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Objective: This study compares three models of parental human papillomavirus (HPV) vaccination
intentions across United States, United Kingdom, and Germany: A model based on the theory of
planned behavior (TPB), a model incorporating variables of the health belief model (HBM), and a
model that adds factors identified in previous empirical research. We also examine whether these mod-
els predict vaccination behavior 1 year later in the United States and United Kingdom. The goal is to
provide insights for designing targeted interventions. Method: A preregistered online study (February–
March 2023) surveyed 1,088 parents from United States, United Kingdom, and Germany measuring var-
iables related to the TPB (attitudes, subjective norms, and perceived behavioral control) and the HBM
(risk and effectiveness perceptions), factors identified in previous empirical research (e.g., knowledge),
and HPV vaccination intentions. One year later, 625 participants (United States and United Kingdom)
were recontacted to assess vaccination behavior. Results: Structural equation modeling revealed that
TPB accounted for 77% of the variance of vaccination intentions. HBM variables were associated with
attitudes (85% variance accounted for). Vaccination intentions, trust in science, and HPV vaccination
knowledge predicted vaccination behavior 1 year later (25% variance accounted for). Conclusions: TPB
was strongly associated with parental HPV vaccination intentions, with attitudes and norms as key cor-
relates. HBM variables were associated with attitudes but did not improve behavior predictions. Trust in
science and HPV knowledge directly predicted vaccination behavior 1 year later. These findings suggest
that interventions should target TPB and HBM variables to shape intentions and attitudes while fostering
vaccination knowledge to sustain long-term behavior.

Public Significance Statement
This 12-month study tracks how theory of planned behavior, health belief model variables, and
additional psychological factors jointly shape parents’ HPV vaccination decisions across the United
States, United Kingdom, and Germany. Attitudes and social norms were associated with intentions,
which, together with trust in science and HPV knowledge, predicted actual vaccination behavior
over 12 months. Strengthening these factors can help public health campaigns turn intentions into
action and prevent HPV-related cancers.
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Human papillomavirus (HPV) is implicated in various cancers,
particularly cervical cancer, ranking fourth among women’s global
cancer incidences (Castle & Maza, 2016). Health authorities rec-
ommend prophylactic vaccines against HPV (Kombe Kombe
et al., 2020), for both girls and boys in many countries since 2006,
including the United States (CDC, 2021), the United Kingdom
(NHS, 2023), and Germany (RKI, 2020). However, vaccination
rates are still far below the targets defined by the World Health Or-
ganization (WHO, 2020) of at least 90% coverage for girls by age
15 by 2030 and a significant increase for boys (United States: Girls
70.4%, Boys 59.0%; Pingali et al., 2021; United Kingdom: Girls
60.2%, Boys 54.7%; Farnes et al., 2022; Germany: Girls 54.1%,
Boys 8.1%; RKI, 2020). The recommended vaccination age for
the HPV vaccination starts at 9 years in the United States and Ger-
many (Meites et al., 2016; RKI, 2020) and 12 years in the United
Kingdom (Farnes et al., 2022), making parents the primary
decision-makers. Although most research on HPV vaccination
focuses on individuals deciding for themselves (self-directed),
parents’ decisions for their children (other-directed) may draw on
different psychological processes.
We selected the United States, United Kingdom, and Germany

because they combine similarities and differences in ways that
enable testing behavioral models. All three countries are high-
income, have comparable public health goals, evidence-based vac-
cination guidelines, and high coverage rates for routine childhood
immunization (WHO, 2023). At the same time, they differ in
health care organization and HPV vaccination procedures. The
United Kingdom operates a centrally organized, publicly funded
system (National Health Service [NHS]) with school-based vacci-
nation programs (Anderson et al., 2022); the United States com-
bines private and public provision with variable access and
insurance coverage (CDC, 2024; Rice et al., 2020); and Germany
provides universal coverage through a decentralized network of
health care providers (Bl€umel et al., 2022). In Germany and the
United States, children between 9 and 14 years receive two doses
of the vaccine while people over 14 years receive three (CDC,
2021; RKI, 2025). In the United Kingdom, people under 25 have
one dose (NHS, 2023). This may shape parental perception of the
effort of vaccination, with the United Kingdom demanding less
effort. This mix of similarities and differences makes them an
ideal context for examining whether established behavioral models
are consistently associated with parental HPV vaccination inten-
tions across countries and independently of health care organiza-
tion and vaccination procedures.
Although previous studies have investigated the correlates of

HPV vaccination attitudes and intentions, few have integrated
these constructs into comprehensive models that account for the
complex dynamics influencing vaccination behavior. Such models
can offer valuable insights into the factors shaping parental
decision-making and help guide the design of targeted health inter-
ventions (Abraham & Denford, 2020). Our study seeks to fill this

gap building on the theory of planned behavior (TPB) to examine
associations with vaccination intentions (Model 1). We then add
health belief model (HBM) variables associated with vaccination
attitudes (Model 2) and finally extend this framework with varia-
bles identified in previous empirically driven research (Model 3).
For a visualization of the three models, see Figure 1. We go
beyond the examination of associations with intentions and atti-
tudes by also exploring actual vaccination behavior assessed
1 year after the initial study. To do this, we extend Model 3 and
predict vaccination behavior as an additional outcome variable.
We also test if the variables associated with attitudes in Model 3
improve the prediction of vaccination behavior beyond the TPB
and HBM variables.

