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ABSTRACT

Objectives: Vaccine hesitancy is often conceptualized as negative perceptions regarding vaccines, but recent
authors have increasingly argued that the construct should instead be conceptualized as indecision in the
vaccination decision-making process. This has caused authors to reevaluate the placement of vaccine hesitancy in
associated models and frameworks, and it has caused uncertainty regarding how these two conceptualizations
relate to each other. In the current article, we argue that the relation between these two conceptualizations of
vaccine hesitancy is best understood via nonlinear effects. Specifically, we argue that this relation takes an
inverted U-shape.

Study design: We utilized a cross-sectional survey design.

Methods: We recruited 273 participants from Prolific who completed two measures of vaccine hesitancy: an eight-
dimension measure reflecting negative perceptions of vaccines and a unidimensional measure reflecting inde-
cision in the vaccine decision-making process.

Results: We performed eight quadratic regression analyses (one for each dimension) to assess our proposed
nonlinear relation. The quadratic term was significant in all eight regression analyses (all p < .01), supporting
our proposed inverted U-shape relation.

Conclusions: Our results provide reasoning for future authors to test whether vaccine hesitancy as negative
perceptions impacts vaccination via vaccine hesitancy as indecision, and researchers must now recognize their
nonlinear relation in any developed models and frameworks.

1. Introduction

Vaccine hesitancy is often conceptualized as negative perceptions
regarding vaccines,'*> which is reflected in a multitude of operational-
izations including the Multidimensional Vaccine Hesitancy Scale
(MVHS);> however, recent authors have increasingly argued that the
construct should instead be conceptualized as indecision in the vacci-
nation decision-making process, »” resulting in the development of the
Unidimensional Vaccine Hesitancy Scale (UVHS).® This shift in
perspective has caused authors to reevaluate the placement of vaccine
hesitancy in associated models and frameworks, and it has caused un-
certainty regarding how these two conceptualizations relate to each
other. As both conceptualizations influence vaccination behaviors, it is
important to correctly model both within associated models and
frameworks.

In the current article, we argue that the relation between these two
conceptualizations of vaccine hesitancy is best understood via nonlinear

effects. People with very low negative perceptions or very high negative
perceptions about vaccines are not indecisive about vaccination; they
are likely to have made their decision to be vaccinated or not. Those who
have moderate levels of vaccine hesitancy are most likely to be indeci-
sive about vaccination, resulting in the relation of vaccine hesitancy as
negative perceptions to produce an inverted U-shape relation with
vaccine hesitancy as indecision. That is, people with the least and most
negative perceptions of vaccines are expected to be the least indecisive
about vaccination, whereas those with moderate negative perceptions of
vaccines are expected to be the most indecisive about vaccination. We
test this possibility by analyzing the nonlinear relation between the
MVHS dimensions (defined in Supplemental Material A Table 1) and the
UVHS. By doing so, we uncover presently untested nonlinear effects,
providing clarity to authors regarding how to place these two concep-
tualizations of vaccine hesitancy in associated models and frameworks.
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2. Methods
2.1. Transparency statement

Our dataset is provided as Supplemental Material B.

2.2. Participants

Participants (Age X = 39.91, Age S.D. = 13.85, 54 % Female, 100 %
United States) were recruited from Prolific in return for monetary
compensation. Prolific is an online platform connecting those who need
small tasks completed, such as taking a survey, with those willing to
complete the tasks. Prior studies have supported the validity of results
obtained via Prolific when taking the precautions of the current study.”"®
We administered three attention checks, and we removed participants
that failed more than one. This resulted in the removal of 4 participants,
producing a final sample size of 273 participants.

Further, 200 of these participants participated in Study 3 of Howard
(2024).° We conducted a power analysis to determine the necessary
sample size to test our effects (1 - f = .80, a = .05, £ = .05), which
recommended a minimum sample size of 262. For this reason, we
collected 73 more participants (in addition to the 200) utilizing the same
research methodology as Study 3 of Howard (2024),° which met the
minimum set by our power analysis and produced our final sample size
(n = 273). When including a dummy-coded variable to control for
whether the participant was part of the original sample, the inferences
produced by our results did not change. We report our analyses without
this dummy-coded variable, and this alternative analysis can be
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provided upon request.

