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Aims: Over the past 2 years, the vaccine conspiracy beliefs construct has been used in
a number of different studies. These publications have assessed the determinants and
outcomes of vaccine conspiracy beliefs using, in some cases, pooled data from different
countries, and compared the results across these contexts. However, studies often
do not consider measurement invariance as a necessary requirement for comparative
analyses. Therefore, the aim of this study was to develop and evaluate the cross-
cultural Ml of the COVID-19 Vaccine Conspiracy Beliefs Scale (COVID-VCBS) in 12 Latin
American countries.

Methods: Confirmatory factor analysis, item response theory analysis and alignment
method were applied to test measurement invariance in a large number of groups.
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Results: The COVID-VCBS showed robust psychometric properties and measurement
invariance for both factor loadings and crosstabs. Also, a higher level of acceptance of
conspiracy beliefs about vaccines is necessary to respond to higher response categories.
Similarly, greater acceptance of conspiracy beliefs about COVID-19 vaccines was related
to a lower intention to be vaccinated.

Conclusion: The results allow for improved understanding of conspiracy beliefs about
COVID-19 vaccines in the countries assessed; furthermore, they provide researchers
and practitioners with an invariant measure that they can use in cross-cultural studies in
Latin America. However, further studies are needed to test invariance in other countries,
with the goal of developing a truly international measure of conspiracy beliefs about

CQOVID-19 vaccines.

Keywords: conspiracy beliefs, COVID-19, invariance, Latin America, vaccines

INTRODUCTION

The current COVID-19 pandemic has had unprecedented
negative health, social, and economic impacts (1) and has led to,
as of January 10, 2022, more than 300 million confirmed cases
of COVID-19, with more than 5 million deaths resulting from
the disease (2). In this context, timely development of effective
vaccines and their equitable distribution is the best strategy to
reduce the negative impact of COVID-19 (3). However, for this
to reach its full effect, vaccination programs need to achieve
herd immunity. Evidence from previous pandemics showed that
vaccinating 80-90% of the population established herd immunity
(4). For COVID-19 variants of concern such as Alpha, the
threshold for herd immunity is around 80% (5), whereas it may
be higher for variants such as Delta (6). These estimates may vary
by country and infection rate (7). However, a major barrier to
achieving this goal is the high prevalence vaccine rejection, which
has been a problem that has appeared in previous pandemics,
such as the HIN1 outbreak (8) and which hinders year after
year the prevention of seasonal influenza (9). It has recently
been indicated that refusal or hesitancy to receive a COVID-19
vaccination showed a level of <30% of the general population,
where the lowest refusal rates were found in Ecuador (3%),
Malaysia (5.7%), Indonesia (6.7%) and China (8.7%); whereas,
the highest rates of refusal or hesitancy were found in Kuwait
(76.4%), Jordan (71.6%), Italy (46.3), Russia (45.1%), Poland
(43.7%), the United States (43.1%) and France (41.4%) (10).
Refusal or hesitancy to accept the vaccine is more common
in developing countries (11), such as those in Latin America.
Thus, a study in six Latin American countries (Argentina, Brazil,
Chile, Colombia, Mexico, and Peru) reported that only 59%
of respondents would accept a vaccination against COVID-19
(12); while other research conducted in Latin America and the
Caribbean indicated that about 81.2% of participants were afraid
of adverse effects from the COVID-19 vaccine (13).

Increased refusal to receive a vaccine is related to
misinformation about the importance, safety or efficacy of
vaccines (14). The fear and uncertainty that have accompanied
the COVID-19 pandemic have fostered a rapid spread of

misinformation, along with the adoption of conspiracy beliefs
in a significant portion of the world’s population (15-17).
Conspiracy beliefs can be defined as a set of false beliefs in which
an event is believed to be an organized plot by multiple actors
working together with a defined goal, which is often illegal and
secret (18).

Specifically, doubts or refusals to be vaccinated against
COVID-19 have been related to the belief that vaccine production
was too fast, that the risks of vaccination outweigh the
benefits, and that vaccines are a strategy of large pharmaceutical
companies to increase their profits (19). In addition, cover-ups of
the health risks associated with vaccination and that vaccination
is part of a plot to implant microchips or quantum dot software
to control and track the world’s population have been mentioned
(17, 20). Other erroneous claims suggest that the SARS-CoV-
2 virus was created in a lab as a biological weapon and that
messenger RNA vaccines cause infertility (15, 21).

The presence of conspiracy beliefs is negatively associated with
adherence to preventive behaviors against COVID-19 (22, 23). It
has been suggested that people with conspiratorial beliefs about
COVID-19 tend to feel alienated and distrustful; in addition,
they are more focused on their own personal well-being, and less
concerned about the well-being of others (24). The distrust felt
by people who support conspiracy beliefs toward vaccines would
be related to negative attitudes toward powerful groups, such
as medical or political institutions (25). In a sense, conspiracy
beliefs seem to protect people who support these ideas from the
anxiety and distress associated with death, leading them to deny
the problem of COVID-19 infection as a coping mechanism and,
therefore, to refuse the vaccine (26).

Despite concerns about the increase in fake news about
vaccines and recent outbreaks of new variants of COVID-19,
there is a paucity of research examining conspiracies about
COVID-19 vaccines in Latin America (27). In this sense, having
a standardized and validated measure for the Latin American
context will allow for a better understanding of the impact of
vaccine conspiracy beliefs on rates of refusal, hesitancy, and
acceptance of COVID-19 vaccines. There are measures that assess
conspiracy beliefs generally, not necessarily related to vaccines
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(28-30) and others associated with vaccines (31, 32). However,
as far as is known from the literature, there is no scale that
explicitly assesses conspiracy beliefs about COVID-19 vaccines
invariantly (i.e., in the same way) across a diverse group of Latin
American countries.

Most studies that design and evaluate the psychometric
properties of measurement instruments are based on Classical
Test Theory (CTT) criteria (33). This has also been observed
in the psychometric evaluation of other scales assessing
conspiratorial beliefs in general and about vaccines (29, 30, 32).
Although CTT is an established approach for the construction
and psychometric evaluation of measurement instruments in
psychology and other sciences, it also has some methodological
limitations. Thus, for example, scale and item statistics, such as
item difficulty and reliability, depend on the sample; whereas, the
score an individual obtains is influenced by the characteristics of
the test (34). Thus, in addition to CTT, Item Response Theory
(IRT) is often used for the development and evaluation of
measurement instruments (35). IRT models allow for describing
the relationship between an individual’s response to an item,
the individual’s ability, and item characteristics such as difficulty
and discrimination; moreover, IRT models are useful for
dichotomous and polytomous variables (36, 37). One of the
main advantages of IRT models is that the model parameters are
independent of the study sample; in addition, standard errors can
be calculated separately according to each person’s ability (34).

The application of IRT models may vary according to the
item scoring methods (dichotomous and polytomous) or the
number of factors assessed by the measure (unidimensional and
multidimensional). One of the most commonly used models
for polytomous items is the Graduated Response Model (GRM)
(38), which assumes that the response categories of an item
can be ordered and uses the totality of information from each
item response to better measure people (39). Despite their
limitations, CTT procedures have the advantage that they can
be performed without requiring very large samples; whereas
IRT-based procedures require larger samples (34). Despite the
advantages of IRT over CTT, there are also similarities. Thus,
the difficulty and discriminative power indices of CTT, and the
difficulty (b) and discrimination (a) parameters of ITR have the
same meanings reciprocally. On the other hand, it has been
suggested that IRT is derived from CTT, and that the latter is a
very simple form of IRT. The widespread use of IRT models in
Latin America is relatively recent and still limited in scope (40).
However, the relationships between IRT and CTT are very useful
for a better understanding of both approaches and to facilitate
future well-informed applications (41).

While measures of conspiracy beliefs have been used
in cross-cultural studies (42, 43) few have assessed cross-
cultural measurement invariance (29). To our knowledge,
previous studies that have assessed conspiracy beliefs about
vaccines or antivaccine attitudes in different countries have not
assessed cross-cultural measurement invariance (44). However,
instruments that measure specific conspiracy beliefs, as in the
case of vaccination, are highly associated with particular temporal
and geographic contexts (29). In this sense, the comparability
of an instrument measuring vaccine conspiracy beliefs across

countries is a crucial problem and a growing need (45), as
multinational studies can use the instrument to compare such
beliefs across countries. Thus, measurement invariance (MI) is
a necessary prerequisite for comparisons (46), since the absence
of MI renders it impossible to know whether the presence or
absence of differences in a construct (in this case, conspiracy
beliefs about COVID-19 vaccines) between groups is a result of
actual differences in the construct itself or is generated by the
psychometric characteristics of the instrument. Having different
meanings or interpretations of the construct, differences in the
degree of social desirability, different responses to extreme items,
having items that are more applicable to one group than to
another, or an incorrect translation of the items can lead to an
absence of MI (47). Although MI has been a suggested procedure
as part of cross-cultural studies for years (48), instruments
showing this evidence are still scarce (49).

