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Abstract

Background: Although previous studies have identified worry about COVID-19 as an important determinant of
COVID-19 vaccine-related intentions and behaviors, the exact mechanism by which worry influences these intentions
and behaviors is still being investigated.

Design and method: An online survey was conducted among 310 U.S. university students from mid-June to mid-July
2021, measuring worry about COVID-19, COVID-I9 risk perception (perceived probability and perceived severity),
vaccine perception (perceived vaccine safety and perceived vaccine effectiveness), and vaccine acceptance, along with
demographics. Three models were tested using structural equation modeling (SEM): (1) worry, risk-perception, and
vaccine-perception variables influence vaccine acceptance simultaneously; (2) worry partially mediates the relationships
between risk/vaccine-perception variables and vaccine acceptance; (3) risk- and vaccine-perception variables partially
mediate the relationship between worry and vaccine acceptance. All models are the originally specified models.
Results: Results of SEM analyses suggest that Model (3) fit the data best (CFI=1.000, TLI=1.000, and RMSEA =0.000).
SEM analysis for Model (3) found that perceived probability of contracting COVID-19 is negatively, worry about COVID-19
is positively, and perceived vaccine safety (the strongest predictor) is positively associated with vaccine acceptance.
Perceived severity of contracting COVID-19 and perceived vaccine effectiveness are non-significant predictors. Worry
indirectly affects vaccine acceptance through perceived probability (negative) and perceived vaccine safety (positive).
Conclusions: COVID-19 vaccine campaigns targeting college students should emphasize vaccine safety, use reasonable
worry as an emotional cue, and avoid overemphasizing the likelihood of contracting COVID-19.
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lower vaccine acceptance cautions against overemphasiz-
ing infection likelihood. Specifically, placing excessive
focus on the probability of infection may unintentionally
lead to a reduction in college students’ desire to get
vaccinated. Finally, instilling a reasonable level of worry

Significance for public health

First, addressing concerns about vaccine safety is crucial.
Clear and transparent campaigns about vaccine safety can
significantly motivate college students to accept COVID-
19 vaccines. This aligns with Scott et al.’s (2021) review,

which emphasized addressing vaccine mistrust to foster
acceptance.' Second, highlighting the severity of COVID-
19 or the effectiveness of the vaccine may not significan-
tly influence vaccine acceptance among college students.
Third, the counterintuitive finding that a higher perceived
probability of contracting COVID-19 is associated with
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about COVID-19 is beneficial. When maintained at a rea-
sonable level, worry about COVID-19 not only directly
motivates college students to embrace vaccination, but
also positively shapes their perceptions of vaccine safety,
ultimately leading to increased vaccine acceptance.

Introduction

The COVID-19 pandemic was declared a national emer-
gency in the U.S. on March 13, 2020?; by May of 2022, the
U.S. death toll had surpassed 1 million.* Although COVID-
19 vaccines have been available since the summer of 2021,
and they are the best defense against COVID-19 according
to several health organizations, their widespread accep-
tance remains a critical concern. As of the final CDC
update on May 11, 2023, 81.4% of the U.S. population has
received at least one dose of the COVID-19 vaccine.’
However, this means that roughly 20% of the population
had yet to receive even a single shot. Identifying factors
that influence Americans in accepting or declining
COVID-19 vaccines is essential for preparing against
future outbreaks of similar pandemics.

Worry about COVID-19 has been identified as an impor-
tant determinant of COVID-19 vaccine-related intentions
and behaviors. Studies conducted in the U.S. have found that
lower levels of worry about becoming infected with COVID-
19 predict vaccine delay,’ while higher levels of worry are
associated with full vaccination status.” Among the American
Indian/Alaska Native/Native American populations, worry
about getting COVID-19 has also been identified as a signifi-
cant predictor of willingness to receive a COVID-19 vac-
cine.® Similar findings have also been reported in non-U.S.
samples, such as in the Netherlands,’ Italy,'* and Canada,'-'?
where worry about COVID-19 has been positively associ-
ated with vaccination intention or uptake, and lower levels of
worry have predicted vaccine hesitancy.

