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Abstract: Understanding the factors that influence the intention to use vaccines is crucial for imple-
menting effective public health policies. This study examined the impact of various cognitive, affective,
normative, and sociodemographic variables on the intention to be vaccinated against COVID-19 with the
first-generation AstraZeneca vaccine. A survey of 600 residents of Spain was used to assess the influence
and hierarchy of the drivers of the intention to vaccinate via least-squares and quantile regressions.
The most significant factors were the perceptions of efficacy and social influence, both of which had
positive impacts (p < 0.0001). The positive influence of fear of COVID-19 and the negative influence of
fear of the vaccine were also significant in shaping the central tendency toward vaccination. However,
these fear-related variables, particularly the fear of COVID-19, lost importance in quantile adjustments
outside the central tendency. Among the sociodemographic variables, only the negative impact of
income was statistically significant. These results are valuable for the development of vaccination
policies because they measure the sensitivity of attitudes toward vaccination to exogenous variables not
only in the central values, as is common in similar studies, but also across the entire range of responses
regarding the intention to vaccinate. This additional analysis, which is not commonly performed in
studies on vaccine acceptance, allows us to distinguish between variables which are consistently related
to the intention to vaccinate and those that influence only expected responses.

Keywords: COVID-19 disease; COVID-19 vaccine; intention to use a vaccine; vaccine hesitancy;
cognitive-affective normative model; quantile regression

1. Introduction

COVID-19 cases and deaths have continued unabated since the pandemic caused by
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) began in late 2019. As of
November 2021, the number of people affected worldwide has surpassed 251 million, with
over 5.07 million confirmed deaths across 216 countries, areas, and territories [1]. By June
2024, the number of affected individuals had risen to 775 million, resulting in more than
7 million deaths. The impact of the pandemic has extended beyond its impact on human
health [1]. A significant portion of economic projections indicate that most countries will
experience lower economic growth than expected before the pandemic for several years [2].

The most effective way to return to pre-pandemic conditions and embark on a sustained
path of economic recovery is to control the spread of the virus with effective treatments and
vaccines. Without these tools, restrictive measures on gatherings and movements were the
only effective means to limit COVID-19 transmission. Unfortunately, these measures have
hindered economic development [2] and caused social and familial collateral damage [3].
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These reasons explain why, in an exceptionally short period (practically one year after the
identification of SARS-CoV-2), the first vaccines were fully developed and ready for use in
many countries. By June 2021, there were more than 125 vaccine candidates worldwide,
365 ongoing vaccine trials, and 18 COVID-19 vaccines approved in at least one country [4].

Given the importance of vaccines in controlling any pandemic, including that caused
by SARS-CoV-2, identifying the factors which determine their intention to use and quantify
their impact is crucial for effective health policies [4]. Searches conducted in Scopus
indicate that this issue will remain a hot topic in 2024, although COVID-19 would cease to
become a global health emergency by 2023. On 17 June 2024, a search for ‘COVID-19 AND
vaccine AND factors AND hesitancy’ yielded 2950 documents. Specifically, 1087 scientific
documents would be published by 2022, 921 by 2023, and 313 by 2024. Similarly, exploring
‘COVID-19 AND vaccine AND factors AND acceptance’ returned 626 documents in 2022,
463 in 2023, and 132 in 2024. Although these results could be further refined, we believe
that they are sufficiently indicative.

This study evaluated the factors which induce the intention to use or reject the COVID-
19 vaccine through an analysis of a survey in Spain, ranking these factors accordingly. The
first group of variables commonly evaluated in the literature relates to the perception of
vaccine effectiveness and risk, the perceived severity of COVID-19, and social influence
on vaccination [5]. These variables were modeled in this study via the cognitive-affective-
normative (CAN) psychometric model [6], which has been applied in the context of SARS-
CoV-2 vaccination [7]. Additionally, we assessed sociodemographic factors such as sex,
income, and age, which are also commonly evaluated in studies such as ours [5].

The novelty of this study lies in the use of quantile regression (QR), whose application
in the social sciences was proposed in the seminal work by Koenker and Basset [8] as a
complement to regression focused on predicting the expected response, which is often used
in this type of analysis. QR offers robust statistical estimates which ordinary least squares
regression (OLS) does not provide when the assumptions of normality and homoscedas-
ticity of errors are violated. Moreover, quantile regression is less sensitive to outliers [8].
QR allows us to describe not only how the explanatory factors impact the response variable
near the central distribution values but also at the minimum and maximum responses.
Thus, QR provides a more comprehensive picture of the relationships between variables
than methods focused on predicting the expected response, such as OLS, logistic regression,
or Poisson regression [9], allowing us to determine not only which variables are relevant
for explaining the central tendency of the response variable but also whether the evaluated
factors influence responses outside the central tendency. We believe this aspect is crucial
for obtaining a more complete understanding of the determinants of attitudes toward
vaccination, as QR will enable us to not only establish which factors are relevant but also
rank their importance.

