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Abstract

How and why do people comply with protective behaviours during COVID-19? The emerg-
ing literature employs a variable-centered approach, typically using a narrow selection of
constructs within a study. This study is the first to adopt a person-centred approach to iden-
tify complex patterns of compliance, and holistically examine underlying psychological dif-
ferences, integrating multiple psychology paradigms and epidemiology. 1575 participants
from Australia, US, UK, and Canada indicated their behaviours, attitudes, personality, cogni-
tive/decision-making ability, resilience, adaptability, coping, political and cultural factors,
and information consumption during the pandemic’s first wave. Using Latent Profile Analy-
sis, two broad groups were identified. The compliant group (90%) reported greater worries,
and perceived protective measures as effective, whilst the non-compliant group (about
10%) perceived them as problematic. The non-compliant group were lower on agreeable-
ness and cultural tightness-looseness, but more extraverted, and reactant. They utilised
more maladaptive coping strategies, checked/trusted the news less, and used official
sources less. Females showed greater compliance than males. By promoting greater appre-
ciation of the complexity of behaviour during COVID-19, this research provides a critical
platform to inform future studies, public health policy, and targeted behaviour change inter-
ventions during pandemics. The results also challenge age-related stereotypes and
assumptions.

Introduction

On March 11" 2020, the World Health Organization (WHO) characterised the novel corona-
virus outbreak a global pandemic [1]. Subsequently, governments and health authorities called
on citizens to adopt protective behaviours such as social distancing, hygiene practices, and
self-isolation to reduce the spread of coronavirus disease 2019 (COVID-19). Implementation
of restrictions such as border closures and lockdowns have been driven by policy, system, and
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environmental changes. However, the success of these measures relies on individual behaviour
change. Understanding the factors associated with positive behaviour change is critical as the
virus spreads.

Research on previous health threats has identified demographic and attitudinal factors
influencing adherence with protective behaviours, such as age, gender, education, worry and
fear, greater perceived risk, and belief in effectiveness of behaviors [e.g., 2—4; see 5 for review].
Attesting to their validity, emerging research on COVID-19 suggests these factors are indeed
associated with adherence to rules and recommendations [e.g., 6-10].

These emerging studies take a variable-centered approach, assuming the sample is homoge-
neous with respect to how variables relate to each other. The current research adopts an alter-
native perspective, focusing on a person-centred approach, which acknowledges heterogeneity
within the sample, offering the means to identify clusters/groups of individuals who share sim-
ilarities. These groups can then be examined further to characterise their psychological and
environmental profiles [11]. In relation to the COVID-19 pandemic, this novel approach is
much needed, though, to our knowledge has not yet been explored.

This research was conceived and executed during the first wave of COVID-19, which was
characterised by extreme uncertainty about the virus and rapid, radical changes to people’s lives.
Our main objective was to identify subgroups within the general population with similar patterns
of COVID-19-related behaviours and attitudes, using Latent Profile Analysis (LPA). Addition-
ally, this study examined differences between identified subgroups (i.e., those who comply and
those who do not) on a comprehensive selection of factors grounded in several disciplines of psy-
chological sciences—epidemiology, differential (personality, cognitive ability), positive (resil-
ience, adaptability, coping), and political and cultural (government opinions, ideologies, cultural
tightness-looseness). This allowed us to examine the prevalence of distinct groups and their char-
acteristics to inform targeted public health policies and behaviour change interventions for the
current and future pandemics. To our knowledge, this is the first study to capture such a large
selection of theory-driven constructs, one that acknowledges both the complexity of the effect of
the pandemic on behaviour, as well as the interaction with individual characteristics. Our goal
was to draw from a range of theoretical positions to achieve a more holistic account of compli-
ance behaviours. Below, we outline the rationale for examining the relationships between a
broad set of variables, ranging from personality dimensions and cognitive abilities to information
consumption and political values, and compliance behaviours during COVID-19.

Behaviours and attitudes underlying compliance during COVID-19

We begin with an examination of behaviours and attitudes that may underlie compliance with
public health advice during the current pandemic. Early research into the HIN1 pandemic [5]
suggested that there are three types of protective behaviours: preventive (e.g., hygiene prac-
tices), avoidant (e.g., social distancing, isolation), and management of illness (e.g., seeking
medical help if unwell). In the present study, we asked participants about their adoption of
behaviours falling under these three categories which generally align with COVID-19 rules
and recommendations. Moreover, changes to these behaviours may be driven by emotional
perceptions such as heightened worry, fear, and anxiety about the virus. Research from past
outbreaks (SARS, Avian influenza) found that higher worry and state anxiety were associated
with adopting protective behaviours such as hand-washing [2-4, 12]. This is consistent with
emerging COVID-19 research [6, 8]; whereby worry and fear of COVID-19 were primary pre-
dictors of positive behaviour change.

