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Abstract
Background Anti-vaccination attitudes are important predic-
tors of vaccination behavior. Existing measures of vaccination
attitudes focus on specific age groups and/or particular vac-
cines; a more comprehensive measure would facilitate com-
parisons across studies.
Purpose The aim of this study was to develop a short measure
of general vaccination attitudes and establish its reliability and
validity.
Methods Two studies were conducted using the VAX scale.
For Study 1, participants were 409 individuals (53% female),
with a mean age of 34.5 years. For Study 2, participants were
92 individuals (67% female) with a mean age of 28.6.
Participants answered paper-and-pencil questions about their
attitudes toward vaccines, prior and expected-future vaccina-
tion behaviors, perceived sensitivity to medicines, online be-
havior, and basic demographic information. Exploratory and
confirmatory factor analyses were conducted with correlations
and t tests then used to assess the scale’s reliability and
validity.
Results Four distinct but correlated vaccine attitudes were
identified: (1) mistrust of vaccine benefit, (2) worries about
unforeseen future effects, (3) concerns about commercial
profiteering, and (4) preference for natural immunity. These
factors were significantly related to prior vaccination behav-
ior, future intentions to obtain recommended vaccinations,

perceived sensitivity to medicines, and the tendency to obtain
health information online.
Conclusions The VAX scale provides an efficient method for
identifying those with vaccination resistance, and the four
subscales enable a more nuanced understanding of the nature
of those views. It should be noted, however, that the strong
correlations amongst the four subscales suggest that interven-
tions should target all four attitude areas, and it remains to be
seen whether differential emphasis across the four areas is
warranted.
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Despite the demonstrated effectiveness of vaccines for reduc-
ing the mortality and morbidity of communicable diseases,
vaccination rates are on the decline in many areas of the world
[1, 2]. This has led to a commensurate resurgence of diseases
thought to be largely controlled or eradicated [3, 4]. Recently,
refusal to vaccinate has been related to outbreaks of whooping
cough, measles, and other vaccine preventable illnesses [5, 6].

Failure to vaccinate is an important health behavior, but it is
important to recognize that individuals may have arrived at
this decision through quite different pathways. In certain
cases, factors such as forgetfulness or not having enough time
to obtain the vaccination may be primary drivers of the behav-
ior. For other individuals, failure to vaccinate may reflect gen-
eral concerns about unnatural medical interventions [7, 8], or
specific concerns such as the safety of vaccines, or mistrust of
the motivations of pharmaceutical companies or others who
promote vaccines [9–11, 12].
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Understanding the attitudes that underlie vaccine refusal or
hesitancy is important for predicting vaccination behavior and
also for developing effective interventions or public health
campaigns. Identifying the most prominent concern driving
vaccine refusal can help target interventions, as individuals
who are concerned about vaccine safety, for example, are un-
likely to be influenced by messages directed at changing be-
liefs about the effectiveness of vaccines for reducing the like-
lihood of contracting a specific infectious disease.

Existing vaccine scales often focus on particular populations
or specific vaccines, and since most vaccinations occur during
childhood, it is not surprising that multiple scales focus on pa-
rental decisions about their children’s vaccinations. For example,
the Attitudes and Behaviors Regarding Vaccination Decisions
[13] focuses specifically on parental concerns about vaccinating
children aged 1–6 years. Similarly, the Parent Attitudes about

Childhood Vaccines survey [14] and the most recent Vaccine
Hesitancy Scale [15] also exclusively target parental attitudes
toward having children vaccinated against diseases.

Other vaccine scales are specific to particular vaccines. For
example, the HIV Vaccine Attitudes Scale [16] is directed spe-
cifically at attitudes toward a HIV vaccine, and the Carolina
HPV Immunization Attitudes and Beliefs Scale (CHIAS) [17]
is an HPV-specific instrument, although it has recently been
widened from its original parent-focus for use with young
women [18]. Currently, no multifaceted tool exists for
assessing general attitudes toward vaccinations as a health
intervention. And, although attitudes toward vaccination cer-
tainly vary by vaccine type, there is reason to believe that
negative attitudes may co-occur [19] and thus a single mea-
sure may be the most efficient way to identify individuals with
vaccine-related concerns.

