evidence, Allington et al. [15] argue (emphasis added) that “conspiracy beliefs act to inhibit

health-protective behaviours and that social media act as a vector for such beliefs.” Dow et al.

argue that “social media radicalizes beliefs, increasing contagion (rapid spread) and stickiness

(resistance to change) of conspiracy theories. As conspiracy theories are reinforced in online

communities, social norms develop, translating conspiracy beliefs into real-world action.” Dow

et al. further argue that “COVID-19 conspiracy beliefs translate directly to various health-pro-
tective behaviors,” and that “conspiracy beliefs reduce healthy behaviors” [14]. Goreis and Koth-

gassner contend that the “endorsement of such theories reduces compliance with mandated
measures” [24]. The scholarly literature also implies such a relationship when certain causal

processes are assumed. For example, Romer and Jamieson conclude that “it will be critical to

confront both conspiracy theories and vaccination misinformation to prevent further spread

of the virus in the US” [20].

The conceptual model in Panel A of Fig 1 details the relationship between beliefs in

COVID-19 CTM and vaccine hesitancy and refusal assumed by many scholars, journalists,

and policymakers [e.g., 26]: exposure to COVID-19 CTM vis-à-vis media use––especially

Fig 1. Two conceptual models of relationship between beliefs in COVID-19 conspiracy theories and

misinformation and vaccine hesitancy and refusal.

https://doi.org/10.1371/journal.pone.0276082.g001
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social media use––leads to beliefs in COVID-19 CTM, which subsequently result in vaccine

hesitancy, and finally vaccine refusal. Under this and similar models, the obvious prescription

for boosting vaccination rates involves limiting CTM in the information environment [9], or

perhaps inoculating people against such ideas in advance of exposure [7]. Thus, researchers

have recommended “aggressive” actions [9] because “unregulated social media may present a

health risk” [15]. However, two robust bodies of literature provide reasons for skepticism of

the presumed causal pathway depicted in Panel A of Fig 1.

First, a wealth of research on the causal antecedents of beliefs in CTM conceives of such

beliefs as the product of deep-seated psychological, social, and political motivations [27], with

exposure sometimes playing a more limited and conditional role [28]. Thus, beliefs in CTM

could be treated as the downstream products of more foundational characteristics, rather than

as explanatory factors in and of themselves. This theoretical perspective follows widely-

accepted and well-evidenced models of both health and political belief formation: people’s

worldviews, ideologies, values, group attachments, personalities, and even occasionally biologi-

cal and genetic factors––the relatively stable features of our identities and belief systems––are

the primary ingredients of beliefs regarding politics, health and medicine, and various forms

of CTM [29–31]. In other words, beliefs in COVID-19 CTM and pandemic-related behaviors

share many underlying (presumably causal) ingredients [32].

For example, conspiracy mentality [33,34], scientific literacy and trust in science [35,36],

political ideology and partisan attachments [20,37], social media use [9], personality traits

[38,39], and emotional conditions, such as stress and anxiety [40,41], have been found to pre-

dict both beliefs in COVID-19 CTM and pandemic-related behavioral intentions. Moreover,

whereas Panel A of Fig 1 suggests a recent cause for beliefs in COVID-19 CTM and vaccine

refusal (i.e., exposure to COVID-19 CTM), vaccine CTM and vaccine hesitancy, more gener-

ally, are hardly new problems. Previous vaccines have faced longstanding opposition [42], and

the factors associated with opposition to vaccines, in general, are also associated with opposi-

tion to COVID-19 vaccines, specifically [43–45]. Thus, refusing to vaccinate for COVID-19

may be related to motivational factors that preexist not only exposure to COVID-19 CTM but

also the COVID-19 pandemic itself.

These points come into focus when considering the implied influence of information expo-

sure detailed in Panel A of Fig 1. The causal influence of exposure to COVID-19 CTM by tra-

ditional and social media, or from elsewhere, suggests a “hypodermic needle” effect [46],

whereby (incidental) exposure directly promotes belief. However, a century-long literature

demonstrates that media effects are more limited, conditional on individual and environmen-

tal factors, and, most importantly, partially endogenous to beliefs themselves [47–53].

Second, selective exposure and avoidance––the tendency for individuals to seek out informa-

tion that comports with previously held beliefs or ignore that which is incongruent with said

beliefs [54,55]––are better-evidenced models of media effects than the hypodermic model. Selec-

tive exposure also guides the search for/avoidance of and acceptance/rejection of CTM, specifi-

cally: those drawn to conspiracy theories tend to seek them out, and individuals not attracted to

conspiratorial explanations avoid them [56]. The same can be said of vaccine skeptical content:

very few people not exhibiting vaccine hesitant attitudes choose to consume vaccine skeptical

content [57]. Even for individuals who are incidentally exposed to CTM, previously held dispo-

sitions and beliefs will temper persuasion effects through processes such as motivated reasoning

[58]. Thus, we possess additional reasons to expect that exposure to CTM––regardless of

medium––might serve more as an expression of, reinforcement for, or rationalization for previ-

ously held beliefs, values, and predispositions, rather than an impetus for individual change.