In OLS regression, which only fits the mean of the response variable, we observed that
perceived efficacy, social influence, and fear (both of the vaccine and of COVID-19) were
statistically significant in explaining the intention to get vaccinated. Additionally, among
the socioeconomic variables analyzed—sex, age, and monthly income—only the negative
relationship between income and the intention to use the vaccine was relevant. However,
this analysis did not allow us to determine which variables consistently influenced all
possible responses for a set of input factor values.

The use of quantile regression allowed us to obtain more insightful conclusions about
how the assessed explanatory factors were linked with vaccine acceptance. While the
relationship between efficacy and social influence was significant across the entire range
of vaccination intention responses (not just at the central values), this was not the case
for variables related to fear, especially that related to COVID-19. In response to vaccine
acceptance, which was far from the central values, these variables may not be significant.
Therefore, we can conclude that while the perception of efficacy and social influence
consistently influence any respondent, the variables associated with fear have less or even
no relevance in people whose interest in getting vaccinated is far from the expected level,
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and thus they are less relevant in explaining the intention to get vaccinated. Similarly, with
respect to the socioeconomic variables, we found that while monthly income is significant
in explaining some percentiles of the response variable, it is not significant for all. Thus,
this link is not entirely consistent. In contrast, both gender and age consistently had no
statistically significant effect on the intention to get vaccinated.

The remainder of this paper is organized as follows. Section 2 presents the theoretical
background of the explanatory factors used in this study. Section 3 describes the materials
and methods used in this study. The results are presented in Section 4. Finally, we discuss
our findings.

2. Theoretical Groundwork
2.1. Previous Considerations

The cognitive-affective-normative (CAN) model posits that the intention to use new
health technology can be explained by cognitive, affective, and normative factors [6,10].
This theoretical framework has been applied to evaluate the factors which induce the
intention to use new medical technologies such as brain implants [6] and COVID-19
vaccines [7,11]. Specifically, Pelegrín-Borondo et al. [7] evaluated the impact of affective
variables, such as fear of contracting COVID-19 (FCOVID) and fear of the vaccine (FVAC),
where the cognitive factor was perceived efficacy (EFFIC) and the normative variable was
social influence (SOCINF) on the intention to get vaccinated (IVAC).

The use of this group of variables aligns with the findings of numerous studies
evaluating the intention to receive the COVID-19 vaccine, in which the factors commonly
reported as relevant for explaining attitudes toward vaccination are related to the perception
of the vaccine, attitudes and beliefs about COVID-19, and informants regarding COVID-19
and its vaccines [5]. Figure 1 shows the proposed framework for explaining the intention
to use the COVID-19 vaccine.
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Figure 1. Theoretical framework and expected signs of factors associated with the intention to use
the COVID-19 vaccine.

2.2. Affective and Cognitive Variables

A key variable in explaining the intention to be vaccinated against a given illness is
fear of its consequences [12]. Therefore, perceiving COVID-19 as a potentially severe illness
increases the willingness to use a vaccine and reduces hesitancy [7,13–18]. Conversely, many
people perceive any vaccine as potentially risky, owing to possible side effects; consequently,
this fear stimulates vaccine hesitancy [12,19,20]. The literature widely reports that this
variable is also significant in explaining rejection of the COVID-19 vaccine [7,11,17,21–25].

The efficacy of vaccines is an important factor in motivating people to accept them [26].
In fact, attitudes toward any vaccine can be negatively affected if the perceived efficacy is
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low [27]. In the context of SARS-CoV-2, the importance of EFFIC has been demonstrated
across different groups and countries [7,11,13,15,17,22,25,28–30].

2.3. Normative Variable: Social Influence

When people belong to social groups, the opinions of other group members about
a product can encourage or discourage its consumption [10]. In the vaccination context,
this influence remains true [31,32] and, consequently, can be extended to SARS-CoV-2
vaccines [7,11,18,25,28,33]. Recommendations from doctors, health providers, and institu-
tions are expected to have a strong positive effect on people’s intention to be vaccinated.
Trusting doctors’ recommendations to receive influenza vaccines has the greatest impact
on acceptance [34]. This finding can also be extrapolated to the opinions of physicians and
health providers regarding COVID-19 [16,30,35].

A positive attitude toward vaccination is also linked to trust in the government
and opinion leaders [14,17,36]. On the other hand, misinformation [37] and conservative
political ideologies tend to inhibit the intention to be vaccinated against COVID-19 [37].
It has also been reported that the spread of conspiracy theories [24,38] has a significantly
positive influence on vaccination hesitancy.

2.4. Socioeconomic Variables

In addition to the CAN variables, we considered three control factors which are quite
common sociodemographic variables in studies, such as sex, age, and income level [5].
With respect to sex (SEX), the main findings showed that being female (male) could be sig-
nificantly related to rejection (intention to use) of vaccination [15,16,18,21–23,39–42]. This
could be because men are more likely to become seriously ill and die from COVID-19 [43]
and because of a plausible link between menstrual disturbances and vaccination [44].
However, it should be noted that a significant number of reports did not find a signifi-
cant relationship between sex and attitudes toward vaccination [11,13,14,17,33] or even a
positive relationship between vaccine use and being female [36].