Multigroup confirmatory factor analysis (MGCFA) has been
the traditional method for assessing MI (50). MGCFA is based
on the idea that comparisons between groups are appropriate as
long as the instrument used measures exactly the same thing (51).
For this, the MGCFA evaluates three levels of MI: (1) configural
invariance, which evaluates whether or not the construct presents
the same factor structure across groups; (2) metric invariance,
where factor loadings, defined as the strength of the association
between each item and the construct that it measures, are equal
across groups and; (3) scalar invariance, which requires equality
in factor loadings and item intercepts (which is understood as
the expected score in people who present an average level in
the measured construct) (52). The importance of the invariance
analysis lies in determining whether the instrument measures
the same construct in all groups. Likewise, the different levels
of invariance indicate whether or not certain comparisons can
be made. The presence of metric invariance would allow for the
comparison of covariances and regression coefficients between
groups; whereas, scalar invariance would also allow for the
comparison of latent means (53). However, MGCFA has also
received criticism (54, 55). Thus, it is considered that the
MGCEFA is too strict and rejects models that can be comparable,
especially in cross-national studies comparing a large number
of groups (51). The likelihood of not meeting some equivalence
principles, and thus failing to achieve full MI, increases as the
number of groups increases (50). Looking for an alternative
to the MGCFA problem in cross-national studies, the Multi-
Group Factor Analysis Alignment method (CFA-MIAL) was
recently developed (54). The CFA-MIAL can estimate means
without the need to restrict factor loadings and intercepts to
equality between groups. This method evaluates the invariance of
factor loadings and intercepts simultaneously and considers that
they do not necessarily have to be identical between culturally
diverse groups; moreover, it assumes that the number of non-
invariant parameters and the degree of non-invariance can
be minimal (54). This allows the CFA-MIAL to identify an
invariant pattern among different groups and estimate means
and variances considering the actual differences in factor loadings
and intercepts. Although CFA-MIAL is a recent and little used
procedure (54), it is an alternative that can automate and simplify
MI (56).
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Having an invariant measure across different countries is
even more important considering that some countries may be
more attentive to conspiracy beliefs than others (57). Thus, it
is also suggested that conspiratorial thinking is not something
strange, but rather it is frequent and, therefore, it is considered
a cultural phenomenon shared by several countries. In this
sense, conspiracy theories are found all over the world and, so
far, no culture has been identified where conspiratorial beliefs
do not exist (58). However, not all individuals or cultures
accept conspiracy theories to the same extent. There are cultural
differences in the acceptance to conspiracy theories, especially
contexts of violence, exploitation or conflict between groups,
such as civil unrest, high and low trust cultural groups, as well as
power inequality between the elites and the common people (58).
These characteristics are common in Latin American countries,
where health systems have limited resources to cope with the
pandemic, there is a higher prevalence of chronic diseases, late
responses from populist governments, and high rates of poverty
and inequality (59, 60). In addition, Latin America is the region
with the worst satisfaction with democracy and with a high level
of social protest, originated by inequality of opportunities and
weak institutions (61).

While conspiracy beliefs about COVID-19 vaccines have been
previously studied in the Latin American context, these have
been assessed with measures of conspiracy beliefs about vaccines
in general, but not specifically referring to COVID-19 (62).
Therefore, the aim of this study was to develop and evaluate
the cross-cultural MI of the COVID-19 Vaccine Conspiracy
Beliefs Scale (COVID-VCBS) in 12 Latin American countries.
Specifically, evidence of construct validity, internal consistency
reliability, item discriminability and item difficulty, cross-cultural
measurement invariance and of validity relative to other variables
are evaluated. The evaluation of the evidence of construct
validity was performed based on CTT procedures (factor
structure, reliability, criterion validity) and IRT (evaluation of
item parameters [slopes and thresholds] in the observed response
patterns and the item characteristics curve). Evidence of validity
with other variables was assessed by the association between
conspiracy beliefs about COVID-19 vaccines and intention to be
vaccinated against COVID-19. Previous studies have shown that
rejection of conspiracy theories about COVID-19 in general and
about COVID vaccines in particular are significant predictors of
intention to be vaccinated against COVID-19 (25, 63-65). This is
to be expected, as conspiracy beliefs about vaccines can increase
vaccine hesitancy (31).

The present study contributes in several ways. First, it
is the first and largest study to assess the cross-cultural
measurement invariance of a measure of conspiracy beliefs
about the COVID-19 vaccine in Latin America to date.
Second, it assesses how these beliefs are related to fear of
COVID-19. Third, it assesses and compares, for the first
time in Latin America, conspiracy beliefs about vaccines
in a group of 13 countries, offering additional information
beyond that reported in a single country. Taken together, these
findings mark important step toward developing a broader
measure of conspiracy thinking about COVID-19 vaccines in
Latin America.

METHOD

Design

The present study has an instrumental design (66) since it
is focused on the validation and psychometric analysis of a
measurement instrument.

Participants

A total of 5,786 people residing in 13 Latin American countries
(Argentina, Bolivia, Chile, Colombia, Cuba, Ecuador, El Salvador,
Guatemala, Mexico, Paraguay, Peru, Uruguay, and Venezuela),
selected by non-probability convenience sampling, participated.
This type of sampling has been common among studies
conducted during the COVID-19 pandemic (67, 68), due to
restrictions on movement and interaction among individuals. To
participate in the study, one had to be of legal age and provide
informed consent.

The number of participants in each country ranged from 322
(Peru) to 747 (El Salvador). The sample size in each country for
the present study is in accordance with the recommendations
for confirmatory factor analysis and IRT, which were 300 and
375, respectively (67, 68). A total of 4,093 women and 1,687
men participated, with a mean age of 33.50 years old (SD =
13.4), where participants from Mexico were the youngest (M
= 25, SD = 8.68); whereas, participants from Guatemala had
the highest mean age (M = 44.04, SD = 13.62). In addition,
most participants were single (61.23%), had a stable job (47.91%),
and had completed university studies (47.08%). Finally, 52.56%
reported not having had COVID-19; however, 71.62% and
86.54% indicated having had family and friends infected by
COVID-19, respectively. Table1 shows, in more detail, the
sociodemographic information for each country.

Instruments

Sociodemographic Questionnaire

An ad hoc sociodemographic questionnaire was constructed
for this study which included sex, age, educational level,
employment status, marital status, COVID-19 diagnosis (self,
family and friends).

COVID-19 Vaccine Conspiracy Beliefs Scale (COVID-VCBS),
original Spanish title Escala de Creencias de Conspiracién de
Vacunas contra la COVID-19. This Spanish-language scale was
designed based on the Vaccine Conspiracy Beliefs Scale (VCBS)
(32) and assesses conspiratorial thinking about COVID-19
vaccines. The COVID-VCBS consists of 7 items, which have
7 response alternatives ranging from “strongly disagree” (1) to
“strongly agree” (7). The total score of the COVID-VCBS ranges
from 7 to 49, where higher values indicate a higher degree of
agreement with conspiracy beliefs.

The development of the COVID-VCBS was carried out in
different stages: First, the original VCBS, from which the COVID-
VCBS was developed, was translated from English to Spanish
using the back-translation method. For this, two independent
researchers, one familiar with the subject of COVID-19
vaccination and bilingual, and the other a professional translator,
translated the VCBS from English to Spanish. Then, two other
independent researchers unfamiliar with the first translation
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TABLE 1 | Sociodemographic Information of the Study Sample.