Considering these bodies of past work, we propose an alternative theoretical model of vac-

cine hesitancy and refusal in Panel B of Fig 1 in which pre-existing social, political, and
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psychological motivations are key to understanding vaccine hesitancy and refusal. This model,

while containing many of the same elements as Panel A, better incorporates past theories and

empirical findings regarding the causes of beliefs about CTM and vaccines [59]. In this model,

both beliefs in COVID-19 CTM and vaccine hesitancy are promoted by social, political, and

psychological motivations; those motivations in Panel B largely replace the assumed founda-

tional role of exposure to COVID-19 CTM vis-à-vis exposure in Panel A. For example, those

who distrust doctors and scientists are more likely to concurrently hold vaccine hesitant atti-

tudes and believe in COVID-19 CTM. This not only better incorporates the literature on the

foundations of beliefs in CTM and vaccine hesitant attitudes, but more accurately accounts for

well-evidenced theories of media effects.

The model in Panel B also allows for a reinforcing relationship between beliefs in COVID-

19 CTM and vaccine hesitancy. Because of the tendency for individuals to reinforce their

beliefs and identities, vaccine hesitancy might encourage or further strengthen beliefs in CTM,

just as beliefs in CTM may encourage or further strengthen vaccine hesitancy. This reciprocal

relationship allows for the possibility of beliefs in COVID-19 CTM to be adopted after an indi-

vidual is vaccine hesitant, a scenario in which CTM serve as a rationalization for, rather than a

motivating force behind, attitudes and behaviors. This process comports with scholarship

showing that people will often adopt beliefs in CTM to justify pre-existing views in the face of

disconfirming evidence or use CTM to rationalize personal or political losses [60]. Further,

Panel B is consistent with individuals who base their vaccine hesitancy on a stylized interpreta-

tion of authoritative facts (e.g., the COVID-19 vaccine is ‘not yet fully approved’) [61] and

with pro-vaccine individuals who share beliefs in various CTM [62]. Exposure to, and beliefs

in, COVID-19 CTM in Panel B are, therefore, neither necessary nor sufficient for the adoption

of vaccine hesitant attitudes or vaccine refusal.

Before exploring the plausibility that a different process (Panel B) underlies vaccine hesi-

tancy/refusal than is commonly assumed (Panel A), we wish to make several points clear. Most

importantly, we are not arguing that the typical model (Panel A) is flatly incorrect and that the

proposed alternative (Panel B) is correct. Indeed, it strikes us as highly likely that beliefs in

CTM are neither strictly exogenous nor completely endogenous to vaccine hesitancy––the

world is complicated and filled with reciprocal effects promoted by changes in situational fac-

tors and other contextual considerations. Rather, we argue only that the alternative model

(Panel B) is plausible, given the observational nature of the vast majority of analyses (including
our own) and past findings regarding media effects and the predictors of beliefs in CTM and vac-
cine hesitancy pre-pandemic. Our intention is to contribute a different perspective to the con-

versation on the relationship between CTM and vaccine hesitancy and refusal, not to dismiss

past work that reliably finds correlational associations between these constructs.

Expectations

If the alternative model we propose is plausible, we expect to observe several patterns in our

analyses. First, an analysis of the dimensionality of beliefs in CTM and vaccine hesitancy (e.g.,

using factor analysis) will reveal a unidimensional structure. This would suggest that beliefs in

CTM and vaccine hesitancy are more similar than different, perhaps because of the social,

political, and psychological antecedents that they share (though this is not the only possibility,

which we discuss below). Second, an analysis of the predictors of beliefs in CTM, on the one

hand, and vaccine hesitancy and refusal, on the other, should reveal that both sets of depen-

dent variables share many of the same correlates. This, too, would provide evidence for the

plausibility that beliefs in CTM are not strictly exogenous to vaccine hesitancy and refusal, as

has often been taken for granted in the literature.
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Materials and methods

Our central argument is that beliefs in COVID-19 CTM should not, based on current evidence,

be thought of as strictly exogenous to vaccine hesitancy and behavior. It is just as plausible that

beliefs in CTM are endogenous to vaccine hesitancy. Therefore, our empirical examination is

designed to demonstrate the plausibility of Panel B of Fig 1. We utilize a unique national survey

containing questions about COVID-related CTM, as well as questions designed to measure a

wealth of psychological, social, and political traits and orientations previously found to pro-

mote beliefs in CTM [27]. These include science literacy, trust in scientists and health profes-

sionals, Machiavellianism, narcissism, psychopathy, perceived victimhood, stress, conflictual

behavior, conspiracy thinking, partisanship, ideology, support for Donald Trump, and social

media usage, in addition to age, educational attainment, religiosity, perceived socioeconomic

status, race and ethnicity, and gender. While this dataset was initially collected in the context

of a project on deciphering the various correlates of vaccine hesitancy, it is also capable of aid-

ing in the exploration of the plausibility of the alternative model we pose because it contains

many of the focal predictors of both beliefs in CTM and vaccine hesitancy. Details regarding

question wording, summary statistics, and scale reliability appear in the Supplementary Infor-

mation (SI); all variables are captured using previously developed and validated measures.

We partnered with Qualtrics to interview 2,065 U.S. adults between July 17–August 5, 2021.

The sample was designed to match the 2019 U.S. Census American Community Survey rec-

ords on sex, age, race, and education; details about the sociodemographic composition of the

sample appear in the SI. This research was approved by the University of Miami Human Sub-

ject Research Office on July 14, 2021 (Protocol #20210618). In order to ensure quality, respon-

dents were required to pass four attention checks; these included a mixture of standalone

questions and questions embedded in grids, per best practices [63]. Participants who failed to

pass all four attention checks were excluded from the data set. Qualtrics also took steps to elim-

inate “speeders”––respondents who quickly completed the survey without reading the ques-

tions. A soft-launch of the survey (n = 127) yielded a median time to complete of 11.6 minutes.

Participants completing the questionnaire in less than half the median time were excluded

from the final n = 2,056 dataset delivered to us by Qualtrics.