Age (AGE) is often a relevant variable for explaining attitudes toward COVID-19
vaccination [5]. However, no clear pattern has been reported in the literature. Various
reports have shown a positive relationship between age and the intention to be vacci-
nated [14,35,38–42]. A reasonable argument is that the risk of severe illness and death
increases with age [45]. However, some studies have shown that age is negatively associ-
ated with the intention to be vaccinated [13,15,17,21,23]. Notably, a set of studies suggested
that the relationship between age and the intention to use a vaccine follows a “U” shape;
that is, vaccine hesitancy is found among middle-aged individuals [17,18,22].

A significant portion of the literature suggests a possible influence of income level
(INCOME) on attitudes toward vaccination. If the cost of vaccination must be financed
individually, it is reasonable to assume that income level has a positive link with the
willingness to be vaccinated [14,15,22,36,40,42]. However, some studies have shown that
income level has a nonsignificant effect on the intention to receive a vaccine [11,23,33].

On the basis of the information presented in this section, Figure 1 summarizes the
relationships between the exogenous and endogenous variables analyzed in this study and
the expected direction of the relationship between them.

3. Materials and Methods
3.1. Sample and Sampling

This study analyzed a self-administered online survey conducted via Google Forms.
Responses were collected from residents in Spain between 9 September 2020 and
16 September 2020.

The study population comprised individuals residing in Spain. The participants were
contacted through digital means in an effort to ensure that the number of responses met the
sex quotas (at least 40% men and women) and age quotas. Specifically, there were equal
numbers of participants in the 17–30 years old, 31–50 years old, and >50 years old age groups.
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As a secondary criterion, we sought to ensure that the distribution of responses across
the different autonomous communities into which Spain is divided had some correlation
with their share of the total Spanish population. In this way, responses were obtained
from predominantly urban regions as well as from those whose economies are based on
agricultural or livestock activities.

From the total number of responses received (827), the first 600 who met the sex and age
quotas were selected. Among the unused responses, the first group contained at least one
incomplete item, either left blank voluntarily or involuntarily (87). These items, in addition
to those linked to the CAN model, more commonly included personal income. Additionally,
we discarded 56 items which failed to meet two attention check items designed to ensure
respondent attentiveness. Finally, we discarded 84 responses from those who unbalanced
the proposed age and sex quotas; these responses came from persons under the age of 50 or
females. Thus, the final sample of 600 responses adhered to the proposed quotas.

The sample size (N = 600), although not excessive, was believed to be adequate,
providing a good balance between resource constraints and a size which ensured sta-
tistically reliable results. We used two widely accepted statistical criteria to make this
judgment: a priori power analysis and analysis of the minimum detectable effect sizes [46].
In these assessments, we considered that the regression analyses would be conducted with
7 exogenous variables, as shown in Figure 1:

1. A common criterion is the completion of an a priori power analysis (β) for a predefined
significance level (α), used to reject the null hypothesis that the proposed regression
or the coefficient of interest is not significant [46]. This analysis was performed with
the software GPower 3.1 [47]. Thus, we confirmed that this sample size ensured that
the statistical power for testing both the overall significance of the model and the
significance of the individual coefficients exceeded 99% at the 5% significance level.

2. Second, with the software GPower 3.1, we found that the sample size was sufficient for
analyzing small effect sizes (greater than 0.05). For a predefined statistical power level
of β = 85% and a statistical significance level of α = 5%, the sample size was suitable for
effect sizes of 0.021 for the coefficients and 0.036 for the overall regression model.

Table 1 shows the sample profile. A total of 45% (269) of the respondents were men,
and 55% (331) were women. The average age of the respondents was 41.97 years, with a
standard deviation of 15.52 years. The age distribution was 33.33% for those up to 30 years
old, 32.83% for those between 31 and 50 years old, and 33.83% for those over 50 years old.
The distribution of incomes shows that 24.83% reported a monthly income greater than
EUR 3000, 13% reported between EUR 2500 and 3000, 25% reported between EUR 1750 and
2500, 22.33% reported between EUR 1000 and 1750, and 6.33% reported less than EUR 1000.

Regarding education level, nearly 57% reported having a university degree, 34.39%
had secondary education, and the remaining 9.02% had primary school education. With
respect to the geographical distribution of responses, we can observe that they were
diversified across the various regions which make up Spain, with the most populated
regions, such as Catalonia, accumulating the largest proportion of responses, whereas
the least populated areas, such as the islands (Balearic and Canary Islands) or Ceuta and
Melilla, were represented the least. Additionally, the sample included both predominantly
urban areas like Madrid as well as those with economies based on the agricultural and
livestock sectors, such as the center of Spain (Castilla and León, Castilla-la Mancha, and La
Rioja) and regions with highly diversified rural and urban environments (Catalonia).
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Table 1. Survey profile.