In summary, our study focuses on comparing the generalizabil-
ity and the extent to which three behavioral models are associated
with parental HPV vaccination intentions and behaviors across the
United States, the United Kingdom, and Germany; countries that
differ in terms of vaccination uptake, health care systems, and cul-
tural attitudes toward health and vaccination (e.g., Karafillakis
et al., 2019).

Theoretical Background

Model 1: Theory of Planned Behavior

The TPB (Ajzen, 1991) posits that behavioral intentions result
from three variables: attitudes, reflecting the favorability evalua-
tion of the behavior; subjective norms, encompassing perceived
social pressure and expectations from relevant individuals or
groups; and perceived behavioral control, indicating confidence in
one’s ability to perform the behavior. Most research on the TPB in
vaccination examines self-directed decisions, where individuals
decide whether to receive a vaccine themselves. In these studies,
attitudes, particularly beliefs about vaccine efficacy, are typically
most strongly related to intention, followed by subjective norms,
whereas relations of perceived behavioral control and intentions
are comparatively smaller (Catalano et al., 2017; Gerend & Shep-
herd, 2012).

However, when individuals make other-directed health deci-
sions, the psychological processes linking TPB constructs to
behavior may work differently. Though, Caso et al. (2022) investi-
gating Italian parents’ intentions to vaccinate their children found
that parental vaccination attitudes showed the strongest association
with vaccination intentions. However, parents’ attitudes may focus
on the child’s health risks rather than on vaccine efficacy. For
example, Hoogink et al. (2020) showed that parents weighed the
severity and susceptibility of disease more heavily when deciding
about vaccination for their child than for themselves. Similarly,
although subjective norms were not associated with parental vacci-
nation intentions in Caso et al. (2022), other research suggests
they still play a role: health care provider recommendations and
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societal expectations about responsible parenting were associated
with parents’ vaccination intentions (Perez et al., 2017; Shapiro
et al., 2018). Finally, though perceived behavioral control may still
remain an important association of parental vaccination intentions
(Caso et al., 2022; Perez et al., 2017), relational factors may
reduce practical control. For example, communication difficulties
with children about sensitive topics like sexually transmitted infec-
tions may reduce parents’ confidence and influence vaccination
intentions (Gross et al., 2015). Furthermore, parents often experi-
ence a sense of responsibility in their parental role, which may
shape their sense of control (Apetroaia et al., 2015; Khazanovich
& Schlenker, 2000). Taken together, parental child-directed HPV
vaccination decisions may differ from self-directed decisions: atti-
tudes may be more strongly associated with risk- and harm consid-
erations, subjective norms may become more socially and morally
charged, and perceived behavioral control may include communi-
cation difficulties and parents’ sense of responsibility. Thus, exam-
ining parents’ HPV vaccination intentions should provide valuable

insight into how the TPB can be applied to other-directed, specifi-
cally, parental decisions.

In addition to considering parental decisions, we will add a
cross-cultural aspect to the literature on TPB: Although the theory
has been tested in previous HPV vaccination research, evidence
for its applicability in the United Kingdom and Germany remains
limited. This research gap underscores the need to assess the
TPB’s generalizability across different cultural contexts. We
hypothesize that attitudes, subjective norms, and perceived behav-
ioral control are positively associated with parental HPV vaccina-
tion intentions in all three countries.

Model 2: TPBModel1HBMVariables

We extend our model by including factors associated with atti-
tudes toward vaccination, which are conceptually derived from the
HBM. The HBM (Rosenstock, 1974) posits that individuals’
engagement in preventive health behaviors, is influenced by five

Figure 1
Path Diagram of Model 3, Modeling Vaccination Intentions Based on an Extended TPB Model With HBM Variables and Additional
Variables as Correlates of Vaccination Attitudes

Note. TPB = theory of planned behavior; HBM = health belief model; CFI = Comparative Fit Index; RMSEA = Root Mean Square Error of
Approximation; SRMR = Standardized Root Mean Square Residual; PNFI = Parsimonious Normed Fit Index. Standardized regression coefficients are
displayed for significant paths only. Nonsignificant paths are shown as dashed lines. Models 1 and 2 are nested in Model 3 and yield similar coefficients
for their respective paths if calculated on their own. For figures including all regression coefficients and for separate depictions of Models 1 and 2, see
Supplemental Material H. See the online article for the color version of this figure.
* p < .05. ** p < .01. *** p < .001.
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key factors: perceived susceptibility (belief in one’s risk of contract-
ing the disease), perceived severity (the belief in serious consequen-
ces of the disease), perceived benefits (belief in the effectiveness of
the health behavior), perceived barriers (perceived obstacles for the
health behavior; e.g., perceived risk of the HPV vaccination, accessi-
bility and availability of the HPV vaccine), and cues to action (exter-
nal prompts to take action). As this study focuses on psychological
mechanisms, we only included variables that measure participants
subjective perception, not contextual artifacts that may systematically
covary with countries (e.g., accessibility, availability, doctor’s recom-
mendation, and health insurance status). Specifically, we focus on:
perceived risk of infection (linked to the HBM variables perceived
susceptibility and perceived severity), perceived risk of the vaccine
(linked to the HBM variable perceived barriers), and perceived
effectiveness of the vaccine (linked to the HBM variable perceived
benefits). We report exploratory analyses using all measured indica-
tors related to HBM constructs in Supplemental Material A.
Research on the HBM has highlighted the relevance of these