The specific beliefs that comprise our CTM measure appear in Table 1, along with the per-

centage of respondents who either “agree” or “strongly agree” with each. We observe signifi-

cant variability in the popularity of these ideas. Both sets of questions were averaged into

additive scales of beliefs in conspiracy theories (α = 0.90, Range = 1–5, M = 2.20, SD = 1.04)

and beliefs in misinformation (α = 0.93, Range = 1–5, M = 2.16, SD = 1.06).

We utilize two dependent variables. The first is self-reported vaccination status. We asked

respondents: “Have you personally received at least one dose of a COVID-19 vaccine?” Sixty-

eight percent reported having received the vaccine, 32 percent reported not having received it.

We also asked those who reported not having received the vaccine: “Which of the following

best describes how you feel about the COVID-19 vaccine?” Response options included: “I plan

to get the vaccine as soon as possible” (12%), “I am open to it, but will keep waiting and see

what happens” (25%), “I will only get the vaccine if required by my job or places I need to go”

(12%), and “I definitely will not get the vaccine” (51%). For this dependent variable, we coded

as 1 those who received the vaccine and those who reported a plan to get the vaccine as soon as

possible (72%); those who had not received the vaccine and were either unwilling or had no

immediate intention of being vaccinated (28%) are coded 0. We also estimated the models

below using only the initial question about vaccination status where only those who have not

been vaccinated and are completely unwilling to be vaccinated are coded as 0; results, which

are available in the SI, are substantively identical to those provided below.
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Our second dependent variable is an additive scale of attitudes about vaccines [64], coded

such that greater values reflect stronger vaccine hesitancy (α = 0.91, Range = 1–5, M = 2.34,

SD = 0.83). For example, respondents were asked to what extent they agreed with the follow-

ing: “Getting vaccines is a good way to protect me from disease” and “I do not need vaccines

for diseases that are not common anymore.” The correlation between this measure of vaccine

hesitancy and vaccination status is -0.62 (p<0.001).

A note on causality

The data we employ is cross-sectional and, therefore, unsuited for demonstrating causality.

We reiterate that our objective is to illustrate the plausibility of our argument that beliefs in

CTM are (at least partially) endogenous to vaccine hesitancy and refusal, rather than strictly

exogenous. While, at first glance, mere plausibility may seem underwhelming, this is precisely

the same standard that most published studies on CTM and vaccine hesitancy are capable of

meeting, even though a particular causal interpretation is frequently––and, perhaps, inappro-

priately––employed or assumed. In other words, our study is not unique in utilizing cross-sec-

tional data––it is unique only by way of our explicit attention to the fact that our data are

incapable of establishing unidirectional causal relationships.

This is not to say that other, “better” designs are impossible (e.g., experiments, panel data).

We merely highlight that most studies, like our own, are only capable of revealing the plausibil-

ity of an argument. Our intent is to demonstrate the plausibility of an argument that has been,

to the detriment of the relevant literatures and practical efforts to combat vaccine hesitancy,

largely overlooked.

Results

Assessing the dimensionality of beliefs

We begin our analysis by examining the results of an exploratory factor analysis of the items

composing the conspiracy theory, misinformation, and vaccine hesitancy scales described

above. If beliefs in CTM and vaccine hesitancy are the related to shared social, psychological,

and political antecedents, it stands to reason that they may occupy a shared dimension of

Table 1. Proportion of Americans who believe in COVID-19 conspiracy theories and misinformation.

Conspiracy/Misinformation Belief Question (Label) % Agree

COVID-19 Vaccine Misinformation Beliefs

1. The COVID-19 vaccine can give you COVID-19. (Item 1) 18

2. The COVID-19 vaccine is a scam by the pharmaceutical companies to make money. (Item 2) 15

3. The COVID-19 vaccine will alter your DNA. (Item 3) 12

4. The COVID-19 vaccine causes infertility. (Item 4) 11

5. People receiving the COVID-19 vaccine will "shed" dangerous chemicals from that vaccine. (Item 5) 11

COVID-19 Conspiracy Beliefs

1. The number of deaths related to the coronavirus has been exaggerated. (Item 1) 29

2. Coronavirus was purposely created and released as part of a conspiracy. (Item 2) 25

3. The coronavirus is being used to force a dangerous and unnecessary vaccine on Americans. (Item 3) 20

4. The coronavirus is being used to install tracking devices inside our bodies. (Item 4) 12

5. Bill Gates is behind the coronavirus pandemic. (Item 5) 11

6. 5G cell phone technology is responsible for the spread of the coronavirus. (Item 6) 9

Note: Percentages calculating using “agree” and “strongly agree” responses.

https://doi.org/10.1371/journal.pone.0276082.t001
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opinion, rather than three distinct dimensions each representing conspiracy theories, misinfor-

mation, and vaccine hesitancy. Before estimating the factor model, we conducted Horn’s paral-

lel analysis for guidance on the appropriate number of factors to retain; this analysis suggested

that two factors are appropriate. We also examined a scree plot (see SI), which prompted the

same conclusion (the “elbow” appearing at the third factor suggests a two-factor solution).

We estimated the two-factor solution using iterated principal axis factoring; (unrotated)

factor loadings and other details appear in Table 2. We bolded the greatest loading in absolute

value associated with each item; note that the exact wording for each item appears in 1. In each

case, the greatest loading is associated with the first factor, usually by a considerable discrep-

ancy. The eigenvalue associated with the first factor is also approximately six times greater

than that associated with the second factor. These results suggest that vaccine hesitancy can be

conceived as occupying the same dimension of opinion as beliefs in COVID-19 CTM.