Variable Argentina Bolivia Chile Colombia Cuba Ecuador El Guatemala Mexico Paraguay Peru Uruguay Venezuela

(n=2369) (n=567) (n=453) (n=462) (n=334) (n=438) Salvador (n=420) (n =484) (n=417) (n=322) (n =393) (n = 386)
(n = 747)

Gender n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Male 108 (29.8) 143 (25.2) 139 (30.7) 139 (30.1) 103 (30.8) 127 (29.0) 200 (26.8) 123 (29.3) 153 (31.6) 125(30) 98(30.4) 120 (30.5) 109 (28.2)

Female 255 (70.3) 421 (74.3) 314 (69.3) 322 (69.7) 231 (69.2) 311 (71.0) 546 (73.1) 297 (70.7) 331 (68.4) 292 (70) 224 (69.6) 273 (69.5) 276 (71.5)

Other 0(0.0) 3(0.5) 0(0.0) 1(0.2) 0(0.0) 0(0.0) 1(0.1) 0(0.0) 0(0.0 0(0.0) 0(0.0) 0(0.0) 1(0.3

Marital status

Single 198 (54.6) 247 (43.6) 264 (58.3) 368 (79.7) 194 (58.1) 289 (66) 502 (67.2) 172 (41.0) 407 (84.1) 258 (61.9) 251 (78) 227 (57.8) 166 (43.0)

Married 74 (20.4) 223(393) 99 (21.9) 61(13.2) 64(19.2) 98(22.4) 167 (22.4) 179 (42.6) 57 (11.8) 94 (22.5) 45(14.0) 73(18.6) 146(378

Cohabiting 45 (12.4) 1(6.5) 61(135) 23(.0 65(19.5 22(.0) 40(5.4) 31(7.4) 7(1.5) 45(10.8) 21(6.5) 63(16.0) 22(5.7

Divorced 28 (7.7) 58(10.2) 24(5.9) 8(1.7) 8(2.4) 25(.7) 25(.4) 2969 13(2.7) 13(3.1) 4(1.2) 26 (6.6) 44 (11.4)

Widowed 18(5.0) 8(1.4) 5(1.1) 2(0.4) 3(0.9) 409 13(1.7)  9(2.1) 0(0.0) 7(1.7) 1(0.3) 4(1.0) 8(2.1)

Employment

Stable job 165 (45.5) 239 (42.2) 253 (55.8) 124 (26.8) 190 (56.9) 154 (35.2) 367 (49.1) 258 (61.4) 158 (32.6) 254 (60.9) 119 (37.0) 264 (67.2) 227 (58.8)

Temporary job 59 (16.3) 159 (28.0) 64 (14.1) 104 (22.5) (8.4) 103(23.5) 122 (16.3) 87 (20.7) 88(18.2) 85(20.4) 122(37.9) 51(13.0) 58(15.0)

Unemployed 87 (24.0) 150(265) 125 (27.6) 218(47 2) 114 (34.1) 159(363) 218(29.2) 44 (10.5) 226 (46.7) 70(16.8) 76(23.6) 68 (17.3) 67 (17.4)

Retired 52 (14.3) 9(3.4) 1(2.4) 6 (3.5) 2(0.6) 2(.0) 40((5.4) 31(74) 12(25) 8(1.9) 5(1.6) 10(2.5) 34(8.8)

Education

University 159 (43.8) 418 (73.7) 266 (58.7) 120 (26.0) 167 (50.0) 189 (43.2) 170 (22.8) 267 (63.6) 128 (26.4) 269 (64.5) 135 (41.9) 176 (44.8) 260 (67.4)

(complete)

University 137 (37.7) 85(15) 106 (23.4) 127 (27.5) 152 (45.5) 140 (32.0) 262 (35.1) 98 (23.3) 276 (57.0) 112 (26.9) 105 (32.6) 127 (32.3) 73(18.9)

(incomplete)

Vocational 17.(47)  42(7.4)  43(9.5) 53(11.5) 7(2.1) 125 3141 19@5) 35(7.2) 7(1.7) 2990 26(6.6) 19(4.9

school

(complete)

Vocational 2(0.6) 3(0.5) 6(1.3) 3(0.6) 2(0.6) 5(1.1) 2 (0.3 0(0.0) 1(0.2) 1(0.2) 7(2.2) 4(1.0) 1(0.9)

school

(incomplete)

High school 40 (11.0) 5(26) 28(6.2) 141305 5(1.5) 78(17.8) 164(22.0) 30(7.1) 39(8.1) 24(5.8) 39(12.1) 36(9.2) 28(7.9)

(complete)

Incomplete high 8 (2.2) 4(0.7) 409 18339 1(0.3) 15(3.4) 118(15.8) 6(1.4) 5(1.0) 4(1.0) 722 2461 5(1.3

school or lower

Had COVID-19

No 180 (49.6) 247 (43.6) 368 (81.2) 214 (46.3) 158 (47.3) 226 (51.6) 348 (46.6) 285 (67.9) 256 (52.9) 182 (43.6) 90 (28.0) 300 (76.3) 187 (48.4)

Most likely not 48 (13.2) 53(9.3) 35(7.7) 47(102) 24(7.2) 31(7.1) 68(9.1) 13(3.1) 47Q7) 2765 16(.0) 25(B.4) 27(7.0)

Most likely yes 25(6.9) 78(13.8) 6(1.3) 73(15.8) 55(16.5) 59(13.5) 181(24.2) 25(6.0) 46(9.5) 56(13.4) 68(21.1) 7(1.8) 59(15.3

Yes 110 (30.3) 189 (33.3) 44(9.7) 128 (27.7) 97 (29.0) 122 (27.9) 150 (20.1) 97 (23.1) 135 (27.9) 152 (36.5) 148 (46.0) 61 (15.5) 113 (29.3)

Relative had COVID-19

No 108 (29.8) 113(19.9) 187 (41.3) 115(24.9) 60(18.0) 111(25.3) 321 (43.0) 98 (23.3) 88(18.2) 73(17.5) 55(17.1) 223 (56.7) 90 (23.3)

Yes 255 (70.2) 454 (80.1) 266 (568.7) 347 (75.1) 274 (82.0) 327 (74.7) 426 (57.0) 322 (76.7) 396 (81.8) 344 (82.5) 267 (82.9) 170 (43.3) 296 (76.7)

Friend had COVID-19

No 25(6.9) 32(.6) 117(25.8) 70(15.2) 7(2.1) 77(17.6) 153(20.5) 16(3.8) 67(13.8) 20(4.8) 41(12.7) 129(32.8) 25(6.5)

Yes 338 (93.1) 535 (94.4) 336 (74.2) 392 (84.8) 327 (97.9) 361 (82.4) 594 (79.5) 404 (96.2) 417 (86.2) 397 (95.2) 281 (87.3) 264 (67.2) 361 (93.5)

(one a subject matter expert and the other a language expert)
translated the Spanish version back into English. A committee,
made up of the four translators and two subject matter experts,
members of the research team, analyzed all the translated
versions and the original version for possible inconsistencies.
Based on this evaluation, a harmonized and preliminary version
of the VCBS in Spanish was developed. Subsequently, the
preliminary version of the VCBS was administered to 10 people
to check the comprehensibility and readability of the items. A
report was prepared, which included information on doubts

about the interpretation of some items. The results of the pilot
evaluation were reviewed by the previous expert committee. No
modifications were suggested, which led to a final version of the
VCBS in Spanish.

For the design of the COVID-VCBS, the items of the VCBS
in Spanish were adapted to the context of the current COVID-19
pandemic. To this end, the term “COVID-19” was added to each
item. Thus, for example, the item “Pharmaceutical companies
hide the dangers of vaccines” was modified as “Pharmaceutical
companies hide the dangers of COVID-19 vaccines.” Then, a
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content analysis of the COVID-VCBS was performed which
included 14 expert judges (health professionals with experience
in the subject of vaccination) who were contacted through their
e-mails and asked to evaluate the clarity, coherence and relevance
of the 7 items. The criteria were scored between 0 (not at all
relevant/coherent/clear) and 3 (totally relevant/coherent/clear).
The final version of the COVID-VCBS was developed from these
evaluations. Table 2 presents the items of the original VCBS in
English, the VCBS in Spanish and the COVID-VCBS.

Single Item of Intention to Be Vaccinated Against
COVID-19

A single item was developed to measure intention to be
vaccinated (“How likely would it be that you decide to get
vaccinated against COVID-19?” [“;Qué tan probable seria que
decidiera vacunarse contra el COVID-19?”]), which had the
following response options: 1 = Not at all likely [nada probable],
2 = Not very likely [muy poco probable], 3 = Unsure [inseguro],
4 = Somewhat likely [algo probable] and 5 = Very likely [muy
probable]. A higher score on the single question would express a
greater intention to be vaccinated against COVID-19. During the
COVID-19 pandemic, the use of single-item measures to assess
intention to be vaccinated has been widespread (69, 70).

Procedure

Data collection was conducted during the COVID-19 pandemic
between September 15 and October 25, 2021. In that time period,
between 29 and 87% of people in the countries assessed were
either fully or partially vaccinated against COVID-19 (Our World
in Data, 2021). In Figure 1, the countries with the highest
proportion of people fully vaccinated against COVID-19 were
Chile (77%) and Uruguay (75%); while Guatemala had the lowest
proportion of fully vaccinated people (17%).