Table 1 Demographic
characteristics and descriptive
information

Study 1 Study 2

Sex

Male 46.9% 32.6%

Female 53.1% 67.4%

Education

1–5 years 0.8% 0%

6–8 years 0.8% 21.7%

9–12 years 3.9% 71.7%

Some college 61.4% 4.3%

Bachelor’s degree 27.6% 2.2%

Master’s degree or more 5.5% 0%

Time spent viewing news per day

None 8.7% 10.9%

1 min–1 h 48.1% 44.5%

1–2 h 16.4% 35.2%

120+ min 26.8% 9.4%

Behaviors, intentions, and additional characteristics Study 1 Study 2

Yes No Yes No

Got flu shot this year 28.9% 71.1% 47.8% 52.2%

Will get flu shot next year 34.4% 65.6% 47.8% 52.2%

Child got flu shot this year 31.3% 68.7% 38.2% 61.8%

Child will get flu shot next year 37.5% 62.5% 41.3% 58.7%

Ever declined rec. vaccine, self 0.3% 69.7%

Ever declined rec. vaccine, child 21.8% 78.2% 19.5% 80.5%

Mean SD Mean SD

Age 34.5 11.2 28.6 8.2

Self-rated health 3.48 0.92 3.39 0.91

Preference for Online Health Info 3.13 1.24 3.20 1.24

Sensitivity to medicines 2.45 1.36 2.44 1.47

VAX 2.77 1.02 3.20 0.90

PACV 3.84 0.44

Likelihood of Ebola vaccine 4.80 1.53 4.91 1.60

Likelihood of Bird-flu vaccine 4.63 1.52 4.65 1.46
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Thus, the aims of the present study were (1) to develop and
validate a short measure of general vaccination attitudes, the
Vaccination Attitudes Examination (VAX) scale; (2) to test the
usefulness of the VAX scale (or subscales) for predicting vac-
cination behavior; and (3) to test the degree to which various
facets of negative vaccination perceptions covary. A high de-
gree of covariation would suggest that interventions ought to
be broad in scope, targeting all potential concerns, whereas
less covariation would suggest that interventions that are more
specifically targeted at individual concerns might be more
effective, as they could address existing worries without intro-
ducing new ones. These aims were addressed in two separate
studies. The first study utilized exploratory factor analysis to
reduce the number of items in the scale and to identify sub-
scales; and established initial reliability and validity. The sec-
ond study employed confirmatory factor analysis and demon-
strated the reliability and validity of the scale in a different
sample.

Study 1 Method

Participants

Participants were 409 individuals (53% female) with a mean
age of 34.5 years. Of these, most were community-living
adults (87%) from the west coast of the USA and the remain-
ing 13% were students enrolled in an undergraduate psychol-
ogy class at a small, liberal arts university in the same geo-
graphic area. Three hundred and thirty-five participants had
completed at least some college and 166 were parents. Basic
demographics and other descriptive statistics are found in
Table 1.

Nonstudent participants were recruited through in-person
contacts in the proximity of grocery stores, pharmacies, gyms,
and yoga studios. Undergraduate students were enrolled
through the psychology department’s research participation
pool, and they received class credit for their participation.
No compensation was given to nonstudent participants, but
they were provided with information on how to obtain results
from the study upon its completion.

The study was approved by La Sierra University’s
Institutional Review Board (#LSU-1505), and all participants
gave informed consent prior to entering the study. All data
were then collected using an anonymous, self-report question-
naire in which the Vaccination Attitude Examination (VAX)
scale items were listed first, followed by the validation items
and demographics.

Vaccination Attitude Examination Scale Items

To create the initial item pool, we first conducted three focus
groups using individuals recruited from the waiting rooms of

private physician offices. The first focus group was comprised
of five individuals self-identified as favoring vaccinations
(one male); the second and third groups were comprised of
five (one male) and four (all female) individuals who self-
identified as vaccine-hesitant. The only criterion for inclusion
in a focus group was willingness to spend the ~30 min re-
quired for the group meeting, and groups were purposely
structured to be homogeneous and small in order to maximize
likelihood of candid disclosure. This portion of the study was
IRB-approved (#LSU-1505) and participants who gave in-
formed consent at the physician’s office prior to the group
meeting. The first author led all focus groups, and discussions
were audiotaped for later transcription.