Of course, this result does not indicate that COVID-19 CTM beliefs and vaccine hesitancy

are synonymous, nor does it mean that we should ignore beliefs in COVID-19 CTM when

investigating vaccine hesitancy. It does, however, suggest that these beliefs, as measured, are so

highly correlated that they are difficult to disentangle. Unidimensional structure is frequently

a primary criterion to meet in the process of successfully creating and validating a

Table 2. Exploratory factor analysis results.

Item Factor 1 Factor 2 Uniqueness

Vaccine Hesitancy

Item 1 -0.737 0.441 0.263

Item 2 -0.731 0.359 0.337

Item 3 -0.759 0.398 0.266

Item 4 -0.680 0.421 0.361

Item 5 -0.565 -0.101 0.671

Item 6 -0.682 0.366 0.401

Item 7 -0.741 0.413 0.281

Item 8 -0.612 0.426 0.445

Item 9 -0.537 -0.076 0.706

Item 10 -0.620 -0.032 0.614

Conspiracy Beliefs

Item 1 0.664 0.139 0.540

Item 2 0.695 0.198 0.478

Item 3 0.824 0.194 0.284

Item 4 0.765 0.302 0.323

Item 5 0.720 0.279 0.404

Item 6 0.613 0.339 0.510

Misinformation Beliefs

Item 1 0.766 0.189 0.378

Item 2 0.822 0.189 0.289

Item 3 0.795 0.227 0.317

Item 4 0.783 0.221 0.339

Item 5 0.774 0.248 0.340

Eigenvalue 10.682 1.775

% Variance Explained 85.75 14.25

Note: EFA estimated using iterated principal axis factoring. Factors are unrotated.

https://doi.org/10.1371/journal.pone.0276082.t002
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psychometric scale––applying the same standard here, we could justifiably create an “anti-vax”

scale composed of beliefs regarding COVID-19 CTM and vaccines that captures a single (cate-

gory of) attitude. In a sense, then, modeling COVID-19 vaccine hesitancy based on beliefs in

COVID-19 CTM may not be particularly illuminating, as such an activity amounts to an

empirical tautology.

That said, we would be remiss if we failed to note that the factor analysis result could also be

reflective of the model in Panel A of Fig 1. It could be the case that beliefs in COVID-19 CTM

and vaccine hesitancy are so highly correlated by summer of 2021 when our data was collected

because social media exposure to CTM lead to beliefs in CTM, which subsequently resulted in

vaccine hesitancy and refusal. This said, we have some (empirical) reason to doubt this. The

correlation between beliefs in COVID conspiracy theories and vaccine refusal is -0.38

(p<0.001). Moreover, the correlation between social media use and vaccine refusal is non-sig-

nificant at 0.017 (p = 0.439). It seems to us that both the direct and indirect (through beliefs in

CTM) role of media exposure are far from determinative of vaccination status, where they are

correlated at all. Still, causality is difficult to assess under the best of conditions and observa-

tional data have clear limitations. This is precisely one of our central arguments: our data, as

with other studies, are only capable of establishing plausibility. Unfortunately, plausibility is

oftentimes not enough to adjudicate between competing theories, as in this case.

In order to further explore the plausibility of the alternative model we pose, we next turn

toward comparing regression models of beliefs in CTM, vaccine hesitancy, and vaccine refusal

in order to decipher which predictors are shared and which differ across constructs.

Model comparison

Next, we examine different strategies for modeling vaccine hesitancy and behaviors. We first

demonstrate how beliefs in CTM are typically modeled in the social scientific literatures that

empirically examine COVID-19 behavioral intentions. The first two columns of Table 3 con-

tain the (abbreviated) results of two such models. We include all psychological, social, and

political factors described above. This group of explanatory factors is more comprehensive

than any studies of which we are aware.

We observe significant positive relationships between our two dependent variables and

conspiracy thinking, ideology, Trump approval, psychopathy, perceived victimhood, and con-

flictual behavior. We observe significant negative relationships with science literacy, trust in

scientists, and stress. Interestingly, we do not observe a relationship between beliefs in CTM

and time spent on social media, contrary to the predictions of the model in Panel A of Fig 1.

Hardly an empirical irregularity, this finding comports with recent work arguing that beliefs

in COVID-19 CTM are more than the product of exposure alone [57]. That said, we observe

significant bivariate correlations (p<0.001 in every case) between each variable included in

Table 3 and beliefs in CTM; see the SI.

Altogether, a litany of traits, orientations, and motivations are presumably exogenous to,

and theoretically formative of, beliefs in COVID-19 CTM. Indeed, most of these relationships

were discovered prior to the COVID-19 pandemic and will presumably prove relevant after

the COVID-19 pandemic has passed. This leads us back to our argument about modeling vac-

cination hesitancy and refusal: the foundational factors behind beliefs in CTM should be the

focus of researchers seeking to understand vaccine hesitancy and refusal, not beliefs in specific

CTM that are tethered to a particular event and are, themselves, the theoretical product of

many of the same foundational factors.

Columns 3 and 5 of Table 3 present typical models of vaccine hesitancy and refusal that

seek to understand the role of beliefs in COVID-19 CTM. Beliefs in CTM are treated as
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presumably exogenous independent variables, along with controls for sociodemographic fac-

tors (included in the models but omitted from Table 3). In both cases, as with previous work,

we observe statistically significant estimates for beliefs in CTM.