The data collection procedure was the same in the 13 countries
participating in the study and was carried out simultaneously
in all of them. For this, an online questionnaire was created
with Google Forms, which was distributed through social
media platforms (Facebook, Instagram and LinkedIn), personal
networks, and via email with the detailed objectives of the
study. The announcement included the Google Forms link
and provided all the instructions for completing the survey.
Participants were also asked to disseminate the survey link to
other personal and professional contacts. Participants took part
in the study voluntarily, giving informed consent after reading
the study objectives. No reward or financial compensation was
provided for participation. Participants were required to answer
all items in order to submit their responses. The study was
approved by the Ethics Committee of the Universidad Privada
del Norte in Peru (registration number: 20213002).

Data Analysis

First, the evidence of content validity of the items was evaluated
from three indicators (clarity, coherence and relevance) by
calculating Aiken’s V and their 95% confidence intervals
(95%CI). Aiken’s V allows for the quantification of content
validity as performed by a certain number of judges on the
importance of an item with respect to a characteristic being
evaluated, using the following mathematical formula, where X is

the average of the judges’ scores; 1 is the lowest score that can be
obtained and k is the difference between the highest and lowest
score. The score obtained ranges from 0 to 1, where values close
to 1 indicate a higher degree of agreement among the judges (72):

For the calculation of the confidence intervals (CI) the formula
was used where L and U represent the lower and upper limit
respectively; n is the number of judges; k is the difference between
the highest and lowest score that can be obtained; V is the value
of Aiken’s V; and, finally, z is the standard distribution that is
generally either 90, 95 or 99% (73):

2nkV + 22 — z\/4nkV(1 = V) + 22

2(nk + 22)
2nkV + 22 — z\/4nkV(1 — V) + 22
U =
2(nk + z2)

For the calculation of V and its CIs, the R code provided
by Ventura-Leon (74) was followed. As mentioned
before, the content analysis of the COVID-VCBS items
was performed by 14 expert judges who were contacted
through their e-mails and asked to evaluate the clarity,
coherence and relevance of the 7 items. The criteria
were scored between 0 (not relevant/coherent/clear [nada
relevante/coherente/claro]) y 3 (totally relevant/coherent/clear
[totalmente relevante/coherente/claro]). Values of V > 0.70 and
a lower limit of the 95% CI > 0.59 indicate a positive evaluation
of the items at the sample and population levels, respectively
(75). Second, item-level descriptive statistics were examined.
In addition to the mean and standard deviation, skewness
and kurtosis were calculated; values between—1 and +1 were
considered evidence of approximate univariate normality (76). A
confirmatory factor analysis (CFA) was then performed in each
country separately. The estimation method used was a robust
version of maximum likelihood (MLR), which controls for
non-normality of the data (77). To evaluate the fit, the following
approximate indices were considered: comparative fit index
(CFI), Tucker-Lewis index (TLI), root-mean-square error of
approximation (RMSEA) and standardized root-mean-squared
residual (SRMR). As a guide to interpretation, the following
values were considered as indicators of good fit: CFI >0.95, TLI
>0.95, RMSEA <0.06 and SRMR <0.08 (78).

Traditionally, measurement invariance has been examined
through multigroup CFA (79). However, this procedure is
not practical when there are many groups (as in the present
case), so the alignment method has been proposed as an
efficient alternative (54). This method starts estimating the
configural model, to which an optimization algorithm is then
applied to minimize the non-invariance at the level of factor
loadings and intercepts. In this way, it is possible to make
unbiased comparisons of the latent means. Following Fischer
and Carl (80), relatively strict tolerance criteria were set for
factor loadings (A = 0.40) and intercepts (v = 0.20). The
power of alignment was set at 0.25 for both parameters.
The level of invariance was evaluated with R’ one for each
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TABLE 2 | Original English version of the VCBS, Spanish version of the VCBS, Spanish version of the COVID-VCBS and English version of the COVID-VCBS.

Item Items from the original English Translation of the Items in the Spanish version of the English versién of the
version of the VCBS Spanish version of the VCBS COVID-VCBS COVID-VCBS
1 Vaccine safety data is often La informacion sobre la seguridad La informacién sobre la seguridad Information about the safety of
fabricated. de las vacunas a menudo se de las vacunas contra la COVID-19 vaccines is often
inventan. COVID-19a menudo se inventan. fabricated.
2 Immunizing children is harmful Vacunar a los nifos es perjudicial Vacunar a los ninos contra la Vaccinating children against
and this fact is covered up y este hecho esta ocultado COVID-19 es perjudicial y este COVID-19 is harmful and this fact
hecho esté ocultado. is covered up
3 Pharmaceutical companies cover Las empresas farmacéuticas Las empresas farmacéuticas Pharmaceutical companies cover
up the dangers of vaccines. ocultan los peligros de las ocultan los peligros de las up the dangers of COVID-19
vacunas vacunas contra la COVID-19. vaccines
4 People are deceived about Se engafia a las personas sobre Se engafa a las personas sobre People are being misled about the
vaccine efficacy. la eficacia de las vacunas la eficacia de las vacunas contra efficacy of COVID-19 vaccines
la COVID-19.
5 Vaccine efficacy data is often La informacion sobre la eficacia La informacién sobre la eficacia COVID-19 Vaccine efficacy
fabricated de las vacunas a menudo se de las vacunas contra la information is often fabricated
inventan COVID-19a menudo se inventan.
6 People are deceived about Se engana a las personas sobre Se engana a las personas sobre People are deceived about
vaccine safety. la seguridad de las vacunas la seguridad de las vacunas COVID-19 vaccine safety
contra la COVID-19.
7 The government is trying to cover El gobierno esta tratando de El gobierno esta tratando de The government is trying to cover

up the link between vaccines and
autism.

ocultar el vinculo entre las
vacunas y la aparicion de otras

ocultar el vinculo entre las
vacunas contra la COVID-19y la

up the link between COVID-19
vaccines and autism

enfermedades

aparicion de otras enfermedades

This translation followed a process of forward and back translation with a focus group to review the translated Spanish version.

parameter; values close to 1 indicate high invariance. Likewise,
the percentage of non-invariant parameters was examined,
for which a criterion of 25% was followed to consider the
scale as non-invariant (81). It should be noted that, according
to psychometric theory, intercept invariance is required to
make valid comparisons between groups (79). The fact that
intercepts are invariant means that two people with the same
level of the construct under study will tend to have the
same observed score regardless of the group to which they
belong (82).

After testing for approximate invariance, a graded response
model (GRM) was fitted to the total sample. The GRM, which is
part of the item response theory family, is a two-parameter model
for polytomous items (83). These parameters are discrimination
(a) and difficulty (b). One discrimination parameter is estimated
for each item and its interpretation is similar to that of factor
loadings in CFA. On the other hand, k-1 difficulty parameters (b)
are estimated for each item, where k is the number of response
options. Each b is interpreted as the level of the latent variable
at which the probability of answering higher response options
is 50%. The aforementioned parameters are estimated using
specialized software, which applies the mathematical models of
the GRM to the study data. In addition, with the estimated
a and b parameters, item information curves were obtained,
which show the psychometric quality of the items at different
levels of the construct studied. The concept of information in
the IRT is similar to the more traditional concept of reliability,
so the information curves can be interpreted as a graphical
representation of the reliability of the items in people with

different degrees of the variable under study, which in this case is
conspiratorial beliefs about vaccination (82). These information
functions are obtained from specialized formulas, as described in
Fraley et al. (84).

Subsequently, we sought evidence of validity based on
relationships with other variables. For this purpose, the
association between the COVID-VCBS and a single item of
intention to be vaccinated was examined. To control for possible
sources of measurement error, this analysis was performed with
a CFA. In order to construct a latent variable with the single
item of intention to be vaccinated, the procedure described
by Brown (85) was followed, setting the reliability of the
single indicator as 0.80 according to the recommendation of
Savalei (86).

Finally, comparisons were made between observed
COVID-VCBS scores across countries. Because large
sample sizes could lead to statistically significant results
even in the absence of practical significance, an approach
based on effect size was used. Specifically, Cohen’s d
was calculated between all country pairs and boxplots
were used for a visual inspection of the differences. As
a guide for interpretation, values of 0.20, 0.50 and 0.80
were considered as small, medium and large differences,
respectively (87).