factors for vaccination attitudes and uptake. Low perceived risk of
infection, high perceived risk of vaccination, and low perceived
effectiveness of vaccination were found to be associated with
more negative attitudes toward the COVID-19 vaccine (Phillips
et al., 2022). High perceived risk of HPV infection and low per-
ceived risk of HPV vaccination (e.g., concerns about vaccine
safety) are positively related to vaccination uptake. The perceived
effectiveness of HPV vaccination has mixed results. For instance,
some studies looking at various populations have found that per-
ceived risk of HPV infection and perceived risk of HPV vaccina-
tion, but not perceived effectiveness of HPV vaccination, were
associated with HPV vaccine uptake (Donadiki et al., 2014; Ger-
end & Shepherd, 2012; Marlow et al., 2009). Reviews and a meta-
analysis indicated that perceived risk of HPV infection (Karafilla-
kis et al., 2019; Newman et al., 2018), perceived effectiveness of
HPV vaccination (Santhanes et al., 2018), and perceived risks
of HPV vaccination were related to HPV vaccination intentions or
behavior (Brewer & Fazekas, 2007).

Model 3: TPB1HBM1Other Relevant Factors

In addition to the core TPB constructs and the HBM variables, we
extend the model by incorporating factors associated with HPV vac-
cination attitudes and intentions identified in previous studies, which
go beyond the TPB and the HBM (e.g., Caso et al., 2022). Integrat-
ing these factors aims at finding particularly powerful models that
support the creation of effective interventions guiding parents in their
decisions to get their children vaccinated. According to the TPB, atti-
tudes toward a behavior reflect how positively or negatively an indi-
vidual evaluates the outcome of that behavior. Thus, we expect
predictors such as trust, knowledge, and conspiratorial beliefs to
influence attitudes. They shape how parents evaluate the positive or
negative consequences of having their children vaccinated.

Anticipated Regret

Anticipated regret, the feeling of remorse individuals expect to
feel if they make a health decision that leads to undesirable out-
comes, has been robustly associated with health behavior (Sandberg
& Conner, 2008). Studies demonstrate that anticipated regret regard-
ing nonvaccination against infectious diseases is related to vaccina-
tion decisions (Leder et al., 2015). Similarly, anticipated regret of

not vaccinating against HPV is positively associated with HPV vac-
cination intentions (Caso et al., 2022; Christy et al., 2016; Newman
et al., 2018). Meta-analyses have demonstrated that anticipated regret
contributes above the core TPB variables to the explanation of gen-
eral health and risk-related intentions (Sandberg & Conner, 2008),
and vaccination intentions (Brewer et al., 2016). Thus, anticipated
regret is included as a direct correlate of intentions, consistent with
evidence that it can influence behavior independently of attitudes.

Communication Difficulties

Studies have identified parental reluctance to discuss sexuality
and sexually transmitted infections as a common barrier to HPV
vaccination (Gross et al., 2015). We hypothesize that communica-
tion difficulties around sexual health are negatively related to per-
ceived behavioral control. Parents who struggle to talk to their
children about sexual health may feel less confident in their ability
to make informed vaccination decisions, which may undermine
their perceived control over the vaccination process. Thus, we
include communication difficulties as a variable related to per-
ceived behavioral control.

HPV-Related Knowledge

Knowledge about HPV, its health consequences, and the bene-
fits of vaccination is often assumed to be positively linked to vac-
cination attitudes because medical evidence generally supports the
benefits of vaccination (Bednarczyk, 2019; Kombe Kombe et al.,
2020). However, empirical evidence for a link between knowledge
and vaccination intentions and behavior is mixed. Although two
meta-analyses found a positive correlation (Bendik et al., 2011;
Newman et al., 2018) between knowledge and HPV vaccination
uptake, the overall effect was small (r 5 .1 to .2). Other studies
report no significant association between knowledge increase and
HPV vaccination intentions (Betsch & Wicker, 2012) or behavior
(Fishman et al., 2014). Furthermore, presumed (i.e., believing one
is well informed) but not actual (tested) knowledge was associated
with HPV vaccination intentions in some studies (Krawczyk et al.,
2013). Investigating knowledge about the vaccine is particularly
important for practical applications, because many health interven-
tions focus on knowledge transfer (Betsch & Wicker, 2012). Both
tested and presumed knowledge can shape how parents evaluate
the potential outcomes of vaccinating their children, and these out-
come expectations, in turn, influence their attitudes toward HPV
vaccination (Ajzen, 1991). Therefore, we include knowledge—
encompassing both tested and presumed aspects—as a variable
associated with HPV vaccination attitudes.

General Vaccination Attitudes

Meta-analytic findings support that attitudes toward vaccines
in general may influence parents’ attitudes toward the HPV vac-
cine (Newman et al., 2018). General attitudes toward vaccination
accounted for at least part of the variance of HPV vaccination-
specific attitudes in two studies (Caso et al., 2022; Perez et al.,
2017). Therefore, we also calculated models where general vac-
cination attitudes are included as a covariate.

Trust in Science, Health Care Institutions, and Doctors

Vaccine recommendations are developed by scientists, issued
by health care institutions, and the vaccine is given by doctors or
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other health care providers. Therefore, parents who trust these
sources of information are more likely to view the HPV vaccine
positively and follow vaccination recommendations. Consistent
with TPB, we model the primary influence of trust as an indirect
path—trust in sources that endorse vaccinations should be related
to more positive attitudes, which should in turn affect intentions
and behavior. Supporting this assumption, studies have consis-
tently found that higher levels of trust in health care institutions
(Caso et al., 2022; Karafillakis et al., 2019), doctors (Karafillakis
et al., 2019; Newman et al., 2018), and science (Caso et al., 2022)
are associated with favorable attitudes toward HPV vaccination
(Caso et al., 2022), increased vaccination intentions (Karafillakis
et al., 2019), and enhanced vaccination behavior (Newman et al.,
2018).