2.3. Procedure

Participants enrolled via the Prolific platform. They were provided
with an information sheet and indicated their willingness to participate.
They then completed the online survey. Afterwards, they were thanked
for their time and told the purpose of the study.

2.4. Measures

MVHS. We administered the MVHS of Howard (2022).° This scale
includes four items for each of eight dimensions, which are defined in
Supplemental Material A Table 1. An example item is, “Vaccines cost too
much” (Cost). Participants responded on a 1 (Strongly Disagree) to 7
(Strongly Agree) response format.

UVHS. We administered the UVHS of Howard (2024).° This scale
includes four items, and an example item is, “I am generally undecided
about receiving vaccines.” Participants responded on a 1 (Strongly
Disagree) to 7 (Strongly Agree) response format.

3. Results

Supplemental Material A Table 2 provides correlations and Cron-
bach’s alphas. The UVHS produced a significant and positive linear
relation with each dimension of the MVHS, with correlations ranging
from .17 to .47 (all p < .01). We performed eight separate quadratic
regression analyses using heteroskedasticity-consistent standard errors

Table 1
Quadratic regression results.
p i p p i p p i p
la.) HR 0.59%* 0.35*
—0.27%** —0.06
1b.) HR?
0.30** -.07
2a.) Cost
—0.24** —0.01
2b.) Cost?
0.24** 0.01
3a.) PP
—0.16* 0.03
3b.) PP?
0.53** 0.02
4a.) Incov
—0.28** 0.00
4b.) Incov?
0.84%* 0.45%*
5a.) PR
—0.52% —0.34%*
5b.) PR?
0.60** 0.17
6a.) Acc
—0.34** —0.06
6b.) Acc?
0.64** 0.06
7a.) Heal
—0.40** -0.13
7b.) Heal®
0.47** 0.17
8a.) Forg
—0.26** —0.01
8b.) Forg?
0.27%* 0.09** 0.05** 0.18%** 0.29** 0.14** 0.22%* 0.16%* 0.42**
RZ

Note. For each regression analysis, no VIF value was above the standard cutoff of five. An a priori power analysis indicated that a minimum sample size of 262 was
necessary for our most demanding analysis, and our sample size of 273 exceeded this value. All regression analyses conducted with heteroskedasticity-consistent
standard errors (HC3). UVHS = Unidimensional Vaccine Hesitancy Scale, HR = Health Risks, PP = Physical Pain, Incov = Inconvenience, PR = Personal Re-

actions, Acc = Accessibility, Heal = Healthy, Forg = Forget.
*p < .05.
**p < .01.
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Fig. 1. Visual representations of polynomial relations between three Multidimensional Vaccine Hesitancy Scale dimensions and the Unidimensional Vaccine Hes-

itancy Scale.

Note: First figure represents the relation between the dimension of Health Risks and the Unidimensional Vaccine Hesitancy Scale. The second figure represents the
relation between the dimension of Personal Reactions and the Unidimensional Vaccine Hesitancy Scale. The third figure represents the relation between the

dimension of Healthy and the the Unidimensional Vaccine Hesitancy Scale.

Alt Text: The figure present three charts demonstrating an inverted U-shape relation between three dimensions of the Multidimensional Vaccine Hesitancy Scale and
the Unidimensional Vaccine Hesitancy Scale. The three dimensions are Health Risks, Personal Reactions, and Healthy, which are defined in Supplemental Material A.

(HC3) to assess the nonlinear relation of each MVHS dimension with the
UVHS (Table 1). To conduct these analyses, we mean-centered each
predictor, squared each predictor to create the quadratic term, and
entered both the original term and the quadratic term into the regression
analysis. The variance inflation factor (VIF) statistic of each predictor in
all regression analyses, including the omnibus analysis, was below the
standard cutoff of five, indicating that multicollinearity is not an issue in
our analyses.’

The quadratic term was significant in all eight regression analyses
(all p < .01), supporting our proposed nonlinear relation. Fig. 1 provides
visual representations of three selected relations. Lastly, we conducted
an omnibus regression analysis with the linear and quadratic terms of all
eight MVHS dimensions predicting the UVHS (Table 1). While the reli-
ability of this analysis is unclear due to the very large number of
included quadratic terms, the result found that the linear effect of Health
Risks (p = .03) and Personal Reactions (p < .01) were statistically sig-
nificant, and the quadratic effect of Personal Reactions was also statis-
tically significant (p < .01).