All analyses were performed in R, version 4.0.3. In addition,
the following packages were used: lavaan 0.6-8 (for the single-
group CFAs), sirt 3.9-4 (for the approximate invariance analysis),
mirt 1.33.2 (for the GRM), rstatix 0.6.0 (for Cohen’s d) and
ggpubr 0.4.0 (for the boxplots).
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FIGURE 1 | Percentage of people vaccinated against COVID-19 by October 25, 2021 in participating countries based on data derived from Our World in Data (71).
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RESULTS

Preliminary Analyses

First, Table3 shows that all of the items in the COVID-
VCBS present V values > 0.79 and lower limits of Cls >
0.59. In this sense, all items are relevant (i.e., important and
should be included in the measurement of conspiracy beliefs),
representative of the construct they are intended to measure, as
well as clear and understandable. Table 4 shows the descriptive
statistics at the item level. As can be seen, in almost all countries
item 1 (“COVID-19 vaccines safety data are often fabricated”)
showed the largest mean. Likewise, in all cases the item means
were around 3 or 4.5, with variations between countries. It is also
observed that in most cases the skewness and kurtosis values were
within the range between —1 and +1, suggesting approximately
normal univariate distributions.

A CFA was then performed for each country. As shown in
Table 5, the fit was acceptable in each country separately, as well
as in the total sample. In all countries, with the exception of
Cuba, the lowest factor loading was for item 1. As for reliability,
there was generally consistency between the alpha and omega
coeflicients; the values ranged between 0.87 and 0.94.

Approximate Measurement Invariance

When examining the approximate invariance with the alignment
method, it was observed that the COVID-VCBS is invariant for
both factor loadings (R* = 0.996) and intercepts (R* = 0.998).
The first block of Table 6 corresponds to the invariance of factor

loadings; as can be seen, all of them were invariant between
countries (0% of non-invariant parameters). On the other hand,
in the second block, referring to the invariance of intercepts,
some invariant parameters are observed, which is indicated with
parentheses around the abbreviation of the countries. However,
this value (15.4%) was below the pre-established criterion of
25%, which leads to the conclusion that the intercepts show
approximate invariance. The latent means (which take Argentina
as the reference group) are also presented. As can be seen, Cuba
obtained the lowest mean, while the highest ones corresponded
to Peru and El Salvador.

Graded Response Model
Table 7 presents the parameters estimated with the GRM. As
can be seen, the lowest discrimination parameter (a) was that
of item 1, while the highest corresponded to item 6. This means
that item 6 best distinguishes between people with low and high
levels of conspiracy beliefs about the vaccine. For the difficulty
parameters (b), it can be seen that item 1 required more extreme
levels of the construct to select the first or last options. As for
item 2, this was only observed for the last response option (i.e.,
a level of conspiracy beliefs more than 2 SD above the mean was
required to have a 50% probability of selecting the last response
option). For the remaining items, the difficulty parameters were
very similar.

Using the GRM parameters, a series of item information
curves was constructed (Figure 2). These confirm that item 6 is
the most informative, while the least informative is item 1. Also,
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TABLE 3 | Aiken's V for assessing the clarity, consistency and relevance of the COVID-VCBS items.

Item Relevance Coherence Clarity
M SD \" CI95% M SD v Cl 95% M SD \" Cl 95%

1 2.71 0.47 0.90 0.75-0.97 2.57 0.65 0.86 0.69-0.94 2.71 0.47 0.90 0.75-0.97
2 2.50 0.52 0.83 0.66-0.93 2.21 0.58 0.74 0.59-0.86 2.21 0.43 0.74 0.56-0.86
3 2.64 0.74 0.88 0.72-0.96 2.71 0.73 0.90 0.75-0.97 2.64 0.74 0.88 0.72-0.96
4 2.36 0.63 0.79 0.61-0.90 2.43 0.51 0.81 0.64-0.91 2.50 0.52 0.83 0.66-0.93
5 2.86 0.36 0.95 0.81-0.99 2.71 0.61 0.90 0.75-0.97 2.50 0.76 0.83 0.66-0.93
6 2.57 0.51 0.86 0.69-0.94 2.79 0.43 0.93 0.78-0.98 2.79 0.43 0.93 0.78-0.98
7 2.36 0.63 0.79 0.61-0.90 2.21 0.58 0.74 0.56-0.86 2.36 0.63 0.79 0.61-0.90

M, mean; SD, standard deviation; V, Aiken's V; Cl, Confidence Interval.

the scale seems to be most informative (reliable) between ~ —1.5
and +2 SD.

Associative Validity

Based on a CFA, the COVID-VCBS total score showed a medium
correlation with the intention to be vaccinated, ¢ = —0.34,
95% CI: [—0.37, —0.31], p < 0.001. It is worth noting that this
measurement model obtained an adequate adjustment, CFI =
0.97, TLI = 0.96, RMSEA = 0.06, SRMR = 0.03.

Mean Comparison Across Countries

To complement the comparison of latent means made with the
alignment method, a comparison of observed means between
countries was also made. When comparing these, small and
negligible differences were observed in most cases. The largest
difference occurred between the scores of Cuba and El Salvador
(d = 0.83). In addition to this large difference, some medium
differences were also observed (the country with the lower mean
is mentioned first): between Argentina and Peru (d = 0.64),
between Argentina and El Salvador (d = 0.66), between Cuba and
Bolivia (d = 0.62), between Chile and Peru (d = 0.65), between
Chile and El Salvador (d = 0.67), between Cuba and Colombia (d
= 0.53), between Cuba and Ecuador (d = 0.63), between Cuba
and Guatemala (d = 0.62), between Cuba and Uruguay (d =
0.62), between Mexico and Peru (d = 0.63), between Mexico
and El Salvador (d = 0.64), between Paraguay and Peru (d =
0.53), and between Paraguay and El Salvador (d = 0.54). Figure 3
presents a graphical representation of the differences between
countries. It can be observed that Peru was one of the countries
with the highest level of conspiracy beliefs about the vaccine,
while the countries with the lowest average were Cuba and Chile.

DISCUSSION

For some years now, there has been a growing interest in
conducting research across cultures and/or countries (88).
However, conducting this type of study involves several
challenges. One of the main ones is related to the instruments
used and, specifically, to the limited number of studies that assess
the MI of a construct across countries (89). The assessment
and investigation of conspiracy beliefs about COVID-19 vaccines
is a particularly relevant issue during the current pandemic.

Even more so if there is a group of anti-vaccine individuals
who justify their behavior on conspiratorial views and without
demonstrating fear of the consequences of COVID-19 (87).
Therefore, the main objective of the present study was to
develop and evaluate the cross-cultural MI of the COVID-19
Vaccine Conspiracy Beliefs Scale (COVID-VCBS) in 13 Latin
American countries.

First, using the CFA, the unidimensional structure of the
COVID-VCBS in the 13 participating countries was confirmed.
This is similar to that reported in the VCBS from which
the COVID-VCBS is derived (32). The finding is consistent
with the assumption that conspiracy mentality is, in essence,
a unidimensional construct (29). Unidimensionality is a basic
assumption for validly calculating total scores, whether from
CTT more modern theories such as IRT (38, 90). Previously,
it has been suggested that it is sufficient to obtain a total score
that measures people’s tendency to engage in conspiratorial ideas
(29). In this sense, the items of the COVID-VCBS represent a
common underlying variable (or latent variable) and that allows
for obtaining an interpretable total score across countries (91).
Likewise, it is suggested that scores representing a single defined
attribute are needed to have an unambiguous interpretation,
and these scores should not be significantly influenced by other
variables. If multiple attributes are measured, it will not be
clear which of them should be used to report a particular score
(92). Likewise, the results confirm the adequate reliability of the
COVID-VCBS in all countries, with alpha and omega coefficient
values above 0.87. That is, the COVID-VCBS appears to provide
accurate scores in all countries participating in the study.

In addition, the present study tested the MI of the COVID-
VCBS in 13 countries. The approximate invariance results, using
the alignment method, confirmed the MI of the COVID-VCBS
for both factor loadings and intercepts. This suggests that the
COVID-VCBS is assessing the same underlying construct of
conspiracy beliefs about the COVID-19 vaccine at the level of the
13 Latin American countries. To the best of our knowledge from
the scientific literature, this is the first study to test the MI of a
measure of conspiracy beliefs about COVID-19 vaccines across
different countries. This type of finding helps to avoid inference
problems when comparing results from different countries and,
therefore, allows for more rigorous and robust conclusions
to be drawn in cross-cultural research on conspiracy beliefs.
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TABLE 4 | Item-level descriptive statistics of the COVID-VCBS items.