Conspiratorial Beliefs

Conspiracy theories (CTs) are “attempts to explain events as the
secret acts of powerful, malevolent forces” (Jolley & Douglas,
2014, p. 1). Because the commonly used term is conspiracy theo-
ries, we use the term CTs in this article. CTs are not theories in the
scientific sense. Typically, they cannot be proven or disproven by
any evidence. They carry characteristics of myths (Flaskerud,
2021) and it might be more appropriate to refer to them as conspir-
acy myths or conspiracy beliefs in public discourse. Common
vaccine-related CTs include claims that vaccines cause autism or
that pharmaceutical companies hide the true risk of vaccination
(Kata, 2010). Conspiracy mentality (CM) entails a “relatively sta-
ble readiness to interpret world events as being caused by plots
hatched in secret” (Imhoff et al., 2022, p. 1). Research has shown
that CTs and CM are positively associated with vaccine hesitancy.
A cross-cultural study found a strong link between beliefs in CTs
and antivaccination attitudes (Hornsey et al., 2018). Similarly,
studies found a negative association between beliefs in antivaccine
CTs and vaccination intentions and behavior (Jolley & Douglas,
2014). For HPV vaccination specifically, beliefs in vaccine CTs
were associated with a lower likelihood of parents vaccinating
their children (Shapiro et al., 2018). Consistent with TPB, we
include beliefs in CTs and CM as variables associated with HPV
vaccination attitudes because these beliefs are likely to negatively
relate to parents’ evaluation of vaccination outcomes, shaping atti-
tudes and in turn intentions.

Present Research

This study investigates the explanatory power of three models
in accounting for parental HPV vaccination attitudes and inten-
tions across three cultural contexts: the United States, the United
Kingdom, and Germany. We assess the effectiveness of the TPB,
an extended model incorporating perceived risk and effectiveness
(related to the HBM) as correlates of attitudes, and a third model
that includes further factors identified in previous research (see
Figure 1). By comparing these models, we aim to gain insights for
designing more targeted interventions to increase vaccination
uptake. The study was preregistered before data collection and
approved by the ethics committee of the local university (for addi-
tional details, see Supplemental Material B). One year after the
initial study, we contacted participants from the United States and
the United Kingdom again to assess whether they had vaccinated

their children or initiated any preparations for vaccination since
the first survey. Recruiting via Qualtrics, we could not follow up
the sample from Germany. This 1-year follow-up was exploratory,
but it does provide valuable insights, because it allows us to test
the impact of intentions and other predictors on actual behavior
1 year later in a rather large sample.

Methods

The study used a correlational design and was part of a
broader investigation that encompassed medical ethics con-
ducted in three countries: the United States, the United King-
dom, and Germany from February 7, 2023, to March 8, 2023
(T1). Due to the different samples and sample providers, the sur-
vey periods differed slightly between the countries (United
States: February 07, 2023– February 22, 2023; United Kingdom:
February 07, 2023–March 08, 2023; Germany: January 18,
2023–February 09, 2023). The follow-up study was conducted
in the United States and United Kingdom from February 14,
2024, to April 26, 2024 (T2). Materials were in English (United
States/United Kingdom) or German. The content in all three
countries was identical, except for country-specific demographic
questions.

Participants

After exclusions, the final sample sizes were United States: N 5
339 (52.8% Women, 46.7% men, 0.6% other gender identity, age:
M 5 42.3, SD 5 7.9), United Kingdom: N 5 260 (58.5% Women,
41.5% men, age: M 5 42.2, SD 5 7.7), and Germany: N 5 489
(68.9% Women, 31.1% men, age: M 5 38.46, SD 5 8.4). Most of
the U.S. and U.K. participants (United States: 79.7%, 270 partici-
pants, United Kingdom: 81.5%, 212 participants) participated in
the follow-up study 1 year later. Detailed descriptions of inclusion
criteria, sample size rationale, sample characteristics, and a partici-
pant flowchart are depicted in Supplemental Material C.

Procedure and Materials

HPV Vaccination Attitudes and Intentions (T1). Participants
reported the number of unvaccinated, age-eligible children;
subsequent items used singular or plural forms accordingly.
Then, the participants were presented with validated question-
naires to assess the TPB variables, the HBM variables, and a se-
ries of predictors that have been shown to be empirically
relevant. Unless otherwise indicated, all scales taken from the
literature are used as in the original publications. Some items
were adapted to refer specifically to the HPV vaccination.
Finally, participants were asked demographic questions about
themselves and their children, thanked, and debriefed. They
received additional information about HPV and the HPV vacci-
nation, along with contact details for official cancer prevention
services in their respective countries. Supplemental Material D
provides a summary of all scales used in the study at T1 and T2,
including example items.

Vaccination Behavior (T2). In the 1-year follow-up, partici-
pants answered questions regarding their actions and intentions
concerning HPV vaccination for their children. Specifically, we
asked participants to indicate their current status regarding HPV
vaccination of their children by selecting one of five options: “I
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have . . . 1) vaccinated my children, 2) made an appointment for vac-
cination, 3) intended to make an appointment, 4) not made an appoint-
ment; or 5) I did not intend to get my children vaccinated against
HPV.” All participants in the longitudinal sample had children who
remained age-eligible for HPV vaccination between T1 and T2.
Changes in vaccination attitudes, perceived risks, and perceived effec-
tiveness were also assessed with the same scales as in T1.