There were five structured questions that were used for
each group. These questions were “When you hear the word
‘vaccination’ what comes to mind?”, “What specific benefits
do vaccinations have, in your view?”, “What specific con-
cerns do you have about vaccinations?”, “What do you think
about the scientific evidence for the safety and effectiveness of
vaccinations?”, and “How do the important people in your life
feel about vaccinations?”. Following transcription, statements
were organized into groups based on similarity by two inde-
pendent raters; the emergent themes were then combined with
(1) information derived from a thorough review of the litera-
ture (using the PsycINFO® and MEDLINE® databases, and
including examination of the reference lists of all identified
articles) on attitudes toward vaccinations and (2) an informal
evaluation of the content of anti-vaccination websites and
blogs to create an initial item-list which was then reviewed
by both authors and two additional colleagues for clarity and
inclusivity. Although one item was especially complex (“al-
though most vaccines appear to be safe, there may be prob-
lems that we haven’t yet discovered”), it was retained because
it was seen as a belief that a vaccine-positive person would
feel comfortable endorsing. The final item list used for the
exploratory factor analysis was comprised of 45 items. Items
were presented in the form of statements, with responses on a
6-point Likert-type scale ranging from “strongly agree” to
“strongly disagree.” Higher scores reflect stronger anti-
vaccination attitudes, with 15 of the initial 45 items being
reverse coded.

Validation Measures

Vaccination Behavior and Intention

Prior vaccination behavior was assessed with three dichoto-
mous (yes/no) items asking (1) whether the respondent had
received an influenza vaccination in the prior year, (2) whether
her/his child(ren) had received an influenza vaccination in the
prior year, and (3) whether the respondent had ever refused or
elected to forego a doctor-recommended vaccine for her/his
child. Vaccination intentions were also assessed with two
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dichotomous (yes/no) items asking (1) whether the respondent
expected to get an influenza vaccine in the coming year and
(2) whether the respondent expected that her/his child(ren)
would receive an influenza vaccine in the coming year. Each
of the child-related items included a “not applicable” response
option for nonparents. In addition, respondents were asked
about the likelihood (on a 6-point scale, from “very unlikely”
to “very likely”) of their getting vaccinated against (1) bird-flu
and (2) Ebola should there be an outbreak in their geographic
area and a vaccine available to protect against contracting the
disease.

Sensitivity to Medicines

The 5-item Perceived Sensitivity to Medicines Scale [20] was
used to assess perceptions of susceptibility to potential ad-
verse effects of medication. Participants rated their level of

agreement with each of the items (e.g., “My body is very
sensitive to medicines”) on a 6-point Likert-type scale ranging
from strongly agree to strongly disagree. Higher perceived
sensitivity to medicine scores have been associated with great-
er information seeking about medication and higher symptom
reporting [21].

Current Health

Perceived current level of health was assessed with a
single item drawn from the General Health Perceptions
Scale [22]: “In general, would you say your health is…”
The item has five response options ranging from “poor”
to “excellent,” and it has been shown to correlate well
with more lengthy and objective measures of health
status.

Table 2 Study 1 VAX scale items factor loading matrix (EFA)

Items Mistrust of vaccine
benefit

Worries about unforeseen
future effects

Concerns about commercial
profiteering

Preference for natural
immunity

I feel safe after being vaccinated (–) .799 .212 .056 .113

I can rely on vaccines to stop serious
infectious diseases (–)

.711 .120 .103 .082

I feel protected after getting vaccinated (–) .761 .219 .095 .158

Although most vaccines appear to be safe,
there may be problems that we have
not yet discovered.

.142 .809 .088 .226

Vaccines can cause unforeseen problems in
children.

.227 .723 .015 .179

I worry about the unknown effects of
vaccines in the future.

.139 .677 .009 .282

Vaccines make a lot of money for pharmaceutical
companies, but do not do much for regular
people.