Country Statistic COVID-VCBS Items
1 2 3 4 5 6 7
Argentina (n = 363) M 3.69 2.47 3.24 2.96 3.07 2.98 2.84
SD 1.88 1.70 1.77 1.68 1.74 1.65 1.71
gt 0.07 1.02 0.40 0.54 0.44 0.52 0.60
92 —0.98 0.27 —0.70 —0.53 -0.77 —-0.47 —0.45
Bolivia (n = 567) M 3.73 3.25 3.88 3.78 3.56 3.59 3.56
SD 1.73 1.74 1.79 1.81 1.72 1.71 1.77
g1 0.10 0.37 0.06 0.15 0.26 0.23 0.18
g2 -0.78 —0.62 —0.76 -0.87 —0.68 -0.70 -0.79
Chile (n = 453) M 3.15 2.60 3.31 2.90 2.77 2.91 3.1
SD 1.94 1.74 1.81 1.78 1.71 1.80 1.90
g1 0.48 0.95 0.44 0.68 0.79 0.67 0.58
g2 —0.94 0.07 —0.70 —0.52 -0.29 —0.55 -0.76
Colombia (n = 462) M 3.89 2.92 3.58 3.53 3.50 3.48 3.70
SD 1.83 1.65 1.76 1.83 1.73 1.76 1.86
g7 —0.05 0.47 0.15 0.23 0.20 0.24 0.13
go -0.79 —0.50 -0.78 -0.87 -0.75 -0.77 -0.92
Cuba (n = 334) M 3.25 1.94 291 2.90 2.95 2.74 2.65
SD 1.87 1.43 1.73 1.81 1.78 1.68 1.70
g1 0.29 1.65 0.54 0.61 0.57 0.69 0.83
g2 —1.00 1.96 —0.58 —0.68 —0.70 —0.51 —0.09
Ecuador (n = 438) M 4.05 3.20 3.93 3.66 3.66 3.63 3.72
SD 1.90 1.87 1.90 1.93 1.89 1.91 1.86
gl —0.08 0.45 0.06 0.16 0.19 0.25 0.13
o -0.95 -0.79 —0.96 —1.06 -0.94 —0.91 —0.89
El Salvador (n = 747) M 414 3.72 4.07 3.82 3.87 3.86 4.00
SD 1.88 1.87 1.76 1.83 1.78 1.80 1.87
g1 —0.16 0.05 —0.09 0.05 -0.02 —0.01 -0.07
g2 —0.89 —0.92 -0.72 —0.85 -0.76 —0.80 —0.90
Guatemala (n = 420) M 4.15 3.07 3.88 3.54 3.73 3.62 3.53
SD 1.91 1.83 1.86 1.86 1.87 1.83 1.86
g1 -0.19 0.44 0.06 0.21 0.16 0.22 0.31
g2 —1.01 -0.75 —0.90 —0.92 —0.92 —0.83 —0.80
Mexico (n = 484) M 3.64 2.67 3.09 2.95 2.98 2.88 3.1
SD 1.90 1.67 1.72 1.80 1.73 1.69 1.78
gt 0.12 0.67 0.41 0.55 0.49 0.53 0.33
9o —0.99 —0.39 —0.64 —0.64 —0.64 —0.54 —0.89
Paraguay (n = 417) M 3.70 2.74 3.21 3.06 3.16 3.12 3.28
SD 1.97 1.67 1.73 1.74 1.75 1.74 1.72
g1 0.16 0.74 0.40 0.60 0.48 0.57 0.30
g2 -1.10 -0.12 —0.61 —0.40 —0.55 —0.38 —0.58
Peru (n = 322) M 4.16 3.46 3.99 3.93 3.93 3.98 3.88
SD 1.82 1.75 1.73 1.81 1.69 1.72 1.76
gt —0.20 0.15 -0.13 —0.09 -0.18 -0.18 —0.09
9o —-0.78 -0.71 -0.72 —0.83 —0.70 -0.72 —-0.74
Uruguay (n = 393) M 3.93 3.49 4.03 3.66 3.54 3.70 3.55
SD 1.92 1.76 1.83 1.87 1.83 1.91 1.86
g1 0.09 0.29 0.03 0.25 0.30 0.20 0.20
g2 —0.98 —0.58 —0.84 —0.88 -0.79 —0.99 —0.90
(Continued)
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TABLE 4 | Continued

Country Statistic COVID-VCBS Items
1 2 3 4 5 6 7

Venezuela (0 = 386) M 3.59 3.33 3.76 3.32 3.37 3.37 3.74
SD 1.98 1.91 1.94 1.88 1.90 1.93 1.95
gl 0.23 0.37 0.16 0.47 0.38 0.42 0.18
e -1.10 -0.87 -1.07 -0.79 —0.91 —0.89 —1.03

Overall (n = 5,786) M 3.79 3.04 3.64 3.42 3.42 3.40 3.48
SD 1.91 1.81 1.83 1.86 1.81 1.82 1.86
gl 0.05 0.51 0.17 0.31 0.29 0.31 0.25
92 —1.00 —0.65 —0.85 -0.87 -0.83 —0.81 -0.88

M, Mean; SD, Standard Deviation; g1, Skewness; g2, Kurtosis.

TABLE 5 | Single-group confirmatory factor analyses and internal consistency reliability of the COVID-VCBS.

Country Fit indices Factor loadings o ®
x? df p CFI TLI RMSEA SRMR 1 2 3 4 5 6 7

Argentina 30.48 14 0.007 0.98 0.97 0.06 0.03 0.49 0.61 0.73 0.88 0.86 0.90 0.70 0.89 0.89
Bolivia 48.40 14 <0.001 0.97 0.95 0.07 0.03 0.51 0.55 0.74 0.87 0.84 0.88 0.70 0.89 0.89
Chile 40.83 14 <0.001 0.98 0.97 0.07 0.02 0.62 0.72 0.82 0.89 0.89 0.93 0.80 0.93 0.93
Colombia 54.26 14 <0.001 0.96 0.94 0.08 0.04 0.52 0.59 0.78 0.87 0.86 0.91 0.78 0.91 0.91
Cuba 17.55 14 0.228 1.00 0.99 0.03 0.02 0.70 0.58 0.81 0.91 0.90 0.92 0.75 0.92 0.93
Ecuador 4713 14 <0.001 0.96 0.95 0.07 0.03 0.46 0.69 0.80 0.86 0.80 0.86 0.87 0.91 0.91
El Salvador 60.23 14 <0.001 0.96 0.95 0.07 0.03 0.44 0.55 0.69 0.84 0.82 0.86 0.71 0.87 0.87
Guatemala 53.16 14 <0.001 0.95 0.93 0.08 0.03 0.41 0.58 0.73 0.86 0.79 0.87 0.72 0.87 0.88
Mexico 41.47 14 <0.001 0.97 0.96 0.06 0.03 0.45 0.61 0.77 0.87 0.84 0.89 0.78 0.89 0.90
Paraguay 15.25 14 0.361 1.00 1.00 0.01 0.02 0.46 0.66 0.78 0.84 0.81 0.85 0.76 0.89 0.89
Peru 4112 14 <0.001 0.95 0.93 0.08 0.04 0.51 0.66 0.70 0.78 0.86 0.82 0.77 0.89 0.89
Uruguay 36.71 14 0.001 0.98 0.97 0.06 0.02 0.63 0.78 0.86 0.91 0.90 0.92 0.81 0.94 0.94
Venezuela 43.91 14 <0.001 0.97 0.95 0.07 0.03 0.49 0.63 0.78 0.87 0.90 0.91 0.66 0.90 0.90
Overall 339.68 14 <0.001 0.97 0.96 0.06 0.02 0.52 0.64 0.77 0.87 0.85 0.89 0.76 0.90 0.91

Furthermore, this study is the first to employ the alignment
method to assess the MI of a conspiracy belief scale. This is
a novel statistical approach to test MI in a large number of
groups, in this case, 13 Latin American countries. As expected,
the factor loadings of the items demonstrated a greater amount
of invariance compared to the crosstabs (93). Specifically, items
3, 4 and 6 were the most invariant and dealt with the efficacy and
safety of COVID-19 vaccines. Currently, beliefs about vaccine
safety and efficacy are important predictors of the decision
to be vaccinated against COVID-19 in the global population
(94). This should lead policymakers to build confidence in the
safety and efficacy of COVID-19 vaccines offered to the general
population in Latin American countries. Given that there is
still uncertainty about the risks of vaccines against COVID-
19, information without scientific evidence provided by some
media about vaccines can cause fear in people and lead to
refusal of vaccination. In this regard, there is a need to educate
the media and the general public that information without
scientific evidence is not a valid way to determine the safety

or efficacy of COVID-19 vaccines. The use of the alignment
method allows for MI testing and comparison of latent means
in large-scale data, something that is difficult to achieve with the
MGCFA method. Handling data in a large number of groups,
allows for testing for invariance in different subpopulations
within countries and cohorts (95). Estimation and comparison
of latent means can be performed even though the measures
are not fully or partially invariant (96). Thus, the alignment
method significantly simplifies comparative analyses, but does
not prevent it from producing unbiased statistical estimates of
group means, with significance tests adjusting for sampling errors
and missing data (95).