While these models show evidence for hypothesized relationships, we have provided theo-

retical and empirical arguments about why they may not be particularly illuminative of causal

Table 3. Models of beliefs in COVID-19 CTM, vaccine hesitancy, and non-vaccination status, presented as regression coefficients with significance levels.

(1) (2) (3) (4) (5) (6)

Beliefs in COVID-19

Misinformation

COVID-19 Conspiracy

Theory Beliefs

Vaccinated or Planning

to Vaccinate

Vaccinated or Planning

to Vaccinate

Vaccine

Hesitancy

Vaccine

Hesitancy

COVID

Misinformation

-1.169��� 0.349���

(0.097) (0.019)

COVID Conspiracy

Beliefs

-0.195� 0.272���

(0.092) (0.019)

Social Media Use 0.017 0.021 0.144� -0.010

(0.017) (0.016) (0.067) (0.013)

Conspiracy Thinking 0.219��� 0.295��� -0.368��� 0.154���

(0.019) (0.017) (0.076) (0.015)

Science Literacy -0.047��� -0.042��� -0.024 -0.021��

(0.010) (0.009) (0.038) (0.008)

Trust in Scientists -0.232��� -0.191��� 0.639��� -0.314���

(0.015) (0.014) (0.058) (0.012)

Partisanship 0.014 0.010 -0.069 0.021��

(0.010) (0.009) (0.040) (0.008)

Ideology 0.006 0.026� -0.096� -0.001

(0.012) (0.011) (0.045) (0.009)

Trump Approval 0.004��� 0.005��� -0.007�� 0.003���

(0.001) (0.001) (0.002) (0.000)

Machiavellianism 0.039 0.033 0.124 0.017

(0.022) (0.020) (0.085) (0.017)

Narcissism 0.016 0.036 0.231�� -0.012

(0.021) (0.019) (0.081) (0.016)

Psychopathy 0.171��� 0.151��� 0.092 0.032

(0.024) (0.022) (0.090) (0.018)

Conflict 0.051��� 0.050��� 0.005 0.010

(0.011) (0.010) (0.040) (0.009)

Perceived

Victimhood

0.083��� 0.084��� -0.007 0.027

(0.021) (0.020) (0.083) (0.017)

Stress -0.037 -0.065�� -0.012 0.015

(0.025) (0.023) (0.094) (0.019)

Constant 2.260��� 1.472��� 1.973��� -3.591��� 1.387��� 3.639���

(0.186) (0.172) (0.352) (0.722) (0.072) (0.144)

(Pseudo) R2 0.551 0.605 0.304 0.301 0.561 0.559

n 2016 2016 2046 2016 2046 2016

Note: Sociodemographic controls omitted from table; see SI for estimates. Logit coefficients in columns 3–4; OLS coefficients in 1–2 and 5–6. Standard errors in

parentheses.

� p < 0.05,

�� p < 0.01,

��� p< 0.001.

https://doi.org/10.1371/journal.pone.0276082.t003
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relationships for researchers seeking to understand the psychological antecedents of vaccine

hesitancy or working to develop strategies to encourage vaccination. We present alternative

models––derived from the literature outlined above and more congruent with the model in

Panel B of Fig 1—of vaccine-relevant attitudes and behaviors in columns 4 and 6. Here we

have replaced beliefs in COVID-19 CTM with the predictors of those beliefs. In doing so, we

observe statistically significant relationships with conspiracy thinking, science literacy, trust in

scientists, ideology, and Trump approval—many of the same characteristics that foster beliefs

in CTM.

More specifically, we find that conspiracy thinking, trust in scientists, and Trump approval

are significant across all four models. Science literacy is a significant predictor of beliefs in

CTM and vaccination status, but not vaccine hesitancy. We also find that ideology is a signifi-

cant predictor of COVID-19 conspiracy beliefs and vaccine hesitancy, but not beliefs in misin-

formation or vaccination status. We also reiterate that social media use is unrelated to beliefs

in COVID-19 CTM and vaccine hesitancy, though positively and statistically significantly

related to vaccination status (i.e., the more social media use, the more likely one is to be vacci-

nated, all else equal). These results are contradictory of the model in Panel A of Fig 1 and other

such models of vaccine hesitancy and refusal that situate social media use/exposure as a pri-

mary causal mechanism.

Even though beliefs in CTM and vaccine hesitancy/refusal do not share all predictors, they

share many. Moreover, each substantive (i.e., non-sociodemographic) predictor in Table 3 is

statistically significantly correlated with vaccine hesitancy, as well as beliefs in CTM; hence,

fluctuations in statistical significance could be due to variability in the precision of measure-

ment, multicollinearity, model specification, or true differences. We have no way of knowing,

though we emphasize that this is precisely the problem with observational research that we

wish to highlight: it is not capable of assessing causality, and in some case (like ours) it is not

even capable of adjudicating between two plausible models. If this is the case, how can we

declare a winner?

Exploratory analysis of open-ended responses

Finally, a perusal of open-ended responses to the question, “Are there any other reasons why

you have not received the COVID-19 vaccine?” offered to the unvaccinated in our survey fur-

ther illustrates our argument. Some respondents—even those who point to specific CTM—

mention longstanding views about the government, (“I am a person who is awake to the gov-

ernment’s agenda to depopulate the world by poisoning people with vaccines through the

years. There has never been a reason to have a vaccine”), religion (“I Trust God not science

and believe this is part of the Mark of the Beast”), and medicine (“Don’t believe in vaccines in

general,” “I am against all vaccines they are toxic poisonous used to control population use

aborted fetal cells and no vaccines protect you,” “I don’t even receive the flu shot”) that likely

predate COVID-19. Such reasoning suggests that recent exposure to COVID-19 CTM is not

the only cause of vaccine refusal. Furthermore, some respondents point to factual information

as the reason for not getting vaccinated (“I see vaccinated people getting covid anyway”).