Statistical Analyses

For a description of the statistical analyses, including preregistered
models, specifications of the structural equation models (SEMs), and
measurement invariance, see Supplemental Material G.

Results

Descriptive Analyses and Zero-Order Correlations

For descriptive results and zero-order correlations among all pri-
mary variables, see Supplemental Material G. Most psychosocial vari-
ables, including subjective norms, perceived risks and benefits,
anticipated regret, trust in health care institutions/science, and reduced
conspiracy beliefs, were significantly and positively correlated with
attitudes toward HPV vaccination and with vaccination intentions.
Both intentions and primary TPB variables also showed strong posi-
tive correlations with reported vaccination behavior. Tested and
presumed knowledge were weakly but positively correlated with
intentions and attitudes. Communication difficulties, however, were
not significantly correlated with attitudes, intentions, or behavior.

Structural Equation Modeling

Associations With HPV Vaccination Attitudes and
Intentions

We conducted three nested SEMs to examine associations
between psychosocial variables and parents’ HPV vaccination
intentions. Model 1 (TPB only) indicated that attitudes and subjec-
tive norms were the strongest correlates and accounted for 77% of
the variance of vaccination intentions, whereas perceived behav-
ioral control showed no association. Model 2 added HBM varia-
bles (perceived risk of the vaccination, perceived risk of the
infection, and perceived effectiveness of the vaccination), which
accounted for 85% of the variance of vaccination attitudes, while
associations with intentions remained similar to Model 1. Model 3
further incorporated empirically supported correlates of attitudes
and anticipated regret. Anticipated regret was included for the two
eventualities: having or not having one’s child vaccinated. Some
of these additional variables (presumed knowledge, trust in institu-
tions, CM) were associated with attitudes, and both anticipated
regret variables were associated with intentions; otherwise, the
pattern of associations closely resembled Model 2. Importantly,
the structural models did not significantly differ across the United
States, United Kingdom, and Germany, further supporting cross-
country comparability. Figure 1 presents Model 3, which includes
the paths of the previous models. For full results, including Mod-
els 1 and 2, and detailed path coefficients, fit indices, and
explained variance, see Supplemental Material H. For models that
are grouped by country, see Supplemental Material E.

Predicting HPV Vaccination Behavior Measured 1 Year
Later

To test whether the extended TPB model with HBM variables
and additional predictors (Model 3) could predict actual behavior,
we used the data from the 1-year follow-up (U.S. and U.K. partici-
pants). Little’s MCAR test (Little, 1988) performed on the varia-
bles included in the model revealed no evidence for systematic
missingness, v2(29) 5 29.47, p 5 .441. We added reported vacci-
nation behavior 1 year after the initial study as an outcome vari-
able (Model 4: Behavior prediction). In addition to intentions, all
predictors of attitudes were also included to test whether they
uniquely contributed to behavior beyond the attitude–intention
path based on the TPB. Intentions emerged as a predictor. For a
summary of the model, see Figure 2. The fit indices for the model
were generally acceptable to good. Interestingly, only two varia-
bles were direct predictors of behavior, neither of which contrib-
uted to attitudes in the previous models: trust in science, which
was negatively related, and knowledge about the vaccination,
which was positively related to vaccination behavior. Overall, the
model accounted for 27.3% of the variance of behavior.

Discussion

We set out to compare the explanatory power of three models
examining associations with parental intentions to vaccinate their chil-
dren against HPV across three cultural contexts: the United States, the
United Kingdom, and Germany. Specifically, we examined the effec-
tiveness of the TPB, an extended model that incorporates elements of
the HBM, and a third model that adds variables found to be relevant
in prior empirical research. Furthermore, we investigated whether the
third model could predict actual vaccination behavior 1 year later.

Associations With HPV Vaccination Attitudes and
Intentions

Model 1: TPB

Consistent with previous findings, attitudes toward HPV vacci-
nation, subjective norms, and perceived behavioral control were
positively associated with each other and with HPV vaccination
intentions. Notably, only attitudes and subjective norms remained
associated with HPV vaccination intentions in SEMs, aligning
with findings from Catalano et al. (2017). Perceived behavioral
control, indicating parents’ confidence in their ability to get their
children vaccinated against HPV, was not associated with inten-
tions. It should be noted that the level of perceived behavioral con-
trol in our samples was sufficiently high that access to the
vaccination may not have been an issue for our participants. In
samples or contexts where people entertain relatively low per-
ceived behavioral control, this variable may still be relevant. Our
results demonstrate that in parental (other-directed) health deci-
sions, attitudes showed the strongest association with intentions,
while subjective norms and perceived behavioral control were less
strongly associated. This finding provides a refined perspective on
TPB pathways in parental health decisions and can inform inter-
ventions to support vaccination uptake. However, without an em-
pirical comparison of self- and other-directed decisions, pathway
differences remain to be explored in future work.
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Model 2: TPB and HBM

In line with HBM, we found that high perceived risk of HPV infec-
tion and high perceived effectiveness of HPV vaccination were posi-
tively associated with parents’ attitudes and intentions to vaccinate
their children, while high perceived risk of HPV vaccination was neg-
atively associated with both (e.g., Gerend & Shepherd, 2012; Newman
et al., 2018; Santhanes et al., 2018). In our SEM analysis, we observed
similar associations. All three HBM variables were associated with
parents’ HPV vaccination attitudes, which, in turn, were positively
associated with vaccination intentions. Our results align with previous
findings that link high-risk evaluations of HPV infection and low-risk
perception of HPV vaccination (Karafillakis et al., 2019; Newman
et al., 2018), and high perceived vaccination benefits (e.g., effective-
ness of the vaccination; Brewer & Fazekas, 2007; Santhanes et al.,
2018) to high HPV vaccination intentions. Extending the TPB per-
spective, these data show that risk-benefit perceptions underlie vacci-
nation attitudes, the strongest correlate of intentions in our data.