.202 .107 .602 .152

Authorities promote vaccination for financial
gain, not for people’s health.

.251 .153 .631 .140

Vaccination programs are a big con. .286 .099 .789 .132

Natural immunity lasts longer than a vaccination. .112 .140 .158 .652

Natural exposure to viruses and germs gives
the safest protection.

.081 .122 .125 .727

Being exposed to diseases naturally is safer for
the immune system than being exposed
through vaccination.

.190 .165 .103 .608

Factor loadings representative of a particular factor appear in boldface

Table 3 Alpha reliabilities,
means, and standard deviations
for VAX subscales

Study 1 Study 2

Mean SD Cronbach’s α Mean SD Cronbach’s α

Trust/mistrust of vaccine benefit 2.28 1.34 .92 2.41 1.19 .91

Worries over unforeseen future effects 3.28 1.50 .89 4.19 1.23 .77

Concerns about commercial profiteering 2.38 1.47 .93 2.83 1.07 .85

Preference for natural immunity 3.14 1.42 .86 3.38 1.19 .78
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Media

Two additional media-related items relevant to vaccination
attitudes were also included (1) amount of time spent per
day viewing the news, including television, online news pro-
grams, and news articles—this was a free-response question
and responses were converted to minutes and then converted
to an 8-point scale ranging from “0” to “120+” minutes—(2)
preference for getting health information online, scored on a
6-point Likert-type scale that ranged from “never” to
“always.”

Statistical Analyses

All analyses were conducted using R 3.3.2 for Windows.
An initial exploratory factor analysis (EFA) with diago-
nally weighted least squares (DWLS) estimation was con-
ducted, followed by correlations and t tests to assess as-
sociations between the VAX scale and the validation
measures.

Study 1 Results

The exploratory factor analysis was conducted using all 45
items in the revised item pool. To determine the number of
factors to extract, parallel analysis [23] (appropriate for
Likert-type data, using polychoric correlation matrices)
[24] with 100 simulations was used. Four eigenvalues
exceeded those of their parallel factors’ average eigen-
values and thus four factors were retained. Items were then
reviewed and retained for a given factor if they loaded at
least .60 on that factor and not more than .30 on any addi-
tional factor(s). These items and their factor loadings are
found in Table 2. Each item loads strongly (at least .60) on
its designated factor and has a low association (not more
than .30) with the others. The decision was made to retain

the items that best reflected the underlying subscales, re-
gardless of the direction of their wording; thus, although
the initial 45-item pool contained 30 positively worded
items, the final scale contains only three positively worded
items. The four factors or subscales, each comprised of
three items, are found in Table 3.

We next examined the associations amongst the VAX sub-
scale scores. Although the four factors were distinct, theywere
highly correlated with one another (rs ranging from .61 to .78)
indicating that within individuals, holding one negative view
of vaccines was associated with holding other negative per-
ceptions. Because of the high degree of inter-scale correlation,
we combined the subscales into a single VAX score for subse-
quent analyses.

We found thatVAX scale scores were significantly higher in
those individuals who had not had an influenza vaccine in the
prior year (MVAX = 2.92, SD = 1.30) compared to those who
had (MVAX = 2.34, SD = 1.08), t(406) = −4.125, p < .001,
d = 0.48, 95% CI [−0.852, −0.302]. There were also signifi-
cant differences in VAX score between those who intended not
to be vaccinated this year (MVAX = 3.08, SD = 1.33) vs. those
who said they would (MVAX = 2.14, SD = 0.90),
t(406) = −7.476, p < .001, d = 0.83, 95% CI [−1.184,-
0.691]. Parents whose children had received an influenza vac-
cination in the prior year had significantly lower VAX scores
(MVAX = 2.03, SD = 0.84) than those whose children had not
(MVAX = 3.43, SD = 1.41), t(156) = −7.170, p < .001, d = 1.21,
95% CI [−1.784, −1.014], and the same was true for those
who said their child would receive a flu vaccine in the coming
year (MVAX = 2.05, SD = 0.90) as compared with those who
said their children would not (MVAX = 3.46, SD = 1.37),
t(157) = −7.322, p < .001, d = 1.22, 95% CI [−1.789, −1.029].