Category Number of Responses Percentage

Sex
Male 269 44.83%
Women 331 55.17%
Age
≤30 years 200 33.33%
>30 years and ≤50 years 197 32.83%
>50 years 203 33.83%
Mean = 41.97, SD = 15.52
Income
EUR > 3000 149 24.83%
EUR ≥ 2500 and ≤3000 78 13.00%
EUR ≥ 1750 and <2499 120 20.00%
EUR ≥ 1000 and ≤1749 134 22.33%
EUR < 1000 38 6.33%
Unanswered 81 13.50%
Education
University graduate, PhD, or doctorate 339 56.59%
Secondary school or vocational training 206 34.39%
Primary school 54 9.02%
Region
Centre of Spain (Castilla and León, Castilla-la
Mancha, and La Rioja) 112 18.67%

Catalonia 128 21.33%
Madrid 106 17.67%
Northern Spain (Galicia, Asturias, and Cantabria) 88 14.67%
Basque Country and Navarra 40 6.67%
Southern Spain (Extremadura and Andalusia) 47 7.83%
Aragón and Levante (Valencia and Murcia) 61 10.17%
Balearic Islands and Canary Islands 15 2.50%
Ceuta and Melilla 3 0.50%

3.2. Measurement of Variables

The questionnaire was redacted in Spanish. All the questionnaire items were answered
on an 11 point Likert scale (0–10), as shown in Table 2. The descriptive statistics of the
responses are shown in Table 3. Regarding the response variable of the intention to vaccinate
(IVAC), the questions focused on the vaccine developed by AstraZeneca. According to the
news in September 2020, it was the most advanced and likely to be used vaccine in Spain.
We started the survey immediately after the trials for the Oxford-AstraZeneca vaccine were
temporarily suspended because of a “serious adverse event” in one volunteer. Therefore,
the survey was as follows: “Imagine that the COVID-19 vaccine currently being developed
by the University of Oxford and AstraZeneca is the first vaccine approved by the European
Union health authority after adverse effects have been addressed. Please note that the trials
for this vaccine were suspended on September 9, following a report of a ‘serious adverse
event’ in a volunteer. Please respond to the following questions on a scale from 0 (strongly
disagree) to 10 (strongly agree)”.

IVAC was measured via the scale proposed by Venkatesh et al. [48] to quantify be-
havioral intention toward new technologies. The cognitive variable related to perceived
efficacy was measured using the scale developed by Remschmidt et al. [49], which has been
widely used in the context of vaccination [7,11,50]. The fear of contracting COVID-19 was
measured with the scale from Nguyen et al. [12], whereas the FVAC was modeled via the
scale from Borena et al. [51]. Finally, SOCINF was measured using questions proposed by
Venkatesh et al. [48].
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Table 2. Items used in this paper.

Variable Item Source

Intention to use AstraZeneca vaccine (IVAC)
IVAC1. I will try to get vaccinated with the

Oxford-AstraZeneca vaccine.
IVAC2. I will use the Oxford-AstraZeneca vaccine.

Based on [48]

Fear of COVID-19 (FCOVID) FCOVID1: I will use the Oxford-AstraZeneca vaccine.
FCOVID2. I am worried about transmitting COVID-19. Based on [12]

Fear of AstraZeneca vaccine (FVAC)

FVAC1. I am worried about the temporary effects of the
COVID-19 vaccine.

FVAC2. I am worried about the permanent effects of the
COVID-19 vaccine.

Based on [51]

Perceived efficacy (EFFIC)

EFFIC1. I am convinced of the efficacy of the Oxford vaccine.
EFFIC2. The Oxford vaccine will protect me from COVID-19.
EFFIC3. With the Oxford vaccine, I have a lower probability

of contracting COVID-19.
EFFIC4. The Oxford vaccine will prevent me from needing

other treatments for COVID-19.

Based on [49,50]

Social influence (SOCINF)

SOCINF1. People who are important to me think I should use
the Oxford vaccine.

SOCINF2. People who influence me think I should use the
Oxford vaccine.

SOCINF3. People whose opinions I value think I should use
the Oxford vaccine.

Based on [48]

SEX Dichotomous variable coded 0 for men and 1 for women.

AGE
Variable coded 0 for those under 40 years old and 1 for those
over 60 years old. For those between 40 and 60 years old, it is

linearly graduated in the interval [0, 1].

Net monthly income (INCOME)
Variable ranging from 0 (for monthly income less than

EUR 1000) to 1 (for monthly income greater than EUR 3000).
Between these income levels, it is linearly graduated.

Table 3. Descriptive statistics of items related to the response variable, CAN explanatory variables,
and measures of internal consistency and convergent reliability of all the constructs.