Model 3: TPB1HBM1 Other Empirical Variables

Expanding the model to include additional correlates of atti-
tudes and intentions identified in prior research provided further
insights into vaccination attitudes, but did not substantially

enhance the explanation of vaccination intentions compared with
the more parsimonious TPB þ HBM models (Model 2). The rela-
tionships between TPB and HBM variables and vaccination inten-
tions in Model 3 were consistent with the results from Model
2. Further correlates were: Anticipated regret, communication dif-
ficulties, presumed knowledge, trust in institutions, and CM.

Anticipated Regret. High anticipated regret of not vaccinat-
ing one’s child who then catches the HPV infection (i.e., regret for
children not getting vaccinated and getting infected with HPV)
was positively associated with parents’ HPV vaccination inten-
tions, and high regret of the HPV vaccination (i.e., regret for chil-
dren getting vaccinated against HPV and suffering from adverse
effects) was negatively associated, aligning with a prior study in
Italy (Caso et al., 2022) and a meta-analysis comparing anticipated
regret of inaction vs. action (Brewer et al., 2016). These relation-
ships remained in our SEM. In conclusion, anticipated regret was
associated with parents’ HPV vaccination intentions across all three
countries, but its impact was relatively weaker in comparison to
parents’ attitudes toward HPV vaccination and their perceived norms.

Communication Difficulties. In line with our hypothesis,
SEM analysis showed that communication difficulties about sexu-
ally transmitted diseases were linked to perceived behavioral con-
trol, which prior research found to be associated with lower

Figure 2
Path Diagram of Model 4, Predicting Vaccination Behavior for the U.S. and U.K. Samples

Note. CFI = Comparative Fit Index; RMSEA = Root Mean Square Error of Approximation; SRMR = Standardized Root Mean Square Residual; PNFI
= Parsimonious Normed Fit Index. Standardized regression coefficients are displayed for significant paths only. Nonsignificant paths are shown as dashed
lines. For a figure including all regression coefficients, see Supplemental Material H. See the online article for the color version of this figure.
* p < .05. ** p < .01. *** p < .001.
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parental vaccination behavior (Gross et al., 2015). However, con-
trary to findings from self-directed vaccination studies, where per-
ceived behavioral control was associated with vaccination
intention (e.g., Gerend & Shepherd, 2012; Xiao & Wong, 2020), it
was not associated with reduced vaccination intention in our sam-
ple; rather attitudes and subjective norms were pivotal. This high-
lights the importance of distinguishing between self- and other-
directed decisions and suggests TPB mechanisms may differ
between parental (other-directed) and self-vaccination decisions.
HPV-Related Knowledge. In contrast to previous studies

(Bendik et al., 2011; Newman et al., 2018), our findings revealed
only a weak positive association between high parents’ tested
knowledge about HPV vaccination and their vaccination inten-
tions, with no such association for tested knowledge about HPV
infection. Neither of the tested knowledge constructs was associ-
ated with parents’ attitudes toward HPV vaccination in the SEM.
Like prior research (Krawczyk et al., 2013), presumed knowledge
about HPV vaccination exhibited a weak association with vaccina-
tion intentions, while tested knowledge showed no relation to vac-
cination intentions. These findings suggest that parents form their
vaccination attitudes based more on how informed they feel, not
based on how informed they actually are.
Trust in Science, Health Care Institutions, and

Doctors. Consistent with prior research (Karafillakis et al.,
2019), we observed positive correlations between high trust varia-
bles and parents’ HPV vaccination attitudes and intentions across
all countries. However, in the SEMs, only trust in institutions was
positively associated with vaccination attitudes, which suggests
that when it comes to the effect of trust on vaccination attitudes,
health care institutions take center stage.
Conspiracy Beliefs and Mentality. Our study supports the

established link between conspiracy beliefs and vaccine hesitancy
(Hornsey et al., 2018; Jolley & Douglas, 2014; Shapiro et al.,
2018). Both vaccine conspiracy beliefs and CM were negatively
related to HPV vaccination attitudes and intentions. However, in
our SEM vaccine conspiracy beliefs were not associated with vac-
cination attitudes, while CM was positively associated. This sug-
gests that factors such as perceived risk of the HPV infection and
of getting vaccinated, and effectiveness of the HPV vaccination
are the decisive variables associated with parents’ attitudes, rather
than belief in vaccine CTs. Interestingly, CM was only positively
associated with HPV vaccination attitudes when we controlled for
other factors, such as trust in health care institutions, perceived
risk of HPV vaccination, and belief in vaccine CTs. Vaccine CTs
typically involve low trust in institutions and high perceived risk
of vaccination (Shapiro et al., 2018). Once we control for these
factors, we may be left with individuals who base their judgments
about conspiracies on empirical evidence. Because there are CTs
supported by empirical evidence (Imhoff & Bruder, 2014), indi-
viduals with high CM may respond positively to empirical evi-
dence supporting vaccination. However, this interpretation is
speculative and requires longitudinal studies.