4. Discussion

The goal of the current article was to provide clarity regarding the
relation of two separate conceptualizations of vaccine hesitancy, one as
negative perceptions regarding vaccines (MVHS) and the other as
indecision in the vaccination decision-making process (UVHS). Our re-
sults supported that each dimension of the MVHS produced a nonlinear
relation with the UVHS in the hypothesized manner, an inverted U-
shaped relation. Participants had weaker indecision in the vaccine
decision-making process when their negative perceptions regarding
vaccines were either lower or higher, whereas they had stronger inde-
cision in the vaccine decision-making process when their negative per-
ceptions regarding vaccines were moderate. This result poses several
implications for both research and practice.

First, because vaccine hesitancy as indecision is an immediate
antecedent to vaccination behaviors, »° our results provide reasoning for
future authors to test whether vaccine hesitancy as negative perceptions
impacts vaccination via vaccine hesitancy as indecision, providing
greater justification for its placement in models and frameworks. Future
researchers should test for this mediating effect, and if supported, novel
models would need to be developed that account for both types of
vaccine hesitancy. In doing so, researchers must recognize their
nonlinear relation, adding further consideration to the complexity of
vaccination behaviors.
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Second, extant models when applied to study vaccination, such as
the Health Belief Model,'® must be revised to account for both concep-
tualizations of vaccine hesitancy and their nonlinear relation. For
example, the Health Belief Model,” includes the primary antecedents to
health behaviors of perceived susceptibility, perceived severity,
perceived benefits, and perceived barriers. In the study of vaccination
behaviors, vaccine hesitancy is most often included among these pri-
mary antecedents. This is because authors have often applied the
conceptualization of vaccination as negative perceptions in conjunction
with the Health Belief Model,” and the primary antecedents within this
model are negative perceptions themselves. Our study suggests, how-
ever, that vaccine hesitancy as indecision should be included as an
additional link in the potential causal chain between the modeled pri-
mary antecedents and vaccination behaviors, as this state of indecision
may be even more proximal to vaccination behaviors. In turn, the in-
clusion of this additional construct provides greater nuance to under-
standing the cognitive mechanisms that occur when determining
whether to receive vaccines, and other models could be similarly revised
to account for multiple conceptualizations of vaccine hesitancy.

Third, our results encourage future researchers to test whether
alternative predictors produce nonlinear relations with vaccine hesi-
tancy as indecision, as our applied theoretical rationale can likely
generalize to other constructs. Many frameworks exist to understand the
barriers to receiving vaccines, such as the 7C model."" It is likely that the
logic applied to test the present relations of two conceptualizations of
vaccine hesitancy could also apply to these other frameworks. For
instance, those who perceive low or high barriers associated with the 7C
model may again be relatively unlikely to be indecisive about vaccina-
tion, as they are firmly willing or not willing to be receive vaccines;
however, those who perceive moderate barriers may be the most inde-
cisive. Thus, the present article can provide a broadly applicable lens to
understand the relations of antecedents and vaccine hesitancy as
indecision.

Fourth, the limitations of our work offer directions for future
research. Perhaps most notably, the current article utilized a cross-
sectional research design. While analyses indicated that common
method bias was not a concern with our results (provided upon request),
future researchers should nevertheless replicate the current results while
utilizing more robust research designs, such as panel designs. Likewise,
we utilized a supported platform to collect our sample, but future re-
searchers should pursue other approaches to obtain representative
samples. By doing so, the broader generalizability of our findings could
be further supported.



M.C. Howard
Author statements
Ethical approval

All procedures were approved by the IRB of the primary author’s
institution.

Funding

No funding was received in association with this work.
Competing interests

The authors have no competing interests to declare.
Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.puhe.2025.01.012.

55

Public Health 240 (2025) 52-55

References

11.

. Balgiu BA, Sfeatcu R, Tancu AMC, Imre M, Petre A, Tribus L. The multidimensional

vaccine hesitancy scale: a validation study. Vaccines. 2022;10(10):1755.

. Gold JM, Amuta AO, Cisneros YL. A multidimensional approach to understanding

vaccine hesitancy among first generation college students. J Am Coll Health. 2024:
1-6.