Item Mean SD Factor
Loading CA CR AVE

Intention to be
vaccinated (IVAC) 0.95 0.95 0.90

IVAC1 5.07 3.48 0.95
IVAC2 4.96 3.4 0.95

Fear of COVID
(FCOVID) 0.734 0.883 0.799

FCOVID1 6.60 2.72 0.889
FCOVID2 7.86 2.74 0.889

Fear of vaccine
(FVAC) 0.92 0.961 0.926

FVAC1 6.75 3.02 0.962
FVAC2 7.23 3.04 0.962

Efficacy (EFFIC) 0.933 0.953 0.836
EFFIC1 4.93 2.81 0.920
EFFIC2 5.31 2.80 0.950
EFFIC3 5.95 2.97 0.935
EFFIC4 4.89 2.94 0.849

Social influence
(SOCINF) 0.971 0.981 0.945

SOCINF1 4.85 2.95 0.964
SOCINF2 4.64 2.95 0.979
SOCINF3 4.68 3.03 0.974

Note: SD = standard deviation; CA = Cronbach’s alpha; CR = convergent reliability; AVE = average variance extracted.
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3.3. Data Analysis

Data analysis was performed by implementing the following steps.

First step. We verified the internal consistency and convergent validity of the scales used
for the IVAC and CAN variables (FCOVID, FVAC, EFFIC, and SOCINF) using standard
measures: Cronbach’s alpha (CA), convergent reliability (CR), average variance extracted
(AVE), and factor loading.
Second step. We quantified the variables involved in our analysis as follows:

• IVAC, FCOVID, FVAC, EFFIC, and SOCINF were quantified as the standardized scores
obtained via factor analysis.

• SEX was a dummy variable which took a value of 1 if the observation came from a
woman and was 0 otherwise.

• AGE: We based our approach on the fact that the probability of suffering a severe illness
or even death due to contracting SARS-CoV-2 increases with age in individuals older than
40 years [45]. Therefore, we transformed age into a value in the interval [0, 1] as follows:

• AGE(x) =


0 x ≤ 40 years

x−40
25 40 < x ≤ 65 years,
1 otherwise

• Here, x is the age (in years) of the surveyed person.
• INCOME was obtained by transforming the categories in Figure 1 into a value within

the [0, 1] interval:

• INCOME(y) =


1 y ≥ €3000

0.8 €2500 ≥ y > €3000
0.5 €1750 ≥ y > €2500
0.2 €1000 ≥ y > €1750

0 otherwise
• Here, y is the monthly income.

Third step. We fitted a linear regression to IVAC via OLS, which was explained by FVAC,
FCOVID, EFFIC, SOCINF, SEX, AGE and INCOME:

IVAC = a0 + a1 × FVAC + a2 × FCOVID + a3 × EFFIC + a4 × SOCINF + a5 × SEX + a6 × AGE + a7 × INCOME

We also performed tests to verify compliance with the conditions of homoscedasticity
and normality of the error term necessary for the OLS estimation to be robust.

Fourth step. We estimated the same quantile regression model as in the third step for
various probability levels: τ = 0.2, 0.25, 0.3, 0.45, 0.5, 0.55, 0.7, 0.75, and 0.8. This allowed us
to assess the influence of the variables near the central positions of the intention to use the
vaccine for τ = 0.45, 0.5, and 0.55 and to evaluate the influence of the factors on responses
which showed strong rejection (intention to use) compared with the central tendency for τ
= 0.2, 0.25, and 0.3 (τ = 0.7, 0.75, and 0.8).

4. Results

The results corresponding to validation of the scales (Table 3) show that all the con-
structs had a Cronbach’s alpha and composite reliability >0.7 and an average variance
extracted >0.5. In addition, the factor loadings of all the items in the first principal com-
ponent were >0.7. Therefore, we have robust evidence of the internal consistency of
IVAC, FCOVID, FVAC, EFFICACY, and SOCINF. Thus, it is reasonable to consider the
standardized factor scores of these variables as observations in the following steps [52].

Table 4 presents the OLS fit results. We obtained significant positive coefficients in the
regressions (CR) for the CAN variables FCOVID (CR = 0.07436, p = 0.0024), EFFIC (CR = 0.5227,
p < 0.0001), and SOCINF (CR = 0.3484, p < 0.001). We also found a significant negative
relationship between IVAC and FVAC (CR = −0.0984, p < 0.0001) and between IVAC and
INCOME (CR = −0.1379, p = 0.0142). AGE (CR = 0.0293, p = 0.6435) and SEX (CR = 0.0049,
p = 0.9102) were not relevant for explaining IVAC. The estimated model was significant
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(adjusted R-squared = 0.7456, Snedecor’s F = 250.21, p < 0.0001). However, the fit violated
the assumptions of homoscedasticity and normality of residuals. The White test rejected the
presence of homoscedasticity (p < 0.0001), and the chi-squared test rejected the normality of
the residuals (p = 0.0015). These results support the ability to test a method that is robust to
the absence of homoscedasticity and the normality of errors, such as quantile regression.