Predicting HPV Vaccination Behavior Measured 1 Year
Later

One year after the initial survey, we measured parents’ actual
vaccination behavior in the United States and United Kingdom,
thereby extending Model 3 to include actual vaccination behavior.

Consistent with previous findings on the applicability of the TPB
(Ajzen, 1991) in the prediction of HPV vaccination intentions and
behavior (Gerend & Shepherd, 2012), we observed a positive asso-
ciation of HPV vaccination intentions with vaccination behavior
(r 5 .49). These results are similar to the average reported
intention-behavior relation (r 5 .53) in previous prospective stud-
ies (review by Sheeran, 2002). Similar observations concerning
intentions and behavior (r 5 .52) have been made in the general
health domain (Hagger et al., 2022) and concerning COVID-19
vaccination intentions and behavior (r 5 .39; Servidio et al.,
2022). The intention-behavior relation in our study and related
work can be considered medium-sized to large according to com-
mon standards (Cohen, 1992). These findings indicate that parents
with strong HPV vaccination intentions are relatively more likely
to follow through with vaccinating their children. When predicting
vaccination behavior 1 year later, most of the relationships
between TPB and HBM variables and vaccination intentions were
consistent with the results from Models 2 and 3. In contrast to
Model 3, trust in science negatively predicted vaccination attitudes
and vaccination behavior. CM no longer positively predicted vac-
cination attitudes. In addition, tested knowledge about the vaccina-
tion positively predicted vaccination behavior while not being a
contributor to vaccination attitudes at T1.

Trust in Science

Several factors may explain the negative association between
trust in science with parents’ HPV vaccination attitudes and
behavior. First, this finding could be due to a suboptimal SEM fit.
However, other studies working with SEMs to model predictions
of vaccination intentions and behavior showed a similar pattern of
model-fit and correlations between the predictors as our study
(Gerend & Shepherd, 2012; Hagger et al., 2022). Second, it is pos-
sible that participants had varying interpretations of what “sci-
ence” means, especially those who distrust doctors or health care
institutions. Although all trust variables in our study showed
strong positive zero-order correlations with positive vaccination
attitudes, the relation between trust and both attitudes and behavior
in the SEM after controlling for other variables, such as risk per-
ceptions, was much weaker (see Figure 1). This suggests that high
trust in science, health care institutions, and doctors is related to
higher perceived risk of HPV and lower perceived risk of HPV
vaccination, which predicts a positive attitude toward HPV vacci-
nation. Longitudinal and experimental studies will be needed to
clarify causality.

HPV-Related Tested Knowledge

Consistent with prior meta-analyses examining the relationship
between tested knowledge and vaccination behavior (Bednarczyk,
2019; Kombe Kombe et al., 2020), our results indicate that tested
HPV vaccination knowledge is positively associated with vaccina-
tion behavior 1 year later (T2). However, tested HPV vaccination
knowledge was not associated with vaccination attitudes at the first
time point (T1) of the study. This suggests that parents who are
more correctly informed about the HPV vaccination at the first
time point are more likely to vaccinate their children 1 year later
(T2), regardless of their attitudes toward the vaccine at T1. Over-
all, our findings suggest that although the TPB and HBM frame-
works are valuable for understanding the cognitive and social
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factors influencing vaccination decisions, actual vaccination
behavior 1 year later may be influenced by a broader set of factors,
including trust in science and vaccine knowledge.

Generalizability, Limitations, and Future Research

Although the United States, United Kingdom, and Germany dif-
fer in their health care systems, vaccination procedures, and lan-
guage, our findings suggest that the psychological mechanisms
underlying HPV vaccination decisions are robust across these con-
texts (Anderson et al., 2022; Bl€umel et al., 2022; CDC, 2021; NHS,
2023; Rice et al., 2020; RKI, 2025). Central cognitive predictors
such as attitudes, subjective norms, and perceived behavioral con-
trol appear to operate independently of structural factors like the
number of required doses, vaccine delivery mode, or health care fi-
nancing. Thus, interventions targeting TPB and HBM variables
may be broadly applicable across diverse health care systems.
Looking ahead, experimental research will be needed to confirm

the proposed causal links and develop interventions that strengthen
parents’ attitudes, intentions, and knowledge about HPV vaccination.
One promising approach is Negative Mental Contrasting (Kim et al.,
2025; Yang et al., 2023, see also Oettingen et al., 2010), a self-
regulatory strategy that turns negative, fearful fantasies about illness
into preventive motivation by highlighting the value of what could
be lost if people did not change their behavior. Negative Mental
Contrasting interventions could enhance knowledge, understand-
ing of HPV’s impact, and appreciation of vaccination benefits,
potentially improving attitudes, intentions, and behaviors.
Further limitations should be considered: First, the participants

had a predominantly white, educated, industrialized, rich, and
democratic (see Henrich et al. (2010) background and tilted to-
ward the left of the political spectrum. In addition, our results only
apply to parents who are familiar with HPV and the HPV vaccina-
tion but have not already vaccinated their children. Thus, findings
may not generalize to different populations or regions, especially
low- and middle-income countries where vaccination uptake may
have a greater impact (Brisson et al., 2020).
Second, our follow-up measurement of vaccination behavior was