Once the MI was tested, the analysis of the discrimination and
difficulty parameters, using IRT, provides further information on
the performance of the COVID-VCBS items. Item 6 (“People are
misled about the safety of COVID-19 vaccines”) presented the
highest discrimination parameter, indicating that this item can
generate very varied responses, ranging from strongly disagree
to strongly agree, in people with different levels of conspiracy
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TABLE 6 | Approximate measurement invariance of the COVID-VCBS using the alignment method.

Parameters Items Countries R’ %
Factor loadings 1 AR BO CL CO (6]V] EC SV GT MX PY PE uy VE 0.996 0.0
2 AR BO CL CO CuU EC SV GT MX PY PE Uy VE
3 AR BO CL CO cu EC SV GT MX PY PE 6)% VE
4 AR BO CL CO cu EC SV GT MX PY PE 6)% VE
5 AR BO CL CO cu EC SV GT MX PY PE )4 VE
6 AR BO CL CO cu EC SiY GT MX PY PE uy VE
7 AR BO CL CO cu EC SiY GT MX PY PE uYy VE
Intercepts 1 AR BO cL CO cu EC SiY (G MX PY PE (UY) (VE) 0.998 15.4
2 AR (BO) CL CO (CY) EC (sv) GT MX PY PE 6)% (VE)
3 AR BO CL CO cu EC SiY GT MX PY PE 6)% VE
4 AR (BO) CL CO CuU EC SV GT MX PY PE Uy VE
5 AR BO CL CO CuU EC SV GT MX PY PE (UY) VE
6 AR BO CL CO cu EC SV GT MX PY PE )% VE
7 (AR) BO CL CO (CL) EC Y% GT MX PY PE uy) (VE)
Factor means 0.00 0.38 -0.05 0.32 -0.15 042 056 0.41 -0.05 007 062 046 025

Non-invariant parameters are presented in parentheses. The percentage of non-invariant parameters in presented in the last column. AR, Argentina; BO, Bolivia;, CL, Chile; CO, Colombia;
CU, Cuba; EC, Ecuador; SV, El Salvador; GT, Guatemala;, MX, Mexico, PY, Paraguay; PE, Peru; UY, Uruguay; VE, Venezuela.

TABLE 7 | Estimated parameters of the graded response model applied to the
COVID-VCBS.

Item a b1 bo b3 b4 b5 b6

1 1.31 —1.44 —0.80 —-0.27 0.75 1.38 2.02
2 1.80 —0.68 —-0.23 0.23 1.25 1.65 2.18
3 2.67 —1.09 —0.59 —0.59 0.66 1.09 1.54
4 419 -0.83 —0.36 —0.36 0.70 1.05 1.46
5 3.94 -0.88 -0.38 -0.38 0.75 1.11 1.56
6 4.98 -0.83 —0.36 —0.36 0.72 1.08 1.46
7 2.59 -0.93 —0.46 —0.46 0.76 117 1.61

Parameter a is the discrimination parameter,
parameters from item response theory.

while the b parameters are difficulty

beliefs about COVID-19 vaccines. That is, item 6 would better
distinguish between people with different levels of conspiracy
beliefs about vaccines. People’s responses to item 6 of the COVID-
VCBS would provide more information about conspiracy beliefs
because it is referred to having transparent information about
vaccine safety, which is one of the most influential factors for
vaccination (97). Specifically, the belief in safety regarding the
COVID-19 vaccine is, together with efficacy and effectiveness, the
factor that underpins the strategy of any vaccination program and
its acceptance by the population (98). However, there is regional
variability in the perception of vaccine safety that needs to be
considered. For example, the majority of low-income people in
South Asia (95%) and East Africa (92%) agreed that vaccines are
safe; while these rates were lower in people with higher incomes
in North America (72%), Northern Europe (73%), Western
Europe (59 %) and Eastern Europe (50 %) (10). In this sense, it
seems that the level of economic income significantly mediates
these differences. The results of the difficulty parameters and the
item response curves suggest that item 6 is the most informative,

important and provides the greatest robustness to the COVID-
VCBS. People who are more accepting of conspiracy beliefs about
vaccines will find it easy to respond to item 6 compared to those
who do not tend to accept these beliefs. Similarly, the difficulty
parameters of the items are always ascending. This indicates that
a higher presence of the latent trait, i.e., a higher acceptance of
vaccine conspiracy beliefs, is needed to respond to the higher
response categories.

Additionally, the presence of MI allowed us to explore
differences in the means of conspiracy beliefs about COVID-19
vaccines across the 13 countries. Two main patterns of results
emerged when analyzing the differences between countries. First,
Cuba and Chile obtained the lowest means; while Peru presented
the highest means. It has been suggested that the existing
differences can be explained by trust toward vaccination (99),
where lower levels of general trust predict higher acceptance
of conspiracy theories, which is in agreement with previous
findings (100). In this sense, in order to foster trust about
vaccines, not only the content of the messages about vaccination
is important, but also the medium from which they come from.
Thus, it is suggested that people have more trust and adapt to the
behaviors of those closest to them; therefore, in minority groups,
information about vaccines coming from a family member may
be more effective than information coming from an outsider
(101). In the Cuban case, a previous study reported that they have
the highest levels of COVID-19 information and satisfaction and
trust with the information provided by experts in their country
(102). This would suggest that, in Cuba, trust in information
provided by the government affects the behavior of COVID-19
vaccine safety. In contrast to Cuba, in the UK, people who rely on
celebrities for information about different aspects of COVID-19
are more resistant to disinformation about COVID-19; whereas,
in the US, people who relied on family or friends for information
are less resistant to disinformation (14). In China, more than

Frontiers in Public Health | www.frontiersin.org

12

June 2022 | Volume 10 | Article 908720


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Caycho-Rodriguez et al.

COVID-19 Vaccine Conspiracy Beliefs Scale

85.0% of people indicated all sources of information about the
COVID-19 vaccine are good/excellent (103).

In the case of Chile, the low acceptance of conspiracy beliefs
about COVID-19 vaccines was related to the fact that only 23%
of the population refused to be vaccinated at all (104). Chile,
together with Brazil, had the highest acceptance rates compared
to other Latin American countries (105), which were even higher
than other countries in Europe, Asia and Africa (10). On the
other hand, in Peru, the lack of trust in scientific information
about COVID-19 in general and vaccines in particular has led
to conspiracy ideas being present in numerous scenarios. Thus,
for example, in the town of Huancavelica, a group of fanatical
people kidnapped workers who were doing maintenance on
cell phone antennas with 5G technology, thinking that these
were spreading the SARS-CoV-2 infection (106). Additionally,
Peruvian congressmen requested the creation of a commission
to evaluate the effects of chlorine dioxide in the treatment
of COVID-19, and invited advocates of chlorine dioxide to
present their ideas (107). This is similar to what is happening
in other countries in Europe, such as Croatia and Slovenia,
where lack of trust in science and scientists, as well as political
impotence were also the strongest predictors of acceptance of
conspiracy beliefs during the pandemic (108, 109). Similarly,
in Asian countries, people who had scientists and scientific
journals as their main source of information about COVID-
19 vaccines were less likely to believe in conspiracies about
vaccines (15). While this was not an overall objective, the findings
comparing conspiracy beliefs across the 13 countries allow us to
emphasize the importance of assessing the relationship between
cultural factors and information consumption as expressed in
conspiracy theories at a time of crisis, such as the COVID-19
pandemic (110).