Although the above studies have consistently revealed
an association between worry about COVID-19 and vacci-
nation intentions or behaviors, most have not examined the
potential theoretical mechanisms underlying this relation-
ship. Among the above studies, it appears that only Hilverda
and Vollmann (2021) have explored such a mechanism,
suggesting that worry about COVID-19 mediates the rela-
tionship between perceived severity of the disease (a com-
ponent of cognitive risk perception) and vaccination
intention.” However, they did not examine whether cogni-
tive risk perception may instead mediate the relationship
between worry and vaccination intention. Thus, the present
study seeks to address this gap by exploring several theo-
retical mechanisms through which worry about COVID-19
may influence COVID-19 vaccination intentions.

Theoretical frameworks

Individuals’ decisions to accept the COVID-19 vaccine are
likely to be influenced not only by cognitive evaluations,

such as perceived susceptibility and severity, but also by
affective responses (i.e. feelings).'? Accordingly, theoreti-
cal models that incorporate both cognitive and affective
mechanisms provide a more comprehensive framework
for understanding vaccination behavior.

The Health Belief Model (HBM) proposes that health
behaviors are influenced by perceived susceptibility,
perceived severity, perceived benefits and barriers, and
self-efficacy (Rosenstock et al., 1988).'* While affective
components such as fear or worry are not formally defined
as constructs in HBM, they are considered to function as
“cues to action”—external or internal stimuli that may
trigger health-related behavior.'> HBM does not assume a
direct or central role for feelings in behavior prediction;
instead, emotional responses are thought to exert their
influence indirectly, through cognitive appraisals.

Protection Motivation Theory (PMT) and the Extended
Parallel Process Model (EPPM) explicitly incorporate
affective responses—specifically fear—as an important
construct within their models.!®!” These models propose
that fear is elicited by fear appeals and influences behavior
through cognitive pathways. In both models, cognitive
appraisals (e.g. perceived probability, perceived severity)
mediate the effects of fear on protective motivations/inten-
tions/behaviors.'®!” Thus, while fear is recognized as an
important construct in PMT and EPPM, its role remains
subordinate to cognitive evaluation.

An important distinction between PMT/EPPM and
HBM is that the former explicitly model fear as an emo-
tional construct, while HBM treats feelings more implic-
itly. Moreover, PMT/ EPPM are narrowly focused on fear,
whereas HBM allows for the consideration of a broader
range of emotional cues, though not formally defined
within the model.

The Risk-as-Feelings hypothesis differs fundamentally
from the above theories by proposing that (1) feelings
have a direct effect on judgments and decisions which
“need not be cognitively mediated,” (as opposed to the
above theories, which all assume that feelings are medi-
ated by cognitions); (2) feelings mediate, at least partially,
the relationship between cognitive evaluations of risk and
behavioral decisions/behaviors (again, the opposite rela-
tionship posited by the above theories; p. 272).!3

Taken together, these distinctions raise important ques-
tions: In the context of COVID-19 vaccination, do feel-
ings and cognitive beliefs each have a direct influence on
behavior/intention? Is behavior/intention primarily driven
by cognitive beliefs that mediate emotional responses, or
by emotional responses that mediate cognitive beliefs?
The current study seeks to empirically test these compet-
ing assumptions.

Worry about COVID-19

The present study focuses on worry, rather than other
emotional responses, for several reasons. First, empirical
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evidence indicates that worry was one of the most preva-
lent emotional responses during the COVID-19 pandemic,
surpassing other negative emotions including sadness,
anger, and depression.'® This suggests that worry may
well reflect the public’s dominant affective experience
during prolonged health crises like COVID-19.

Second, while fear is a central construct in both
Protection Motivation Theory (PMT) and the Extended
Parallel Process Model (EPPM), it is “a present-oriented
and short-lived response to an identifiable and specific
threat” (p. 190).!° In contrast, worry is future-oriented and
tends to persist over time.?%?! It typically arises in response
to uncertain and potentially threatening outcomes that may
or may not occur, making it particularly relevant during
the COVID-19 pandemic—a prolonged and evolving cri-
sis marked by ambiguity and unpredictability.”? Given
these characteristics of the pandemic, worry—rather than
fear—was more likely to emerge as the dominant and
enduring emotional response.

Third, worry has consistently been identified as a key
emotional factor predicting preventive health behaviors,
including vaccination.?>?* In the context of COVID-19,
many studies have found that worry about COVID-19 is
positively associated with vaccine intentions and uptake.®’
These findings highlight worry as a robust predictor across
different health contexts, making it a theoretically and
practically relevant emotional response to examine for
vaccination.

By focusing on worry, the present study aims to capture
an emotional construct that was not only prevalent and
enduring during the COVID-19 pandemic, but also theo-
retically appropriate for explaining protective behaviors
(e.g. vaccination) that emerge in response to long-term
uncertain health threats.