Thus, beliefs in COVID-19 CTM are neither necessary for, nor strictly exogenous to, vaccine

refusal.

Discussion

The academic response to COVID-19 is unsurpassed in the speed in which it produced impor-

tant findings under trying conditions. Our intention is not to diminish the great interdisciplin-

ary strides made in explaining why individuals took part in, or eschewed, COVID-19
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preventive behaviors. However, the speed of scientific discovery meant that researchers were

working concurrently, rather than sequentially––this may have inadvertently slowed self-cri-

tique and challenges to the core assumptions of this rapidly expanding literature. Our investi-

gation confronts the possibility that this literature, by not introspectively considering its

modeling decisions, is (at least partially) misattributing blame for vaccine hesitancy and refusal

and for other undesirable pandemic-related behaviors, as well.

Understanding the precise nature of the relationship between COVID-19 CTM and vaccine

hesitancy and refusal is important not only for the sake of appropriate statistical modeling.

Indeed, it speaks directly to the measures that are needed to address vaccine hesitancy. If

COVID-19 CTM are merely a symptom of another problem, perhaps one that similarly

impacts vaccine attitudes, then efforts to censor or correct CTM beliefs will do little to impact

vaccination rates. This would also be the case if beliefs in CTM were adopted to justify preex-

isting preferences and behavioral intentions [65]. It may be the case, consistent with demand-

driven models of media content [e.g., 66], that content producers—even those producing

CTM-related content—tailor their content (i.e., supply) to match the audience’s pre-existing

views (i.e., demand). Further, studies suggest that efforts aimed at removing CTM through

government censorship, for example, may actually arouse suspicions, thereby encouraging con-

spiracy theory beliefs [67]. Regardless of the impact, schemes at removing or labeling content

may inadvertently inhibit the free exchange of ideas that are central to democratic societies

and remove from public debate ideas that are potentially true or valuable.

There was no shortage of easily accessible, high-quality information about the COVID-19

virus and vaccines during the pandemic, yet vaccine hesitancy persists. This is likely because

anti-vaccine attitudes are deeply rooted, having posed a persistent threat to public health long

before social media and COVID-19. We, therefore, encourage researchers to treat vaccine hesi-

tant attitudes like other beliefs they study. Beliefs––in CTM or the dangers of vaccines––are a

product of people’s motivations: the foundational ingredients of public opinion that guide

which information one accepts and integrates into their belief system, and which they reject,

ignore, or explain away. This fundamental argument is consistent across the literatures

explaining political opinions [29], health-related beliefs [30], and beliefs in CTM [27]. In other

words, simply giving people the “right” set of facts does not guarantee that they will adopt

desirable beliefs or engage in advisable behaviors [68]. If we are interested in understanding

the exogenous factors that promote vaccine hesitancy, we must recognize the role of people’s

motivations and probe deeper than specific beliefs about a given vaccine or virus.

Many of the concerns expressed about CTM at the beginning of the pandemic are begin-

ning to be investigated further and placed into appropriate context. As compared to some of

the claims proffered by concerned researchers in early 2020, more recent work has found that

online CTM is less prevalent [19,69], people engage with less online CTM [70], people share

less CTM [17], CTM appears less influential [28], and echo chambers are less prominent

[71,72]. Moreover, researchers are finding that online CTM and other forms of toxic rhetoric

are confined to small numbers of people who exhibit unrepresentative personality traits

[73,74]. While CTM, both online and offline, have been and continue to be an important social

and political problem in need of attention [75–78], emerging studies suggest that it has limited

scope, reach, and influence [79] and that the initial claims about an “infodemic” in 2020 may

have been overstated [16,80], albeit well-intentioned.

There are, of course, limitations to our analyses. Given their cross-sectional nature, our

findings only demonstrate the plausibility of our argument; this is the case for most research

on COVID-19 vaccine hesitancy, a challenge that continues to obscure inferences related to

the pandemic. More data, utilizing different research designs (e.g., experiments, panel data),

would be invaluable for more robustly testing the plausibility of various hypotheses about
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causal pathways. Nevertheless, this study’s empirical evidence demonstrating the plausibility
that COVID-19 CTM are not exogenous to vaccine hesitancy and refusal should prompt

researchers to reevaluate their modeling assumptions, explore additional predictors of vaccine

hesitancy, and consult the literatures on media effects, selective exposure, conspiracy theory

beliefs, and vaccine attitudes for guidance on the COVID-19 case.

Conclusion

The argument that “correlation is not causation” is neither unique nor profound, yet it is often

ignored, even by the most well-intended scholars. Our findings comport with a small but

growing chorus of scholars pointing out that the co-occurrence of “persistent vaccine hesi-

tancy” and “widespread misinformation” does not indicate causation [13]. As dangerous as

vaccine hesitancy is, and as bizarre as vaccine refusal may seem to members of the scientific

community, socio-behavioral theories guiding human beliefs and behavior still apply. Even

though beliefs in COVID-19 CTM––by virtue of their relationship with many normatively

undesirable outcomes––make an attractive culprit for resistance to disease-preventive behav-

iors, they may not be primary, causal antecedents of those outcomes. Given increasing concern

over the potential social and medical harms of CTM, we encourage alternative perspectives to

studying their causes and consequences.

Supporting information

S1 File. Supporting information. This file contains supplementary information.