We next examined vaccine refusal behavior and found
those participants who said that they had previously refused
a doctor’s recommended vaccine for their child also had sig-
nificantly higher VAX scores (MVAX = 4.09, SD = 1.31) com-
pared with those who had never refused a recommended

Fig. 1 VAX scale scores (mean,
SE), vaccination behavior, and
intentions (Study 1)
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vaccine for their child (MVAX = 2.49, SD = 1.15),
t(164) = 7.363, p < .001, d = 1.30, 95% CI [1.175, 2.036]
(see Fig. 1). Those with higher VAX scale scores also reported
being less likely to get vaccinated against Ebola r(408) = −.49,
p < .001 and bird flu r(408) = −.53, p < .001 if outbreaks
should occur and vaccines were available.

VAX scale scores were not related to education level (al-
though it should be noted that the range on education was
somewhat restricted in this sample), self-rated health, or self-
reported time per day spent viewing the news. However, VAX
scale scores did strongly correlate with a perceived sensitivity
to medicines and also preferences for getting health informa-
tion online (see Table 4).

Study 2 Method

Participants

Participants were 92 individuals (67% female) with a mean
age of 28.6 years. Of these, all were community-living adults
from the west coast of the USA. Only two participants had
completed a bachelor’s degree; most had at least some high
school (72%) but few had attended any college. Seventy-two
percent of participants were parents. Basic demographics and
other descriptive statistics are found in Table 1.

Participants were recruited through in-person contacts in
the proximity of grocery stores and at public laundry facilities.
Because two waves of data collection were requested, partic-
ipants were offered a single entry into a drawing for an Apple
iPod nano as a token of appreciation for their time. The first

wave of data was collected immediately following consent
(IRB approval #LSU-1505), using an anonymous, self-
report questionnaire that included an identifying “code name”
of the participant’s choosing. Participants also provided an
email address to which a link was sent 4 weeks after the initial
contact. Participants who clicked on the link were directed to a
Google Form that contained the 12 VAX scale items only. Of
the initially recruited 92 participants, 63 completed both
waves of data collection.

Vaccination Attitude Scale and Validation Measures

The 12 items of the Vaccination Attitude Examination (VAX)
scale, previously described (Study 1), were administered to
evaluate general attitudes toward vaccinations. These items
appeared first on the questionnaire, followed by validation
measures and demographic questions.

The 8-item subscale assessing beliefs about the safety and
efficacy of childhood vaccinations from the Parent Attitudes
about Childhood Vaccines (PACV) [14] was also included in
this study as a validation measure for the VAX scale. The
PACV was designed to identify vaccine-hesitant parents with
under-immunized young children. Seven of the items are
scored on a 5-point, Likert scale with varying anchors; the
eighth is on a 3-point scale (“yes,” “no,” and “do not know”).

Additional validation measures included prior vaccination
behavior, vaccination intentions, the Perceived Sensitivity to
Medicines Scale [20], the General Health Perceptions Scale
[22], and two media-related items (time per day viewing the
news and preference for getting health information online) as
described for Study 1.

Table 4 Correlation matrix showing interrelationships between the VAX scale and relevant demographic and health-related variables

VAX Education Self-rated health Time viewing news Sensitivity to medicines Health info online

VAX –

Education –

Study 1 −.09
Study2 −.11
Self-rated health –

Study 1 .00 .03

Study 2 .00 −.03
Time viewing news –

Study 1 −.02 .05 −.02
Study 2 .06 −.08 .06

Sensitivity to medicines –

Study 1 .55** .05 −.17** −.05
Study 2 .37** −.01 −.24* .11

Health info online –

Study 1 .51** .06 −.06 .09 .41**

Study 2 .32** .07 .03 .10 .25*

*p < .05; **p < .01
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Statistical Analyses

All analyses were conducted using R 3.3.2 for Windows;
Lavaan was employed for the confirmatory factor analysis
(CFA). As before, the factor analysis was followed by corre-
lations and t tests to evaluate test-retest reliability and associ-
ations between the VAX scale and the validation measures.