COVID-19 risk perception and vaccine
perception

In efforts to predict COVID-19 vaccination intentions and
behaviors, a substantial body of research has focused on
cognitive factors such as risk perception—defined as indi-
viduals’ beliefs about the probability and severity of con-
tracting COVID-19°%*—and vaccine perception, which
includes beliefs about vaccine safety and effectiveness.!!
These cognitive factors are often examined alongside
emotional responses, such as worry about COVID-19.

Risk Perception of COVID-19. Several studies have exam-
ined how individuals’ COVID-19 risk perception influ-
ences their willingness or intention to receive a vaccine.
Chen et al. (2023) found that perceived severity of COVID-
19 was a significant predictor of vaccination willingness,
whereas perceived susceptibility (i.e. the perceived likeli-
hood/probability of getting infected by COVID-19) was
not.® Similarly, Russo et al. (2023) reported that perceived

severity of COVID-19, but not perceived susceptibility,
predicted COVID-19 vaccine intentions.!® These findings
suggest that individuals may be more motivated to vacci-
nate when they believe the consequences of infection are
serious, regardless of how likely they feel they are to con-
tract the virus. In contrast, Hilverda and Vollmann (2021)
found no significant direct effect of either perceived sus-
ceptibility or perceived severity of COVID-19 on vaccina-
tion intentions.’ These findings highlight inconsistencies
in the literature and suggest that additional research needs
to be conducted.

Vaccine perception: Safety and effectiveness. A second major
focus in the literature has been individuals’ beliefs about
the safety and effectiveness of COVID-19 vaccines. Cole-
man et al. (2024) observed that concerns about both safety
and effectiveness were associated with increased vaccine
hesitancy.!! Latkin et al. (2021) similarly found that con-
cerns about vaccine side effects, coupled with low confi-
dence in the vaccine’s efficacy, significantly predicted
delays in receiving COVID-19 vaccines.® Karlsson et al.
(2021) further demonstrated that perceived vaccine safety
was the strongest predictor of COVID-19 vaccination
intentions, with COVID-19 risk perception playing a
minor role.?® Notably, they also found that worry about
falling ill with COVID-19 did not significantly predict
vaccination intentions, highlighting the primacy of vac-
cine-specific beliefs over negative emotional responses in
shaping those intentions.

Although findings vary across studies, a consistent pat-
tern emerges: cognitive beliefs—including perceived sus-
ceptibility to COVID-19, perceived severity of COVID-19,
and perceived vaccine safety and effectiveness—as well as
COVID-19-related worry, appear to play important roles
in shaping COVID-19 vaccination intentions and behav-
iors. However, these predictors have often been studied in
isolation or in limited combinations, without an integrated
framework that jointly examines their influence.

The present study seeks to address this gap by simulta-
neously examining multiple cognitive and affective pre-
dictors of COVID-19 vaccination acceptance—namely,
perceived probability, perceived severity, vaccine safety
and effectiveness perceptions, and worry about COVID-
19. In doing so, it aims to provide a more comprehensive
understanding of how these factors collectively shape vac-
cine decision-making.

College students

The present study focused on the college student popula-
tion for three reasons. First, college students are consid-
ered at higher risk for COVID-19 transmission due to
their frequent social interactions in shared living spaces,
classrooms, and campus events, which facilitate the
spread of the virus.?”?® Second, although college students
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Figure |. Hypothesized model ().

are generally younger and, therefore, more likely to expe-
rience mild symptoms or even remain asymptomatic
after infection, they can unknowingly transmit the virus
to others, including individuals at greater risk for serious
illness or death—such as older adults or those with under-
lying health conditions.?? Third, research has indicated
relatively high levels of vaccine hesitancy**3! and low
motivation to get vaccinated among college students.>
For instance, in a study conducted at a Midwestern uni-
versity in November 2021, Wotring et al. (2022) found
that 50% of student participants were unvaccinated;
among them, 49% reported no intention to get vacci-
nated, and 22% were undecided.?'

Given the role of the college student population in
transmission dynamics and the evidence of their vaccine
hesitancy, it is important to understand and address col-
lege students’ intentions or acceptance toward COVID-19
vaccination. Promoting vaccine uptake across all popula-
tion sectors—including college students—is essential for
preventing future pandemics. Therefore, the present study
specifically examines the college student population.