(PDF)

Author Contributions

Conceptualization: Adam M. Enders, Joseph Uscinski, Justin Stoler.

Data curation: Casey Klofstad.

Formal analysis: Adam M. Enders.

Funding acquisition: Joseph Uscinski, Casey Klofstad, Justin Stoler.

Investigation: Adam M. Enders, Joseph Uscinski, Casey Klofstad, Justin Stoler.

Methodology: Adam M. Enders, Casey Klofstad.

Project administration: Adam M. Enders, Joseph Uscinski.

Software: Adam M. Enders.

Writing – original draft: Adam M. Enders, Joseph Uscinski.

Writing – review & editing: Adam M. Enders, Joseph Uscinski, Casey Klofstad, Justin Stoler.

References
1. Douglas K. COVID-19 conspiracy theories. Group Processes & Intergroup Relations. 2021; 24(2):270–

5. https://doi.org/10.1177/1368430220982068

2. Uscinski J, Enders AM, Stefan W, Klofstad C, Seelig M, Funchion J, et al. Why do people believe

COVID-19 conspiracy theories? The Harvard Kennedy School (HKS) Misinformation Review. 2020;

1:1–12. https://doi.org/10.37016/mr-2020-015

3. Cassese EC, Farhart CE, Miller JM. Gender Differences in COVID-19 Conspiracy Theory Beliefs. Poli-

tics & Gender. 2020; 16(4):1009–18. https://doi.org/10.1017/S1743923X20000409

PLOS ONE Conspiracy theory beliefs, misinformation, and vaccine hesitancy

PLOS ONE | https://doi.org/10.1371/journal.pone.0276082 October 26, 2022 13 / 17

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0276082.s001
https://doi.org/10.1177/1368430220982068
https://doi.org/10.37016/mr-2020-015
https://doi.org/10.1017/S1743923X20000409
https://doi.org/10.1371/journal.pone.0276082


4. Bierwiaczonek K, Kunst JR, Gundersen AB. The Role of Conspiracy Beliefs for COVID-19 Prevention:

A Meta-analysis. Current Opinion in Psychology. 2022. Epub September 9, 2021. https://doi.org/10.

31234/osf.io/rfyah

5. Bak-Coleman JB, Alfano M, Barfuss W, Bergstrom CT, Centeno MA, Couzin ID, et al. Stewardship of

global collective behavior. Proceedings of the National Academy of Sciences. 2021; 118(27):

e2025764118. https://doi.org/10.1073/pnas.2025764118 PMID: 34155097

6. Zarocostas J. How to fight an infodemic. The Lancet. 2020; 395(10225):676. https://doi.org/10.1016/

S0140-6736(20)30461-X PMID: 32113495

7. Basol M, Roozenbeek J, Berriche M, Uenal F, McClanahan WP, Linden Svd. Towards psychological

herd immunity: Cross-cultural evidence for two prebunking interventions against COVID-19 misinforma-

tion. Big Data & Society. 2021; 8(1):20539517211013868. https://doi.org/10.1177/

20539517211013868

8. Vraga EK, Bode L. Addressing COVID-19 Misinformation on Social Media Preemptively and Respon-

sively. Emerging infectious diseases. 2021; 27(2):396–403. Epub 2021/01/04. https://doi.org/10.3201/

eid2702.203139 PMID: 33395379.

9. Romer D, Jamieson KH. Patterns of Media Use, Strength of Belief in COVID-19 Conspiracy Theories,

and the Prevention of COVID-19 From March to July 2020 in the United States: Survey Study. J Med

Internet Res. 2021; 23(4):e25215. Epub 27.4.2021. https://doi.org/10.2196/25215 PMID: 33857008.

10. Collins B. How QAnon rode the pandemic to new heights—and fueled the viral anti-mask phenomenon.

NBC News [Internet]. 2020 8/15/2020. https://www.nbcnews.com/tech/tech-news/how-qanon-rode-

pandemic-new-heights-fueled-viral-anti-mask-n1236695.

11. Greenhut S. Government Regulation of Social Media Won’t Protect Free Speech. Reason [Internet].

2021 11/12/2021. https://reason.com/2021/11/12/government-regulation-of-social-media-wont-protect-

free-speech/.

12. Rose N, Culliford E. Biden says Facebook, others ’killing people’ by carrying COVID misinformation.

Reuters [Internet]. 2021 11/13/2021. https://www.reuters.com/business/healthcare-pharmaceuticals/

white-house-says-facebooks-steps-stop-vaccine-misinformation-are-inadequate-2021-07-16/.

13. Scheufele DA, Krause NM, Freiling I. Misinformed About The “Infodemic?” Science’s Ongoing Struggle

With Misinformation. Journal of Applied Research in Memory and Cognition. 2021; 10(4):522–6. https://

doi.org/10.1016/j.jarmac.2021.10.009

14. Dow BJ, Johnson AL, Wang CS, Whitson J, Menon T. The COVID-19 pandemic and the search for

structure: Social media and conspiracy theories. Social and Personality Psychology Compass. 2021.

https://doi.org/10.1111/spc3.12636 PMID: 34512798

15. Allington D, Duffy B, Wessely S, Dhavan N, Rubin J. Health-protective behaviour, social media usage

and conspiracy belief during the COVID-19 public health emergency. Psychological Medicine. 2021; 51

(10):1763–9. Epub 2020/06/09. https://doi.org/10.1017/S003329172000224X PMID: 32513320

16. Simon FM, Camargo CQ. Autopsy of a metaphor: The origins, use and blind spots of the ‘infodemic’.

New Media & Society. 2021. https://doi.org/10.1177/14614448211031908

17. Altay S, Hacquin A-S, Mercier H. Why do so few people share fake news? It hurts their reputation. New

Media & Society. 2021; 0(0):1461444820969893. https://doi.org/10.1177/1461444820969893

18. Guess A, Lockett D, Lyons B, Montgomery JM, Nyhan B, Reifler J. “Fake news” may have limited

effects beyond increasing beliefs in false claims. Harvard Kennedy School Misinformation Review.

