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ARTICLE OPEN

Understanding change in COVID-19 vaccination intention
with network analysis of longitudinal data from Dutch adults
Monique Chambon 1,2�, Wesley G. Kammeraad2, Frenk van Harreveld1,2, Jonas Dalege3, Janneke E. Elberse1 and
Han L. J. van der Maas2

Prior research into the relationship between attitudes and vaccination intention is predominantly cross-sectional and therefore
does not provide insight into directions of relations. During the COVID-19 vaccines development and enrollment phase, we studied
the temporal dynamics of COVID-19 vaccination intention in relation to attitudes toward COVID-19 vaccines and the pandemic,
vaccination in general, social norms and trust. The data are derived from a longitudinal survey study with Dutch participants from a
research panel (N = 744; six measurements between December 2020 and May 2021; age 18–84 years [M = 53.32]) and analyzed
with vector-autoregression network analyses. While cross-sectional results indicated that vaccination intention was relatively
strongly related to attitudes toward the vaccines, results from temporal analyses showed that vaccination intention mainly
predicted other vaccination-related variables and to a lesser extent was predicted by variables. We found a weak predictive effect
from social norm to vaccination intention that was not robust. This study underlines the challenge of stimulating uptake of new
vaccines developed during pandemics, and the importance of examining directions of effects in research into vaccination intention.
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INTRODUCTION
Managing the worldwide COVID-19 pandemic through preventive
behaviors aimed at preventing the spread of the virus entered a
new phase when vaccines became available. An important aspect of
disease protection through vaccines is that collective (group)
protection requires a minimum proportion of people obtaining
the vaccination. Vaccination uptake however is far from self-evident,
as vaccines are often the subject of controversy. Vaccine hesitancy is
de�ned as a “delay in acceptance or refusal of vaccination despite
availability of vaccination services”1. Although most people report
intention to get vaccinated against COVID-19, vaccine hesitancy is
also widespread: in the �rst half of 2020 only around three-quarters
of respondents from Europe and the United States reported
willingness to get vaccinated against COVID-192,3. Moreover, long-
itudinal research conducted before the vaccines were rolled out
observed a decrease in vaccination intention4,5. Since the rollout,
most studies report an increase in vaccination intention over
time6–8. Improving our understanding of people’s intention to get
vaccinated can help to stimulate vaccine uptake. Such insights are
relevant not only for the COVID-19 pandemic but also for potential
future pandemics with newly developed vaccines.

Prior research states that the largest obstacles to the successful
implementation of COVID-19 vaccines are attitudinal—that is,
vaccination acceptance is impeded by concerns about potential
side effects, and a lack of trust in the safety and bene�ts of the
vaccine2,9–13. Prior work on attitudes demonstrates challenges that
generally accompany attitude change and indicates that under-
standing attitude structure is bene�cial to the design of effective
attitude change strategies14,15. However, vaccine uptake is not
exclusively explained by attitudes toward the vaccine. Psycholo-
gical variables such as trust in science and social norms in favor of
getting vaccinated also showed a positive relation with (intended)
vaccine uptake16,17. This suggests that understanding vaccination

intention requires a broad perspective that includes not only
attitudes but also other psychological variables. Psychological
variables that are expected to be relevant for attitudes toward
COVID-19 vaccines and vaccination intention are attitudes toward
the COVID-19 pandemic18, and vaccines in general19. Therefore, in
our study, we included beliefs10,20, affective responses21, trust16,22,
social norms16,23, and self-reported adherence to protective
guidelines regarding social distancing and hygiene.

Although previous research demonstrates that attitudes and
related variables are important for the intention to get vaccinated
against COVID-19, little is known about the trajectory in which
these attitudes and vaccination intentions develop. Review studies
on factors associated with vaccination showed that prior research
is predominantly cross-sectional24–27, and thus cannot provide
insight into the direction of effects between variables relevant for
vaccination. The majority of previous longitudinal research into
the relation between attitudes and COVID-19 vaccination seems to
rely on two measurements28,29, therefore not providing suf�cient
detail for analysis techniques into predictive effects such as
employed in the current study.

Furthermore, given that COVID-19 vaccines were yet to be
developed, attitudes toward the vaccines emerged during the
pandemic as well. This provided a unique opportunity to study the
temporal dynamics of attitudes toward newly developed vaccines.
Accordingly, this study was conducted during the phase of the
COVID-19 pandemic in which vaccines were developed and rolled
out in the Netherlands (December 2020 to May 2021; six
measurements). Studying attitudes during this phase may enable
us to capture attitude development before attitudes polarize, as is
often the case with topics such as vaccination.

Given this study’s broad approach, including a range of
variables that are expected to interconnect, we adopted a
complex systems perspective on attitudes to shed light on how
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