Research questions

To explain the relationships among worry about COVID-
19, COVID-19 risk perceptions (including perceived prob-
ability and perceived severity), vaccine perceptions
(including perceived safety and perceived effectiveness),
and vaccine acceptance among college students, the pres-
ent study proposes three competing path models, drawing
upon the theoretical frameworks reviewed above: (1)

worry, the two risk-perception variables, and the two vac-
cine-perception variables influence vaccine acceptance
simultaneously (see Figure 1); (2) worry partially mediates
the relationships between the risk-perception variables/
vaccine-perception variables and vaccine acceptance (see
Figure 2); (3) the risk-perception and vaccine-perception
variables partially mediate the relationship between worry
and vaccine acceptance (see Figure 3). After the best-fit-
ting model is identified, the current study also aims to
investigate the direct or indirect effects of worry, COVID-
19 risk perception, and vaccine perceptions on COVID-19
vaccine acceptance.
The following research questions are posed:

RQ1: Which of the three proposed models best fit the
data?

RQ2: Based on the best-fitting model, what are the
direct and indirect effects of worry about COVID-19,
risk perception of COVID-19, and vaccine perception
on vaccine acceptance?

Figures 1-3 show the proposed models predicting vac-
cine acceptance.

Method

COVID-19 situation and policies during data
collection

After the study was approved by the Institutional Review
Board (IRB), the lead author conducted an online survey
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Figure 2. Hypothesized model (2).
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Figure 3. Hypothesized model (3).

from mid-June to mid-July 2021 at a public university
in the state of Texas, U.S. As of mid-July 2021, Texas’
positivity rate was over 10%, indicating there was high
transmission of the virus in the area.’® At that time,

approximately 41.5% of Texas residents were fully vac-
cinated, which was below the national full vaccination
rate of 47%.%* Regarding COVID-19 restrictions, the
statewide mask mandate in Texas had been lifted and all
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businesses were permitted to operate at full capacity as of
March 10, 2021.3° Furthermore, as of May 21, 2021, gov-
ernment entities in Texas were prohibited from imposing
mask mandates.?® Thus, during the data collection period,
Texas had no enforceable statewide mask or vaccination
requirements.

Participant recruitment

The lead author contacted instructors at that university
who were teaching summer classes, requesting their help
with gathering data. A number of these instructors con-
sented to share the survey link with their students and gave
extra credit to students who participated in the survey. The
survey included measures for all variables in the proposed
models, as well as demographic variables. Participants
were instructed to review an online consent form and con-
firm their willingness to participate by selecting “I consent
to participate” before starting the survey. Each participant
earned extra credit based on their instructor’s criteria.

Two screening questions unrelated to the study were
embedded in the survey to assess response validity: (1)
“Where is the capital of the USA located today?” and
(2) “What language is mostly spoken in Mexico?” Each
question included multiple-choice answers, with one
clearly correct option. Participants who answered either
question incorrectly were excluded from the analysis.
In total, 12 participants were excluded based on these
criteria. In total, 310 students provided valid responses,
and they constituted the final sample used in the
analyses.

Power analysis

A power analysis was conducted using the sesmPower package
in R, which supports power analysis for structural equation
models.*® Following recommendations outlined by Regorz
(2024),%” including specifying a=0.05 and power=0.80, the
analysis returned a required sample size of 206 participants.
As the actual sample size in the present study was 310, the
study has sufficient power to detect model effects.

Measures

The survey assessed worry about COVID-19, COVID-19
risk perception (perceived probability of contracting
COVID-19 and perceived severity of contracting COVID-
19), vaccine perception (perceived vaccine safety & per-
ceived vaccine effectiveness), and COVID-19 vaccine
acceptance, along with demographic variables. The present
study used a measure of “intention to get vaccinated against
COVID-19” as a proxy for measuring COVID-19 vaccine
acceptance. The assessment items for all key variables were
derived from peer-reviewed literature and subsequently
adjusted to align with the context of COVID-19.26:3840
Table 1 displays measurement items, ranges, means,

standard deviations (SDs) and, where applicable, reliabili-
ties of the key variables.

Analyses

The current study utilized AMOS 21.0 to perform struc-
tural equation modeling (SEM) analyses to test the three
hypothesized models. After identifying the best-fitting
model, bootstrapping procedures (2,000 resamples) were
conducted to test the significance of each mediating path.
Bias-corrected 95% confidence intervals were computed
for each mediating path, and conclusions regarding statis-
tical significance were drawn based on these intervals.