2020. https://doi.org/10.37016/mr-2020-004

19. Acerbi A, Altay S, Mercier H. Fighting misinformation or fighting for information? Harvard Kennedy

School (HKS) Misinformation Review. 2022. https://doi.org/10.37016/mr-2020-87

20. Romer D, Jamieson KH. Conspiracy theories as barriers to controlling the spread of COVID-19 in the

US. Social Science & Medicine. 2020; 263(113356):1–8. https://doi.org/10.1016/j.socscimed.2020.

113356 PMID: 32967786

21. Yang Z, Luo X, Jia H. Is It All a Conspiracy? Conspiracy Theories and People’s Attitude to COVID-19

Vaccination. Vaccines. 2021; 9(10):1051. https://doi.org/10.3390/vaccines9101051 PMID: 34696159

22. van Prooijen J-W, Etienne TW, Kutiyski Y, Krouwel AP. Just a Flu? Self-perceived infection mediates

the link between conspiracy beliefs and Covid-19 health beliefs and behaviors. Journal of Health Psy-

chology. 2021; 0(0):13591053211051816. https://doi.org/10.1177/13591053211051816 PMID:

34670439.

23. Piltch-Loeb R, Savoia E, Goldberg B, Hughes B, Verhey T, Kayyem J, et al. Examining the effect of

information channel on COVID-19 vaccine acceptance. PLOS ONE. 2021; 16(5):e0251095. https://doi.

org/10.1371/journal.pone.0251095 PMID: 33979370

24. Goreis A, Kothgassner OD. Social media as vehicle for conspiracy beliefs on COVID-19. Digital Psy-

chology. 2020; 1(2):36–9.

PLOS ONE Conspiracy theory beliefs, misinformation, and vaccine hesitancy

PLOS ONE | https://doi.org/10.1371/journal.pone.0276082 October 26, 2022 14 / 17

https://doi.org/10.31234/osf.io/rfyah
https://doi.org/10.31234/osf.io/rfyah
https://doi.org/10.1073/pnas.2025764118
http://www.ncbi.nlm.nih.gov/pubmed/34155097
https://doi.org/10.1016/S0140-6736%2820%2930461-X
https://doi.org/10.1016/S0140-6736%2820%2930461-X
http://www.ncbi.nlm.nih.gov/pubmed/32113495
https://doi.org/10.1177/20539517211013868
https://doi.org/10.1177/20539517211013868
https://doi.org/10.3201/eid2702.203139
https://doi.org/10.3201/eid2702.203139
http://www.ncbi.nlm.nih.gov/pubmed/33395379
https://doi.org/10.2196/25215
http://www.ncbi.nlm.nih.gov/pubmed/33857008
https://www.nbcnews.com/tech/tech-news/how-qanon-rode-pandemic-new-heights-fueled-viral-anti-mask-n1236695
https://www.nbcnews.com/tech/tech-news/how-qanon-rode-pandemic-new-heights-fueled-viral-anti-mask-n1236695
https://reason.com/2021/11/12/government-regulation-of-social-media-wont-protect-free-speech/
https://reason.com/2021/11/12/government-regulation-of-social-media-wont-protect-free-speech/
https://www.reuters.com/business/healthcare-pharmaceuticals/white-house-says-facebooks-steps-stop-vaccine-misinformation-are-inadequate-2021-07-16/
https://www.reuters.com/business/healthcare-pharmaceuticals/white-house-says-facebooks-steps-stop-vaccine-misinformation-are-inadequate-2021-07-16/
https://doi.org/10.1016/j.jarmac.2021.10.009
https://doi.org/10.1016/j.jarmac.2021.10.009
https://doi.org/10.1111/spc3.12636
http://www.ncbi.nlm.nih.gov/pubmed/34512798
https://doi.org/10.1017/S003329172000224X
http://www.ncbi.nlm.nih.gov/pubmed/32513320
https://doi.org/10.1177/14614448211031908
https://doi.org/10.1177/1461444820969893
https://doi.org/10.37016/mr-2020-004
https://doi.org/10.37016/mr-2020-87
https://doi.org/10.1016/j.socscimed.2020.113356
https://doi.org/10.1016/j.socscimed.2020.113356
http://www.ncbi.nlm.nih.gov/pubmed/32967786
https://doi.org/10.3390/vaccines9101051
http://www.ncbi.nlm.nih.gov/pubmed/34696159
https://doi.org/10.1177/13591053211051816
http://www.ncbi.nlm.nih.gov/pubmed/34670439
https://doi.org/10.1371/journal.pone.0251095
https://doi.org/10.1371/journal.pone.0251095
http://www.ncbi.nlm.nih.gov/pubmed/33979370
https://doi.org/10.1371/journal.pone.0276082


25. Arshad MS, Hussain I, Mahmood T, Hayat K, Majeed A, Imran I, et al. A National Survey to Assess the

COVID-19 Vaccine-Related Conspiracy Beliefs, Acceptability, Preference, and Willingness to Pay

among the General Population of Pakistan. Vaccines. 2021; 9(7):720. https://doi.org/10.3390/

vaccines9070720 PMID: 34358136
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