Table 4. Results of the ordinary least squares regression model fit.

Coefficient t Ratio p Value

Constant 0.0569 1.208 0.2275
FCOVID 0.0736 3.044 0.0024

FVAC −0.0984 −4.304 <0.0001
EFFIC 0.5227 17.45 <0.0001

SOCINF 0.3484 12.01 <0.0001
SEX 0.0049 0.1128 0.9102
AGE 0.0293 0.463 0.6435

INCOME −0.1379 −2.459 0.0142

R2 = 0.7456
Global Significance of the Model: Snedecor’s F = 251.81 (p < 0.0001)

White Test: LM Statistic = 121.099 (p < 0.0001)
Normality Test: χ2 Statistic = 12.978 (p = 0.00152)

The results of the IVAC adjustment near the other central trend, the median, provided
in Table 5, yielded results similar to those of the OLS estimation but with nuances. The CAN
variables were the most relevant ones, while the sociodemographic variables, including
INCOME, were not statistically significant. Thus, the positive relationship between EFFIC
and SOCINF and the negative relationship between FVAC and IVAC were consistently
highly significant (p < 0.01). Additionally, FCOVID lost explanatory power, as its positive
impact was significant only at the p < 0.01 level in the regression conducted for τ = 0.45
and was not significant at conventional statistical levels for τ = 0.55.

Table 5. Quantile regression results near the median (τ = 0.45, 0.5, 0.55).

Quantile τ = 0.45 τ = 0.5 τ = 0.55

Variable Coefficient p Value Coefficient p Value Coefficient p Value

Constant −0.0284 0.3475 0.0215 0.5579 0.0777 0.0568
FCOVID 0.0424 0.0064 0.0428 0.0233 0.0283 0.1760
FVACC −0.0724 <0.0001 −0.0657 0.0002 −0.0540 0.0065
EFFIC 0.5147 <0.0001 0.5377 <0.0001 0.5803 <0.0001

SOCINF 0.3600 <0.0001 0.3316 <0.0001 0.3011 <0.0001
SEX 0.0301 0.2814 0.0354 0.2971 0.0318 0.3991
AGE 0.0364 0.3711 0.0553 0.2632 0.0480 0.3819

INCOME −0.0323 0.3688 −0.0690 0.1154 −0.0657 0.1763

Pseudo-R2 0.5592 0.5616 0.5669

Regarding the quantile regressions at τ = 0.2, 0.25, and 0.3 (i.e., lower quantiles of
IVAC), Table 6 shows that FVAC, EFFIC, and SOCINF consistently had a significant impact
(p < 0.01) with the expected sign across all τ levels. Additionally, FCOVID (INCOME) was
positively (negatively) related to IVAC, although with weaker levels of significance. For
fear of COVID-19, the statistical results were τ = 0.2 (CR = 0.0730, p = 0.0658), τ = 0.25
(CR = 0.0863, p = 0.0023), and τ = 0.3 (CR = 0.0485, p = 0.0402). Regarding INCOME,
we observe that its significance depended on the percentile. When τ = 0.2, it was signif-
icant (CR = −0.2295, p = 0.0128), but when τ = 0.25 (CR = −0.1242, p = 0.0577), τ = 0.3
(CR = −0.1006, p = 0.0667) was not significant. Finally, the associations of age and sex with
IVAC were not significant at conventional levels.
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Table 6. Quantile regression results (τ = 0.2, 0.25, 0.3).

Quantile τ = 0.2 τ = 0.25 τ = 0.3

Variable Coefficient p Value Coefficient p Value Coefficient p Value

Constant −0.2818 0.0003 −0.2719 <0.0001 −0.1923 <0.0001
FCOVID 0.0730 0.0658 0.0863 0.0023 0.0485 0.0402
FVACC −0.1065 0.0046 −0.0975 0.0003 −0.0923 <0.0001
EFFIC 0.4600 <0.0001 0.4293 <0.0001 0.4501 <0.0001

SOCINF 0.3972 <0.0001 0.4315 <0.0001 0.4018 <0.0001
SEX 0.0191 0.7887 0.0659 0.1947 0.0754 0.0768
AGE 0.0247 0.8122 0.0461 0.5320 0.0585 0.3449

INCOME −0.2295 0.0128 −0.1242 0.0577 −0.1006 0.0667

Pseudo-R2 0.6023 0.5912 0.5818

Referring to the regressions adjusted at the upper quantiles (τ = 0.7, 0.75, 0.8), Table 7
shows that only EFFIC and SOCINF consistently had a significant impact (p < 0.0001), with
the expected sign across all τ levels. Compared with the adjustments made at τ levels
near the median or lower quantiles, the significance of FVAC decreased. Thus, FVAC was
significant only at conventional levels for the adjustments made at τ = 0.7 (CR = −0.0263,
p = 0.0128) and τ = 0.8 (CR = −0.0547, p = 0.0147). Finally, INCOME was negatively related
to IVAC at all levels but was statistically significant only at τ = 0.7 (CR = −0.1022, p = 0.0455).
In addition to AGE and SEX, fear of contracting COVID-19 ceased to be significant at all the
adjusted regression levels.