Multiple fit indices were utilized to assess how well the
proposed models matched the data. In structural equation
models with either continuous or categorical outcomes, a
CFI or TLI score above 0.90 reflects a good alignment
between the model and the data.*! An RMSEA value below
0.05 indicates an excellent model fit, whereas values rang-
ing from 0.05 to 0.08 suggest an acceptable level of fit.*!

The chi-square (%) statistic was also applied to compare
models, as it remains the best test available for identifying
issues within a model.*>* A statistically-significant % value
indicates that the model’s fitting function could not identify
parameter estimates that adequately represent the data.** When
the p-value of the model’s X test is below 0.05, it implies that
the model deviates from the observed data.** Therefore, such a
model is unlikely to be the best-fitting model.

Results

Sample characteristics

Table 2 presents sample characteristics (age, gender, and
ethnicity).

Model Testing

Three competing models were tested by SEM: (1) worry,
the two risk-perception variables, and the two vaccine-
perception variables influence vaccine acceptance simul-
taneously; (2) worry partially mediates the relationships
between the risk-perception variables/vaccine-perception
variables and vaccine acceptance; (3) the risk perception
and vaccine perception variables partially mediate the
relationship between worry and vaccine acceptance.
SEM analyses were conducted using maximum likeli-
hood (ML) estimation. The AMOS output indicates that,
for each variable in the hypothesized model, the absolute
skewness values are less than 2 and the absolute kurtosis
values are less than 7. According to Hair Jr. et al. (2010),%
data are considered to exhibit univariate normality when
skewness is between —2 and +2, and kurtosis is between
—7 and +7. Therefore, the univariate normality assump-
tion for all variables is satisfied. Results indicated that
all analyzed models were identified. The reporting of
this study conforms to the APA JARS-Quant guidelines
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Table |I. Measuring items, ranges, means, standard deviations (SDs), and reliabilities (when applicable) of key variables.
Variables Measuring Items Range Mean SD Reliability (o)
Worry about () During the past month, how often have you felt worried -7 2.35 1.47 0.90
COVID-19 about contracting COVID-19 sometime in the future?

Response scales ranged from | =Never to 7 =Always.

(2) During the past month, how worried have you been about

contracting COVID-19 sometime in the future? Response

scales ranged from | =Absolutely not worried to 7=Extremely

worried.®
Perceived (1) I am at risk of contracting COVID-19; (2) It is likely that | 1-7 3.05 1.51 0.85
probability of  will contract COVID-19; (3) | am susceptible to COVID-19.
contracting Response scales ranged from | =Strongly disagree to
COVID-19 7=Strongly agree.*°
Perceived “If | caught COVID-19 sometime in the future, my illness -7 3.03 1.56 0.92
severity of would be. . .. .. ” followed by three items: (1) serious; (2)
contracting severe; (3) terrible. Response scales ranged from | =Strongly
COVID-19 disagree to 7 =Strongly agree.*
Perceived (1) I believe Pfizer’s COVID-19 vaccine is safe; (2) | believe -7 4.27 1.72 0.90
vaccine Moderna’s COVID-19 vaccine is safe; (3) | believe Johnson &
safety Johnson’s COVID-19 vaccine is safe. Response scales ranged

from | =Strongly disagree to 7=Strongly agree.?
Perceived (1) I believe Pfizer’s COVID-19 vaccine is effective; (2) | -7 451 1.65 091
vaccine believe Moderna’s COVID-19 vaccine is effective; (3) | believe
effectiveness  Johnson & Johnson’s COVID-19 vaccine is effective. Response

scales ranged from | =Strongly disagree to 7=Strongly agree.?¢
COVID-19 “If you have NOT received at least | shot of a COVID-19 -7 4.70 2.54 Not
vaccine vaccine, please rate your level of agreement toward the applicable
acceptance following statement: | intend to get myself vaccinated against

COVID-19.” Response scales ranged from | =Strongly disagree
to 7=Strongly agree, and 9999 = Not applicable (I have
received at least | shot).

Response scales were each recoded to create a new measure
of COVID-19 vaccine acceptance: each numerical category
from | to 7 was recoded to the same numerical category (e.g.
“l =Strongly disagree” was recoded to “| =Strong rejection;”
“7 =Strongly agree” was recoded to “7 =Strong acceptance”).
“9999 =Not applicable (I have received at least | shot)” was
recoded to “7=Strong acceptance,” because receiving at least
| shot indicates a strong acceptance of vaccines.