Study 2 Results

Using a diagonally weighted least squares (DWLS) algorithm,
a CFA was conducted on the 12 items previously selected as
comprising the VAX scale. The Normed Fit Index (NFI) indi-
cated good model fit (.97) and the Tucker-Lewis Index (TLI),
which has a greater penalty for complexity, indicated accept-
able model fit (.94); thus, the expected four factors were
retained. The means, standard deviations, and alpha reliabilities
for the VAX subscales in Study 2 (all of which were comprised
of the same items as described in Study 1) are found in Table 3.

As in Study 1, we next examined the associations amongst
the VAX subscale scores. As before, although the four factors
were distinct, they were highly correlated with one another (rs
ranging from .65 to .75), and so, we again combined the sub-
scales into a single VAX score for subsequent analyses.

We next assessed test-retest reliability by correlating VAX
scale scores at the time of recruitment with scores approxi-
mately 1 month later (30–38 days). Consistency over time was
high (r(61) = .84, p < .001), suggesting that this tool reliably
measures the underlying construct of vaccination attitudes.

Next, convergent validity was evaluated by correlating the
VAX with the PACV safety-efficacy subscale. The more global
VAX measure correlated well (r(90) = .42, p < .001) with the
child-specific PACV subscale, providing further support for
the validity of the VAX scale.

Finally, we replicated the analyses relating VAX scores to the
behavioral and attitudinal validation measures. Results were
consistent with findings from Study 1, with significantly higher
VAX scale scores observed for those who had not had an influ-
enza vaccine in the prior year (MVAX = 3.55, SD = 0.96) com-
pared to those who had (MVAX = 2.82, SD = 0.65),
t(90) = −2.98, p < .001, d = 0.89, 95% CI [−1.224, −0.236],
and between those who did not intend to be vaccinated this year
(MVAX = 3.61, SD = 0.92) and those who intended to be vacci-
nated (MVAX = 2.75, SD = 0.64), t(90) = −3.70, p < .001,
d = 1.09, 95% CI [−0.395,-1.342]. Similar patterns were seen
for parents—those whose children had received an influenza
vaccination in the prior year had significantly lower VAX scores
(MVAX = 2.14, SD = 0.87) than those whose children had not
(MVAX = 3.45, SD = 1.02), t(64) = −7.205, p < .001, d = 1.38,
95% CI [−1.661, −0.919], and the same was true for those who
said their child would receive a flu vaccine in the coming year
(MVAX = 2.20, SD = 0.95) as compared with those who said

their children would not (MVAX = 3.61, SD = 1.42),
t(64) = −7.298, p < .001, d = 1.17, 95% CI [−1.742, −1.009].

Regarding refusal of a doctor-recommended vaccination,
trends were consistent with Study 1 findings, but in this sample
here were no statistically significant differences in VAX scores
between those who had previously refused a doctor’s recom-
mended vaccine for their child (MVAX = 3.51, SD = 0.70) and
those who had not (MVAX = 3.20, SD = 0.98), t(64) = 0.61,
p = .55, g = 0.43, 95% CI [−1.102, 0.655]. An additional anal-
ysis, not included in Study 1, was a comparison of those who
had refused a doctor-recommended vaccination for themselves,
and this also showed no significant differences between those
who previously had (MVAX = 3.43, SD = 0.74) and those who
had not (MVAX = 3.18, SD = 1.10), t(90) = −0.66, p = .51,
g = 0.30, 95% CI [−1.032, 0.527] although, again, the trend
was in the expected direction. It should be noted that fewer
individuals reported child-vaccine refusal in this study than in
Study 1. Additionally, consistent with findings from Study 1,
those with higher VAX scale scores also reported being less
likely to get vaccinated against Ebola r(90) = −.53, p < .001
and bird flu r(90) = −.48, p < .001 if outbreaks should occur and
vaccines were available.

VAX scale scores were not related to education level (although
it should be noted that the range on education was somewhat
restricted in this study, too, this time in the direction of lower
education levels), self-rated health, or self-reported time per day
spent viewing the news. However, VAX scale scores did strongly
correlate with a perceived sensitivity to medicines and also pref-
erences for getting health information online (see Table 3).