Table 7. Quantile regression results (τ = 0.7, 0.75, 0.8).

Quantile τ = 0.7 τ = 0.75 τ = 0.8

Variable Coefficient p Value Coefficient p Value Coefficient p Value

Constant 0.2770 <0.0001 0.3501 <0.0001 0.4434 <0.0001
FCOVID 0.0036 0.8683 0.0043 0.8515 0.0096 0.6838

FVAC −0.0463 0.0263 −0.0306 0.1608 −0.0547 0.0147
EFFIC 0.6233 <0.0001 0.6278 <0.0001 0.6267 <0.0001

SOCINF 0.3140 <0.0001 0.3238 <0.0001 0.3334 <0.0001
SEX 0.0463 0.2429 0.0132 0.7516 −0.0120 0.7790
AGE −0.0146 0.8003 −0.0475 0.4320 −0.0685 0.2694

INCOME −0.1022 0.0455 −0.0798 0.1364 −0.0918 0.0948

Pseudo-R2 0.5779 0.5811 0.5797

The overall result of the quantile adjustments, measured by Koenker and Machado’s
pseudo-R2 [53], yielded values consistently above 55%, which indicates results which were
satisfactory but inferior to those obtained with ordinary least squares regression.

Figure 2 shows the value and significance of the coefficients of the explanatory vari-
ables in the OLS estimation and in the quantile regressions at the 0.2, 0.5, and 0.75 levels.
The results provide a much more comprehensive view than other regression methods, such
as OLS, Poisson regression, or logistic regression. Thus, we can observe the following.
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Perceived efficacy and social influence were always significant at p < 0.0001, regardless
of whether we evaluated responses situated at central values (OLS and QR at τ = 0.5) or at
percentiles substantially below or above those values (QR at τ = 0.2, τ = 0.75). On the other
hand, neither SEX nor AGE were consistently significant in explaining IVAC.

In contrast, the affective variables related to fear of COVID-19 and vaccine effects
were not necessarily relevant across the range of intention to use. Both FCOVID and FVAC
were significant at central values. However, extreme responses lost significance, especially
for FCOVID. This variable did not have a significant influence on the intention to use the
vaccine in either the QR τ = 0.2 or the estimate for τ = 0.75.

Among the sociodemographic variables, only income level had a significant relation-
ship with the intention to use. However, this relationship was not consistent across the
entire range of responses regarding the intention to get vaccinated.

5. Discussion

This study examined the explanatory power of cognitive-affective-normative (CAN)
theory in predicting the intention to receive the AstraZeneca vaccine. Statistical analysis
was conducted via ordinary least squares (OLS) and quantile regression (QR). We observed
that the OLS regression provided a good fit for the intention to receive the AstraZeneca
vaccine (IVAC) (R2 = 74.56%). All cognitive-affective-normative (CAN) variables—fear
of SARS-CoV-2 (FCOVID), fear of the vaccine (FVACC), perceived efficacy (EFFIC), and
social influence (SOCINF)—were significant in explaining IVAC. Moreover, the direction
of their relationship with IVAC was as expected. Among the sociodemographic variables,
only income level (INCOME) showed a significant relationship with IVAC but not in the
expected direction.

The significant positive relationship between FCOVID-19 and IVAC aligns with the
majority of the reviewed reports [7,13–18]. The significant negative relationship between
FVACC and IVAC is supported by much of the literature, which shows similar results regard-
ing the influence of fear and perceived risk related to the COVID-19 vaccine [7,11,17,21–25].
As expected, our results revealed a significant positive influence of EFFIC on IVAC, which
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is consistent with the literature [7,11–13,15,17,18,24,25,29,30]. With respect to the SOCINF
variable, the significant positive relationship also matched the literature [7,11,18,25,28,33].

Regarding sociodemographic variables, we found that sex did not have a significant
relationship with the intention to vaccinate, which contradicts the main trend of reports
which tend to observe greater resistance among women. However, this result is not
an exception, as there is a significant number of reports along this line [11,13,14,33,35].
Additionally, we did not find a significant relationship between age and IVAC. However,
the literature does not provide clear results regarding the relationship between AGE and
IVAC. Surprisingly, we obtained a significant negative relationship between INCOME and
IVAC, despite the literature usually observing a positive link [14,15,22,35,36,40]. This could
be because Spain has a public healthcare system with extensive coverage, which makes
vaccination virtually free for individuals. Additionally, the consequences of contracting
SARS-CoV-2 may be perceived as more severe by people with lower incomes. For example,
quarantine may occur under poorer conditions (smaller houses), or their job contracts may
result in less illness coverage. These findings align with those indicating that, in Spain, fear
of contracting COVID-19 is negatively related to income level [54].