This measure was adapted from Guidry et al. (2021).%®

Table 2. Sample characteristics.

for Structural Equation Modeling (Table 7).% (see

SEM analysis for Model (1) revealed a significant chi-
square value: y%/df=27.11/6=4.52, p < 0.001. The fit indices
were: CFI=0.979, TLI = 0.947, and RMSEA=0.107. These
findings suggest that Model (1) did not fit the data well.

SEM analysis for Model (2) also revealed a significant
chi-square value: ¥*/df=10.29/4=2.57, p=0.036. The fit
indices were: CFI=0.994, TLI=0.976, and RMSEA=
0.071. These findings suggest that Model (2) did not fit the

SEM analysis for Model (3) revealed a non-signifi-
cant chi-square value: ¥%/df=1.70/4=0.425, p=0.791.
The fit indices were: CFI=1.000, TLI=1.000, and
RMSEA= 0.000. These findings suggest that Model
(3) fit the data exceptionally well. Table 3 presents the
Chi-square values and fit indices of the three SEM

Demographic Supplemental File 1).
variables Count Percentage
Age Mean 24.09
SD 5.52
Range 18 to 45
Gender Male 91 29.40%
Female 215 69.40%
Prefer not to 4 1.20%
say
Ethnicity White 155 50.00% data well either.
Black/African 56 18.10%
American
Hispanic/ 70 22.60%
Latino
Asian 8 2.60%
Mixed Race 17 5.50%
Other 4 1.20%

models.



Journal of Public Health Research

Table 3. Chi-square values and fit indices of the three SEM
models.

Model y2/df p value CFl TLI RMSEA
Model | 4.520 <0.001 0979 0947  0.107
(Figure 1)

Model 2 2.570 0.036 0994 0976  0.071
(Figure 2)

Model 3 0.425 0.791 1.000 1.000  0.000
(Figure 3)

Based on the chi-square values and fit indices of the
three models, Model (3) is the one that best fits the
data, thus RQ1 was answered. Model (3) accounted for
50.3% of the variance in vaccine acceptance (R> =
0.503). The following sections present direct and indi-
rect effects of all predictors on vaccine acceptance
based on Model (3).

Regarding the direct effects of all predictors on vaccine
acceptance, SEM analysis for Model (3) found that per-
ceived probability of contracting COVID-19 (B==-0.212,
SE = 0.076, =—0.126, p=0.006), worry about COVID-
19 (B=0.222, SE=0.090, 3=0.128, p=0.014), and per-
ceived vaccine safety (B=0.947, SE = 0.147, p=0.642,
p < 0.001) are significant and direct predictors of vaccine

acceptance. Perceived severity of contracting COVID-19
(B=0.110, SE==0.084, B = 0.068, p=0.192) and per-
ceived vaccine effectiveness (B=0.026, SE=0.153,
$=0.017, p=0.867) are non-significant predictors of vac-
cine acceptance.

As to the indirect effects of worry on vaccine accep-
tance, bootstrap mediation analyses for Model (3)
found that the mediating paths from worry about
COVID-19 to vaccine acceptance through perceived
probability of contracting COVID-19 (B=-0.085, 95%
CI=[-0.167,—-0.024], p=0.008) and through perceived
vaccine safety (B=0.310, 95% CI=[0.163, 0.520],
p=0.001) are significant; the mediating paths from
worry about COVID-19 to vaccine acceptance through
perceived severity of contracting COVID-19 (B=0.069,
95% CI=[ —0.044, 0.174], p=0.230) and through per-
ceived vaccine effectiveness (B=0.008, 95%
CI=[-0.119, 0.125], p=0.908) are non-significant.
Thus, the direct and indirect effects of all predictors on
vaccine acceptance for Model (3) were revealed,
answering RQ2. Worry about COVID-19 has an indi-
rect effect on vaccine acceptance through perceived
probability (negative) and through perceived vaccine
safety (positive). Figure 4 displays the path coefficients
of the best-fitting model (Figure 3).

Perceived Probability of
Contracting COVID-19

ok sk

391 .592

Perceived Severity of 068 -
Contracting COVID-19 :

Worry about

128

s

COVID-19

sk

279

Vaccine Acceptance

ok

.642

269

Perceived
- Vaccine Safety 017

Perceived
Vaccine Effectiveness

Figure 4. Standardized path coefficients of Model (3), the best fitting model.