. Howard MC. A more comprehensive measure of vaccine hesitancy: creation of the

Multidimensional Vaccine Hesitancy Scale (MVHS). J Health Psychol. 2022;27(10):
2402-2419.

. Bussink-Voorend D, Hautvast JL, Vandeberg L, Visser O, Hulscher ME. A systematic

literature review to clarify the concept of vaccine hesitancy. Nat Human Behayv.
2022;6(12):1634-1648.

. Shrestha M, Sherer PP, Paek SC, Prasert K, Chawalchitiporn S, Praphasiri P.

Influenza vaccine hesitancy among healthcare workers in a Northeastern province in
Thailand: findings of a cross-sectional survey. PLoS One. 2024;19(9), e0310761.

. Howard MC. Vaccine hesitancy as indecision: creation and evaluation of the

unidimensional vaccine hesitancy scale. Br J Health Psychol. 2024.

. Albert DA, Smilek D. Comparing attentional disengagement between Prolific and

MTurk samples. Sci Rep. 2023;13(1), 20574.

. Douglas BD, Ewell PJ, Brauer M. Data quality in online human-subjects research:

comparisons between MTurk, prolific, CloudResearch, qualtrics, and SONA. PLoS
One. 2023;18(3), €0279720.

. Hair J, Black W, Babin B, Anderson R. Multivariate Data Analysis. Cengage; 2023.
. Zampetakis LA, Melas C. The health belief model predicts vaccination intentions

against COVID-19: a survey experiment approach. Appl Psychol: Health and Well-
Being. 2021;13(2):469-484.

Geiger M, Rees F, Lilleholt L, et al. Measuring the 7Cs of vaccination readiness. Eur J
Psychol Assess. 2021.


https://doi.org/10.1016/j.puhe.2025.01.012
https://doi.org/10.1016/j.puhe.2025.01.012
http://refhub.elsevier.com/S0033-3506(25)00033-2/sref1
http://refhub.elsevier.com/S0033-3506(25)00033-2/sref1
http://refhub.elsevier.com/S0033-3506(25)00033-2/sref2
http://refhub.elsevier.com/S0033-3506(25)00033-2/sref2
http://refhub.elsevier.com/S0033-3506(25)00033-2/sref2
http://refhub.elsevier.com/S0033-3506(25)00033-2/sref3
http://refhub.elsevier.com/S0033-3506(25)00033-2/sref3
http://refhub.elsevier.com/S0033-3506(25)00033-2/sref3
http://refhub.elsevier.com/S0033-3506(25)00033-2/sref4
http://refhub.elsevier.com/S0033-3506(25)00033-2/sref4
http://refhub.elsevier.com/S0033-3506(25)00033-2/sref4
http://refhub.elsevier.com/S0033-3506(25)00033-2/sref5
http://refhub.elsevier.com/S0033-3506(25)00033-2/sref5
http://refhub.elsevier.com/S0033-3506(25)00033-2/sref5
http://refhub.elsevier.com/S0033-3506(25)00033-2/sref6
http://refhub.elsevier.com/S0033-3506(25)00033-2/sref6
http://refhub.elsevier.com/S0033-3506(25)00033-2/sref7
http://refhub.elsevier.com/S0033-3506(25)00033-2/sref7
http://refhub.elsevier.com/S0033-3506(25)00033-2/sref8
http://refhub.elsevier.com/S0033-3506(25)00033-2/sref8
http://refhub.elsevier.com/S0033-3506(25)00033-2/sref8
http://refhub.elsevier.com/S0033-3506(25)00033-2/sref9
http://refhub.elsevier.com/S0033-3506(25)00033-2/sref10
http://refhub.elsevier.com/S0033-3506(25)00033-2/sref10
http://refhub.elsevier.com/S0033-3506(25)00033-2/sref10
http://refhub.elsevier.com/S0033-3506(25)00033-2/sref11
http://refhub.elsevier.com/S0033-3506(25)00033-2/sref11

	Vaccine hesitancy relates to vaccine hesitancy? Discovering nonlinear relations between differing operationalizations of va ...
	1 Introduction
	2 Methods
	2.1 Transparency statement
	2.2 Participants
	2.3 Procedure
	2.4 Measures

	3 Results
	4 Discussion
	Author statements
	Ethical approval
	Funding
	Competing interests

	Appendix A Supplementary data
	References