The reviewed literature predominantly employed regression methods which adjusted
only the expected value of the response variable for a given level of the exogenous variables.
The most common method was logistic regression [12,13,16,19,26,27,31,33,39,40,51]. Other
methods used include Poisson regression [12,23,24,38], structural equation modeling [7,28,37,50],
and OLS [19,29,32]. Thus, the assessment of the significance of explanatory factors in these
studies was binary (significant or not significant) and linked only to the expected response
instead of the entire range of possible values. In our study, the use of OLS led us to conclude
that, with the exception of sex and age, all the assessed explanatory variables were significant.

However, OLS did not capture whether the variables identified as significant for
explaining the expected response consistently explained the entire possible range of the
degree of intention to be vaccinated or only a portion. Additionally, the results from OLS
did not reveal the main determinants of the degree of intention to use which were under
the expected level. These responses are also of great interest because they are related
to higher-than-expected vaccine hesitancy. To the best of our knowledge, these types of
analyses were not conducted in the reviewed literature.

QR provides a complementary perspective to OLS estimation of the relationships
of CAN variables and sociodemographic factors with IVAC. This approach allowed us
to prioritize the significance of the evaluated factors on the basis of their consistency in
explaining the entire range of the response variable. We observed that not all CAN variables
were equally relevant in explaining attitudes toward vaccination. Although perceptions of
efficacy and social influence were always highly significant across all quantiles (p < 0.0001),
this assertion could not be extended to the fear of contracting COVID-19 or the perceived
risk of the vaccine on the basis of regressions associated with the lower and upper quantiles.
Specifically, the fear of contracting COVID-19 lost significance in the lower percentiles
compared with the adjustments near the median of IVAC and did not have a significant
effect on IVAC in the adjustments for τ = 0.7, 0.75, and 0.8. Similarly, the negative impact of
fear of the vaccine also lost explanatory power in the noncentral quantiles, particularly in
the upper quantiles, compared with that recorded near the central tendency of the IVAC.

Compared with the CAN variables, the sociodemographic variables tested in this
study exhibited much lower explanatory power. Neither SEX nor AGE had a significant
effect on IVAC. QR analysis revealed that this lack of significance was consistent across all
IVAC outcomes. Income was negatively associated with all quantiles of the IVAC response.
However, this association was statistically significant only in some of the lower and upper
quantiles but not near the median.

Given that quantile regression analysis of the variables inducing the intention to use a
COVID-19 first-generation vaccine has not previously been conducted, we believe that these
results are highly valuable for specific vaccination issues. Unlike more common studies on
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epidemic diseases (e.g., influenza) and widely tested vaccines, this study focused on first-
generation COVID-19 vaccines, in which both the disease and vaccines were completely new.

These findings have potential implications for public health policies related to the im-
plementation of new vaccines during pandemics. While EFFIC and SOCINF appeared to be
the most relevant variables explaining the intention to vaccinate and symmetrically impact
all quantiles of the response variable, fear of COVID-19 and the vaccine lost explanatory
power in attitudes toward vaccination which deviated from the central tendency, especially
in those showing an unexpected favorable attitude. Thus, contrary to the reviewed litera-
ture, which only differentiates between significant and nonsignificant factors, this work
distinguished between primary variables (efficacy and social influence) and secondary
factors (those linked to fear) among the explanatory factors.

Therefore, public policies aimed at encouraging vaccination should emphasize the
efficacy of vaccines and normative variables. For example, the requirement for an immunity
passport against COVID-19, which was established in many countries to enjoy certain
activities or greater mobility, should be understood as a health measure aimed at increasing
vaccination through social influence. The success of this measure in boosting vaccination
rates [55] aligns with the importance of social influence on the intention to vaccinate, as
observed in our sample. Conversely, reports indicating the reduced efficacy of existing
vaccines against new SARS-CoV-2 variants, such as Omicron [56], would negatively impact
the intention to vaccinate, whether the predisposition is low, average, or high. In contrast,
although the fear of the disease and the effects of the vaccine are also relevant, they are
much less relevant than the perceived efficacy of the vaccines.

This study was conducted in Spain at a particular time (September 2020). Notably,
pandemics and vaccine development have continuously evolved. For example, the “Oxford
AstraZeneca” vaccine had already been administered, but trials were suspended at the
time of the survey. Additionally, attitudes toward vaccination vary significantly across
countries, even within the same geographic area [15,16,57,58]. For example, while nearly
100% of the population in Nepal expressed a willingness to receive a vaccine, in Russia,
this proportion was approximately 30% [58]. This variation also occurs in homogeneous
geographical areas with a common vaccination policy, such as the European Union, where
four COVID-19 vaccines have been available since mid-2021. Paradoxically, the percentage
of the European population fully vaccinated with what can be termed “first-generation”
vaccines by the end of October 2021 ranged from 88% (Portugal) to 24% (Romania) [59].
Therefore, to gain a more comprehensive perspective, further research using samples from
other countries and periods is needed.
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