#p < 0.05, #p < 0.01, #p < 0.001.
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Discussion

This study examines effects of COVID-19 risk perception
(including perceived probability and perceived severity),
vaccine perception (including perceived vaccine safety &
perceived vaccine effectiveness), and worry about COVID-
19 on vaccine acceptance, testing three competing models:
(1) all predictors influence vaccine acceptance simultane-
ously; (2) worry serves as the mediator between the two
risk-perception variables and vaccine acceptance, as well
as between the two vaccine-perception variables and vac-
cine acceptance; (3) the risk-perception and vaccine-per-
ception variables serve as mediators between worry and
vaccine acceptance. SEM analyses found that only Model
(3) shows an excellent fit to the data. Results of Model
(3) analyses found that perceived probability of contract-
ing COVID-19 has a direct and negative, and perceived
vaccine safety (the strongest predictor) has a direct and
positive influence on vaccine acceptance. The impacts of
perceived severity of contracting COVID-19 and perceived
vaccine effectiveness on vaccine acceptance are non-sig-
nificant. Worry about COVID-19 has a direct and indirect
influence on vaccine acceptance; the indirect influence is
mediated by perceived probability of contracting COVID-
19 and perceived vaccine safety. Implications of the present
study are discussed below.

A counterintuitive finding of this study is that perceived
probability of contracting COVID-19 has a negative influ-
ence on vaccine acceptance. In other words, college stu-
dents who have higher perceived probability of contracting
COVID-19 have lower vaccine acceptance. One possible
reason for this finding is fatalistic beliefs.*’ This is often
seen in the context of cancer, where individuals can exhibit
“deterministic thoughts about the external causes of the
disease, the inability to prevent it, and the inevitability of
death at diagnosis” (p. 461),*® and thus are less likely to
take various preventive actions, according to Niederdeppe
and Levy’s (2007)*" study on a large national sample of
U.S. adults. Similarly, if college students are convinced
that they are going to contract COVID-19 anyway (a fatal-
istic belief), they are less likely to accept vaccines (a pro-
tective action against COVID-19).

Perceived severity of contracting COVID-19 was not
significantly associated with vaccine acceptance in the
present sample. One plausible explanation is the age com-
position of our participants, who were primarily young
adults (mean age=24.09). Research suggests that younger
individuals often perceive themselves as less vulnerable
and tend to underestimate the consequences of health-
related threats, due to a sense of invincibility or optimism
bias.*” Consequently, they may not view COVID-19 as a
serious personal threat, which could lead to rejection of
vaccines. Additionally, reports on COVID-19 morbidity
and mortality show that younger adults are significantly
less likely to experience severe outcomes from COVID-19
compared to older age groups.?’ This actual low severity

may reinforce the perception that vaccination is less neces-
sary, thereby weakening the association between perceived
severity and vaccine acceptance in this demographic.

The finding that perceived vaccine safety has a direct
and positive influence on vaccine acceptance, while per-
ceived vaccine effectiveness had no significant impact,
suggests that whether vaccines are safe is much more
important than whether they are effective when college stu-
dents weigh their decisions to accept vaccines or not. One
possible explanation is that getting vaccinated is not like
taking oral medications, an activity which only involves
drinking/eating, which people are used to doing in their
daily life; the fact that it requires an injection might make it
feel more intrusive,* thus triggering greater concerns about
its safety. Another potential explanation is that the partici-
pants were American college students, as prior research
indicates that individuals from developed countries tend to
have greater doubts regarding the safety of vaccines.”!

Another interesting finding is that effects of worry on
vaccine acceptance are partially mediated by perceived
probability of contracting COVID-19 and perceived vac-
cine safety. Although this finding is inconsistent with the
risk-as-feelings hypothesis, which suggests that feelings
mediate cognition, it is in line with Chen and Liu’s (2023)°?
study, which reported that cognition mediates the effects of
feelings on intentions to wear a mask or use an air-purifier
in the context of air pollution; it is also consistent with
Chen and Yang’s (2017) study, which found that cogni-
tion mediates the effects of feelings on intention to quit
smoking. Perhaps what they have in common is that these
are all deliberate behaviors, rather than spontaneous ones:
they require advance planning, scheduling, etc. Thus cog-
nitions, rather than feelings, become the main determi-
nants in vaccine acceptance.