limited to only the United States and United Kingdom, and relied on
participants’ self-reported behavior. Although we statistically con-
trolled for social desirability bias and expect minimal recall error after
1 year, self-report measures remain susceptible to inaccuracies. More-
over, substantial research highlights the intention-behavior gap
(Sheeran & Webb, 2016) in vaccination (e.g., daCosta DiBonaventura
& Chapman, 2005; Gibson et al., 2021); some parents who intended to
vaccinate may not have followed through. Although attitudes and per-
ceived norms predicted intention similarly across all three countries
studied, it is uncertain whether parental vaccination behavior in Ger-
many aligns as closely with intentions as in the United States and
United Kingdom. Further research is needed to directly assess this rela-
tionship in the German context.
Third, the 1-year-follow-up was chosen to reduce variance from

annual events such as school-based vaccination campaigns, sea-
sonal holidays, and variable appointment availability. Also, it is a
reasonable timeframe to observe if parents have acted on their ini-
tial intentions, as the HPV vaccine schedule can often be initiated
and even completed within a year. At the same time, the timeframe
is short enough to reduce recall errors compared with multiyear
follow-ups. Still, because the HPV vaccine can require multiple

doses over months, 1 year may not capture full series completion
for those who initiate late. The 1-year timeframe also does not
reflect long-term changes in access and trust related to policy or
social shifts.

Fourth, our study did not capture the children’s perspectives,
though these likely influence vaccination uptake and could moder-
ate parent-driven decisions, as communication difficulties were a
correlate of parental perceived behavioral control, nor did we
directly compare self- and other-directed decisions, important
topics for future research.

Implications and Conclusion

The findings of this study highlight the utility of the TPB in
modeling parents’ HPV vaccination intentions, with attitudes and
subjective norms emerging as the strongest correlates. Perceived
risks of HPV vaccination and infection and perceived benefits of
the HPV vaccination, variables derived from the HBM, are related
to attitudes. Expanding the model to include additional factors
such as trust in health care providers and institutions, conspiracy
beliefs, and knowledge about HPV vaccination provided further
insights into vaccination attitudes. Yet these variables did not sub-
stantially improve the model’s explanatory power in vaccination
intentions over the simpler models. Importantly, these patterns
were consistent across the United States, United Kingdom, and
Germany. Thus, we speculate that the psychological mechanisms
underlying HPV vaccination decisions may be generalizable rather
than country-specific. Interestingly, when examining actual vacci-
nation behavior 1 year later in the United States and United King-
dom, trust in science and knowledge about the vaccination emerged
as direct predictors, despite not being strong contributors to attitudes
or intentions. Our results suggest that although TPB and HBM
frameworks are valuable for understanding the cognitive and social
factors influencing vaccination decisions, a broader set of factors,
such as trust in science and vaccine knowledge, seem to be directly
relevant for actual behavior 1 year later. Altogether, our results imply
that public health campaigns, provider communication, and educa-
tional initiatives should emphasize HPV infection risk and vaccine
effectiveness while addressing safety concerns. This approach may
help to strengthen positive HPV vaccination attitudes and close the
attitude–intention gap. Enhancing HPV vaccination knowledge may
further increase uptake beyond this pathway. Given the consistency
of findings across countries, we trust that such interventions may be
broadly effective in raising vaccination rates and reducing HPV-
related cancer risks across countries.

Abstracto

Objetivo: Este estudio compara tres modelos de intenciones de vacunación
contra el VPH (HPV, por sus siglas en inglés) por parte de los padres en
Estados Unidos, Reino Unido y Alemania: un modelo basado en la Teoría
del Comportamiento Planificado (TPB, por sus siglas en inglés), un
modelo que incorpora variables del Modelo de Creencias de Salud (HBM,
por sus siglas en inglés) y un modelo que añade factores identificados en
investigaciones empíricas previas. También examinamos si estos modelos
predicen el comportamiento de vacunación un año después en Estados
Unidos y el Reino Unido. El objetivo es proporcionar información útil para
el diseño de intervenciones específicas. Métodos: En un estudio en línea
preregistrado (Febrero-Marzo de 2023) se encuestó a 1088 padres de Estados
Unidos, Reino Unido y Alemania, midiendo variables relacionadas con la
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TPB (actitudes, normas subjetivas y control conductual percibido) y el HBM
(percepciones de riesgo y eficacia), así como factores identificados en
investigaciones empíricas previas (por ejemplo, conocimientos) e intenciones
de vacunación contra el HPV. Un año después, se contactó nuevamente a
625 participantes (de Estados Unidos y Reino Unido) para evaluar su
comportamiento de vacunación. Resultados: El modelado de ecuaciones
estructurales (SEM, por sus siglas en inglés) reveló que la TPB explicaba
el 77% de la varianza de las intenciones de vacunación. Las variables del
HBM se asociaron con las actitudes (85% de la varianza explicada). Las
intenciones de vacunación, la confianza en la ciencia y el conocimiento
sobre la vacuna contra el HPV predijeron el comportamiento de
vacunación un año después (25% de la varianza explicada). Conclusión:
La TPB se asoció fuertemente con la intención de vacunación parental
contra el HPV, siendo las actitudes y las normas factores clave. Las
variables del HBM se asociaron con las actitudes, pero no mejoraron las
predicciones de comportamiento. La confianza en la ciencia y el
conocimiento sobre el HPV predijeron directamente el comportamiento
de vacunación un año después. Estos hallazgos sugieren que las
intervenciones deben centrarse en las variables de la TPB y el HBM para
moldear las intenciones y actitudes, a la vez que fomentan el
conocimiento sobre la vacunación para mantener el comportamiento a
largo plazo.
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