Finally, there is evidence on the relationship between beliefs
in conspiracies about vaccination and health-related behaviors
(63). Thus, this study showed that higher conspiracy beliefs
about vaccination against COVID-19 were associated with lower
vaccination intention in the 13 countries of Latin America
and the Caribbean. This is in line with previous studies that
reported a negative relationship between these variables in
different countries in North America, Asia, Europa and elsewhere
(25, 63-65, 111). Although the correlation between the variables
is moderate, the unprecedented scale of the current pandemic
makes this relationship very dangerous, to the extent that any
reluctance to be vaccinated could represent a major threat to
public health (112). On the other hand, the correlation between
the variables in this study is slightly stronger than reported by
previous studies in the United States and France, where the effect
sizes of the correlations ranged from r2 = 0.05 (25) to 12 = 0.27
(113). This might suggest that the negative relationship between
conspiracy beliefs about COVID-19 vaccines and intentions to be
vaccinated against the disease appears to strengthen as the disease
has progressed. However, this does not mean that conspiracy
beliefs became stronger over time; rather, as the pandemic has
progressed, conspiracy beliefs about COVID-19 vaccines have
become an important factor in distinguishing those most likely
to be vaccinated. Unlike the vast majority of studies, this study
was conducted when COVID-19 vaccination programs were

underway in all of the Latin American countries evaluated.
Therefore, participants did not provide information about their
beliefs in a future scenario, since the COVID-19 vaccine was
available to them. It has been suggested that this situation may
have generated more accurate responses because participants did
not have to imagine a hypothetical situation (114).

It has been suggested that the relationship between conspiracy
beliefs about COVID-19 vaccines and intention to be vaccinated
against COVID-19 may be mediated by perceived risk of
vaccines, feelings of helplessness and distrust of authorities
(63). This relationship can also be explained by a cost-benefit
analysis (17). Thus, the perceived dangers associated with
conspiracy beliefs about vaccines may outweigh the perceived
benefits and reduce the intention to be vaccinated (31). Likewise,
the relationship between conspiracy beliefs about COVID-19
vaccines and intention to be vaccinated can also likely be
explained by a general psychological tendency to believe in
conspiracies (113). In this sense, previous studies have suggested
that the acceptance of traditional conspiracy beliefs, such as
those referring to the arrival of people on the moon, are
associated with negative attitudes toward vaccines (113); while
both conspiratorial beliefs about COVID-19 and having a
conspiratorial mindset in general negatively predicted intentions
to be vaccinated against COVID-19 (25). However, the latter is
an issue that deserves further investigation, as a previous study
suggested that only belief in vaccine-related conspiracy theories
had a significant negative impact on intentions to be vaccinated,
while belief in pandemic conspiracy theories in general did not
have a significant impact on intentions to be vaccinated (115).

This finding leads to suggest that countering conspiracy beliefs
about COVID-19 vaccines should play an important role in
actions aimed at increasing intentions to be vaccinated against
COVID-19 in the 13 countries evaluated. Intervening against
conspiracy beliefs involves having a comprehensive approach
where messages are clear and based on scientific evidence, as
well as delivered through legitimate channels. The mitigation
of misinformation should result from the collaboration of the
scientific community and the media, which should verify facts
and call out content that disseminates misinformation. On the
other hand, while the findings make it clear that conspiracy
beliefs about COVID-19 vaccines play a role in COVID-19
vaccination intention, little is yet known about the etiology of the
beliefs. In this regard, the use of qualitative or mixed methods in
future studies could provide more information about the origins
of these conspiracy beliefs and help design effective interventions
to increase COVID-19 vaccine acceptance.

The study also has some limitations that should be considered
when interpreting the results. First, the generation of the
COVID-VCBS items was deductive rather than inductive; that
is, the items were based on already existing knowledge (VCBS
items). In this sense, it is possible that some aspects of pandemic-
specific conspiracy beliefs were overlooked and/or the existing
items might not optimally capture this construct. Similarly,
self-report measures are inevitably affected by measurement
error and social desirability biases. Therefore, it would be
beneficial for future studies to use triangulation methods,
such as assessing the convergence of COVID-VCBS scores
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with data reported from other sources, such as, for example,
interviews and/or information obtained from close associates.
Second, in all countries, data were collected by convenience
sampling. Therefore, the samples used in each participating
country are not fully representative of the entire population
due to different aspects. For example, the recruitment of
participants through social networks, such as Facebook and
Instagram, did not reach those people who do not use these

websites, nor did it reach people who do not use the Internet.
Similarly, comparisons of the COVID-VCBS scores may be
somewhat biased because some characteristics among the 13
countries were not directly comparable. Thus, although the
study included participants of different sexes, women represented
more than 70% of the total sample. There is evidence of
gender differences regarding conspiracy beliefs about COVID-
19 vaccines, where women are more supportive of conspiracy
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beliefs against a vaccine (15, 21). Future studies could investigate
the invariance of the COVID-VCBS between sexes within each
of the countries to assess whether men and women respond
to the items differently. In addition, most of the participants
were university educated, and participants with less education
would probably have reduced access to the Internet. Additionally,
the Mexican sample were the youngest, with an average age
of 25 years; while the Guatemalans had an average age of
44 years. With an age difference of almost 20 years, the
comparison of COVID-VCBS scores between Mexicans and
Guatemalans could obviously be biased by age. Future studies
are encouraged to improve the sampling design, for example,
by using stratified sampling. This would allow for samples
in each country to be more representative and lead to more
generalizable results.

Third, the study samples comprise 13 countries. This implies
that, the findings related to the COVID-VCBS MI only apply to
these countries. Fourth, the study data were collected between
September 15 and October 25, 2021, several months after
the development and distribution of different highly effective
COVID-19 vaccines. This circumstance probably influences
the hesitations experienced by the participants regarding the
vaccine at the time of the evaluation and could have affected
some findings, such as the estimates of item difficulty. Fifth,
the cross-sectional study design, which did not allow us to
assess the direction of causality between conspiracy beliefs
and fear of COVID-19 or to test longitudinal MI. There is
evidence suggesting the presence of changes in conspiracy
beliefs about COVID-19 vaccines (116); thus, future studies
should assess the temporal stability of the COVID-VCBS. Sixth,
while establishing measurement invariance among 13 different
countries is important for generalizability of the COVID-VCBS,
future studies need to include an English or other language
version of the scale for additionally cross-cultural comparability.
Seventh, an important area of research involves the factors
that contribute to the emergence of conspiracy beliefs about
COVID-19 vaccines and their relationships to other variables.
For example, it has been suggested that higher levels of trust
in health care institutions are associated with lower support
for conspiracy theories and, therefore, greater willingness to
be vaccinated against COVID-19 (117-120). However, it has
also been suggested that citizens trust in institutions may
generally influence whether or not they support conspiracy
theories, but that they do not determine whether beliefs translate
into prevention behaviors (112). Other variables must also be
considered in order to understand vaccine conspiracy theories
in Latin America, which have been shown to play an important
role in other contexts such as the United States, Europe and
Asia, such as trust in science, political orientation and populism
(121, 122), anomie and health threat perceptions (123) and
vaccine literacy (115), among others. In Latin America, it has
been suggested that ethnic discrimination (62), sex, age, the
level of education and the medium through which information
about the COVID-19 vaccine is received (124) are variables
related to the acceptance or non-acceptance of conspiratorial
ideas about the COVID-19 vaccines. To this end, future
studies should incorporate predictive designs that allow for a

better understanding of the relationships between these and
other variables.

Despite these limitations, this studys results may offer
important contributions to the investigation of conspiracy
beliefs about COVID-19 vaccines. By providing evidence of
validity and cross-cultural MI of the COVID-VCBS to assess
conspiracy beliefs about COVID-19 vaccines in adults from
13 different countries, the study opens new avenues for the
assessment of conspiracy beliefs about vaccines internationally.
In this sense, it contributes to the body of cross-cultural
studies by establishing the possibility of cultural comparison
of conspiracy beliefs about COVID-19 vaccines using the
same measurement instrument. The COVID-VCBS is practical,
brief, and easy to apply; thus, having an instrument with
reduced cultural influence is useful for comparing data and
obtaining information on similarities and differences between
different countries regarding their vaccine conspiracy beliefs.
In addition, understanding cross-cultural differences can be
expanded by identifying non-invariant items and countries using
the alignment method. Understanding non-invariance will allow
for the development of more culturally invariant items in the
future. As we know, the presence of conspiracy beliefs interferes
with adherence to preventive behaviors against COVID-19 (22).
Thus, being able to measure conspiracy beliefs about COVID-
19 vaccines among Latin American countries will allow us
to gain a better understanding of this construct that is so
important for the success of COVID-19 vaccination programs in
this region.

In conclusion, the results revealed that the COVID-19 Vaccine
Conspiracy Beliefs Scale (COVID-VCBS) is a unidimensional,
reliable and invariant measure of conspiracy beliefs about
the COVID-19 vaccines among 13 Latin American countries.
The results may be useful to guide future MI studies among
different countries.
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