Theoretical implications

Our findings carry important theoretical implications. First,
the result that worry about COVID-19 is a significant and
direct predictor of vaccine acceptance underscores the role
of feelings in health-related decision making. This aligns
with the risk-as-feelings hypothesis, which posits that emo-
tional reactions can directly influence behavior, particu-
larly in contexts involving uncertainty or risk.'3

Second, the finding that worry indirectly affects vac-
cine acceptance through perceived probability and per-
ceived vaccine safety suggests that, in the context of
deliberate health decisions such as vaccine uptake, it’s
more likely that feelings influence decision making
through cognitive pathways, rather than that cognition
influences decision making through feelings. This sup-
ports the central tenets of both the Health Belief Model
(HBM)" and Protection Motivation Theory (PMT),'¢
which propose that cognitive factors—such as perceived
susceptibility and severity—are the primary, proximal
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determinants of health behaviors and intentions, and that
feelings like worry function as distal factors, shaping
behavior indirectly by influencing cognitive appraisals.

Finally, these findings suggest that HBM and PMT
offer more appropriate theoretical frameworks for under-
standing deliberate health behaviors than the risk-as-feel-
ings hypothesis. In other words, while feelings do play a
role, cognition appears to be the main driver of deliberate
health-related decisions.

Limitations

This study has some limitations. First, all measures relied
on self-reports, therefore, there is a possibility that social
desirability may have biased the findings. Nevertheless,
the survey questions in the current study were not intru-
sive, and “not applicable” options were included where
appropriate, likely encouraging honest responses from
most participants.

Second, this study treated perceived probability and
perceived severity as distinct and independent predictors.
This approach aligns with much of the existing literature
on COVID-19 vaccination behavior and intentions.® !
Moreover, one study found that the combined construct
(i.e. the product of perceived probability and severity) was
not a significant predictor of COVID-19 vaccination
behavior.?®> However, some scholars have advocated for
combining perceived probability and severity multiplica-
tively.!”> Future research may benefit from comparing
models that treat perceived probability and severity inde-
pendently with those that combine them multiplicatively,
to determine which approach more effectively predicts
health-related behaviors and intentions.

Third, it should be noted that the present sample reported
relatively low levels of worry (M=2.35 on a scale from 1 to
7). This may have influenced the strength or significance of
associations between the mediators (i.e. perceived proba-
bility of contracting COVID-19, perceived severity of con-
tracting COVID-19, perceived vaccine safety, and
perceived vaccine effectiveness) and the outcome variable
(i.e. vaccine acceptance) in our final model (see Figure 3).
Future studies should consider recruiting larger and more
diverse samples to allow for subgroup analyses based on
worry levels, which would enable a more nuanced under-
standing of how worry may moderate these relationships.

Fourth, this study used a sample of college students,
who are mostly younger adults. Compared to older adults
or individuals with underlying health conditions, younger
adults are less likely to experience severe symptoms—
or may even remain asymptomatic—after contracting
COVID-19.% This lower severity of COVID-19 in
younger populations may influence their beliefs about the
virus and reduce their motivation to get vaccinated, poten-
tially limiting the generalizability of our findings to more
vulnerable groups.

Fifth, the current sample consisted of a notably high
proportion of female participants (69.4%), which sur-
passes the national average of 58% female undergradu-
ate students in the United States in 2021.>* This sample
characteristic may limit the generalizability of the find-
ings to the broader U.S. college student population.
Finally, the cross-sectional nature of this study deter-
mines that the causal relations between predictors and
the outcome variable should be interpreted with
caution.

Conclusion

Despite the limitations mentioned above, the present study
represents the first attempt to test three competing models
involving cognitions, feelings, and vaccine acceptance in
the COVID-19 context. Findings suggest that higher per-
ceived probability of contracting COVID-19 and lower
perceived vaccine safety are related to lower vaccine
acceptance. Worry about COVID-19 directly and indi-
rectly influences vaccine acceptance, with indirect influ-
ences partially mediated by perceived probability of
contracting COVID-19 and perceived vaccine safety.
Findings contribute to public health research by demon-
strating that cognitions, instead of worry, are the main
drivers of COVID-19 vaccine acceptance. Moreover, this
study contributes to public health practice by recommend-
ing that vaccine campaigns targeting college students
focus on vaccine safety, utilize reasonable worry as an
emotional cue, and refrain from excessive emphasis on the
likelihood of contracting COVID-19. Future research may
want to test the three competing models in other health/
risk behaviors, including deliberate behaviors and sponta-
neous ones.
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