Discussion

The goals of the study were to develop a short tool for
assessing general vaccination attitudes, establish its reliability
and validity, and evaluate its effectiveness for predicting vac-
cination behavior. The 12-item VAX scale is short, has high
internal consistency reliability, and comprises four distinct but
correlated factors: mistrust of vaccine benefit, worries about
unforeseen future effects, concerns about commercial
profiteering, and a preference for natural immunity.
Although different enough to warrant maintaining them as
individual factors, these four factors reflect differences in con-
cerns about vaccination and perceived utility reflected by the
Necessity-Concerns Framework [25]. Scores on the VAX scale
also correlate highly with perceived sensitivity to medicines,
another indicator of personal concern about how one’s body
might react to substances recommended by health care pro-
viders. Beliefs about the necessity of medicines and concerns
about those medicines have been found in meta-analytic stud-
ies to be relevant to medication adherence [26, 27], and ad-
herence to vaccination recommendations is likely no different.
Indeed, the VAX scale is significantly associated with previous
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vaccination behavior and refusal, as well as intentions to re-
ceive future vaccines either for oneself or for one’s children.
Future research with this measure should address the degree to
which these associations are robust relative to other factors
such as vaccine type, cost, and accessibility.

The scale is likely to be useful for identifying individuals
who are unlikely to get vaccinated and for identifying their
strongest objections regarding vaccination. From a public
health perspective, the strong correlations amongst subscales
suggest that interventions and public healthmessages aimed at
changing attitudes toward vaccination should likely be broad
in scope and cover the four main concerns identified in the
present scale. This does not mean, however, that there may be
no value in emphasizing area(s) of particular concern for in-
dividuals. The VAX subscales now allow the possibility to
explore empirically whether an inclusive approach that places
special emphasis on one or more of the four dimensions might
be more effective than an approach that gives equal weight to
each of the four dimensions.

The VAX scale is unrelated to level of schooling completed
both in the highly educated Study 1 sample and the less-
educated Study 2 sample, and is also uncorrelated with self-
reported health and time spent viewing news reports. It is,
however, strongly and significantly correlated with the ten-
dency to obtain health information online. This suggests an
interesting possibility—that anti-vaccination attitudes are, at
least in some cases, a facet of a more broad skepticism and
conspiratorial ideology [28, 29] fueled by websites and online
data that reflect misinformation about vaccines [30–32]. This
would also fit with prior findings that parents’ social networks
predict vaccination decisions and that the internet is a more
important network source for nonvaccinators than for those
who vaccinate their children [33].

The diversity of the samples in which this investigation was
conducted is a clear strength of the study. The first sample was
comprised of nearly equal numbers of women and men, a wide
age-range, and approximately 41% parents; the second sample
was two-thirds female, younger, and had a higher proportion
(72%) of parents. In the first sample, participants were more
highly educated than average, which was initially viewed as a
strength because vaccine reluctance was expected to be higher
in the more educated and affluent. This overrepresentation of
highly educated individuals was viewed as optimizing the op-
portunity for identifying the entire range of negative vaccine
attitudes in this more-likely resistant group. With the inclusion
of the second sample, however, we found that the less-educated
group actually expressed more hesitancy toward vaccines than
did the better-educated group. And yet, with regard to reports of
behaviors and intentions, this same group was more likely to
express that they had followed vaccination recommendations
and would continue to do so. That is, although they appeared to
be quite concerned about various negative possibilities related
to vaccines, they were less likely to actively disregard medical

recommendations. Thus, although hesitancy is related to inten-
tions and behaviors in both groups, the link between the two
appears stronger for the better-educated, making them a partic-
ularly important group to target for intervention.

In sum, the VAX scale is a short and simple tool that has
demonstrated significant associations with vaccination behav-
iors and intentions. As such, it provides an efficient method
for identifying those with vaccination resistance and, using
subscale scores, enables a more nuanced understanding of
the nature of those views. It should be noted, however, that
the strong correlations amongst the four subscales indicate
that the most appropriate approach may be to calculate and
use the overall VAX scale score and that interventions should
target all four attitude areas, and it remains to be seen whether
differential emphasis on the four areas is warranted.
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