These findings are consistent with health behaviour theories such as Protection Motivation
Theory [13]. This theory proposes that four components facilitate behaviour change: perceived
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severity of the threat, perceived vulnerability to infection, perceived efficacy of protective behav-
iours, and perceived self-efficacy in executing behaviours [13]. Similarly, the Health Belief
Model suggests greater perceived susceptibility to and severity of the threat, and perceived bene-
fits and barriers of protective actions predict health behaviour adoption [14]. Hence, we
employed measures of worry about COVID-19, as well as attitudes and beliefs about protective
measures to examine the role of attitudes in compliance with COVID-19 protective behaviours.

Additionally, the pandemic has resulted in behaviours that can loosely be described as pro-
and anti-social. For instance, in some, the pandemic has driven individualistic and competitive
behaviours, such as panic buying, and hostile disagreements; whilst in others, the shared chal-
lenges have fostered a sense of collectiveness, facilitating altruistic behaviours such as dona-
tions and offering support to others. To examine the relationships between such behaviours
and compliance, we asked participants to report their engagement with a range of pro- and
anti-social behaviours over the past week.

Factors associated with behaviours and attitudes towards compliance

Gender. A meta-analysis of the relationship between gender and protective behaviours
during respiratory epidemics and pandemics found that females were about 50% more likely
than men to adopt behaviours such as hand-washing and avoidance of public transport [15].
On the other hand, males were more likely to support pharmaceutical measures such as vacci-
nation [15]. This suggests there are inherent differences between how females and males
respond to virus outbreaks, which were examined in this study.

Personality and cognitive abilities. Differential psychology also offers insight into sys-
tematic tendencies towards compliant behaviours and attitudes. Individual differences in Big-
5 traits and cognitive abilities may account for some of the diversity in compliance; but to date,
the data is sparse and results are mixed. This research was conducted during the first wave of
the pandemic before the emerging findings. The inclusion of personality and cognitive ability
measures allows us to clarify and extend these findings.

Conscientiousness is associated with following norms and rules, self-discipline, and ability to
delay gratification [e.g., 16]; and has emerged as a consistent predictor of positive health behav-
iours [17]. Those high in agreeableness tend to be cooperative and concerned for others [e.g.,
16], thus might be more inclined to adhere to rules and recommendations. Emerging research
has found support for these notions in relation to COVID-19 recommendations, including
social distancing and hygiene [e.g., 18, 19]. Extraverted people are generally more sociable [e.g.,
16], meaning adherence with social distancing might require a greater lifestyle change than
those who are introverted. However, the emerging findings related to COVID-19 have been
mixed. Aschwanden et al. [18] found extraversion to be associated with taking more precautions
such as hand-washing, sanitising, and physical distancing; whilst Blagov [19] found no relation-
ship between extraversion and social distancing or hygiene behaviours after controlling for
other traits. Similarly, the relationship between neuroticism and compliance is unclear as those
high on this trait tend to engage in certain health-risk behaviours but are also predisposed to
elevated anxiety and worry which may facilitate adoption of health-promoting behaviours. The
emerging COVID-19 findings are indeed inconsistent. For instance, Aschwanden et al. [18]
found that neuroticism was associated with fewer precautionary behaviours, whilst Blagov [19]
found that neuroticism played a small positive role in current social distancing behaviour, as
well as intention to adopt hygiene behaviours in future; though no relationship with intention
to engage in social distancing in future. Lastly, people high on openness/intellect are character-
ised by being adept at dealing with change and uncertainty [e.g., 16], whilst also being risk-tak-
ers; as such, it is unclear how this trait relates to compliance with protective measures.
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Aschwanden et al. [18] found openness was associated with taking more precautions, washing
hands, avoiding touching, and physical distancing; whilst Blagov [19] found no association
between openness and COVID-19 protective behaviours. Whilst conscientiousness and agree-
ableness have emerged as consistent predictors of positive health behaviours, results concerning
extraversion, neuroticism, and openness/intellect require further clarification. Hence, we cap-
tured the Big 5 traits, allowing us to clarify and extend findings in relation to personality.

Complying with recommendations requires individuals to prioritise future rewards (e.g.,
flattened curve) over immediate rewards of non-compliance (e.g., visiting friends, partaking in
hobbies). Frederick [20] found support for the notion that those with a disposition to analytical
thinking are less likely to discount the value of future rewards. That is, people scoring higher
on a cognitive reflection test were more likely to choose a larger reward in the short-term
future over an immediate, smaller reward than low-scoring people. Scores on this test are cor-
related with measures of cognitive ability [20, 21], leaving open the possibility that cognitive
and decision-making abilities play a role in willingness to make immediate sacrifices for longer
term gains. Xie et al. [10] found that working memory capacity contributes to social distancing
compliance, which they suggest may be explained by the relationship between working mem-
ory and ability to accurately evaluate the benefits of social distancing guidelines. This finding
is in line with the idea that the ability to prioritise benefits over costs plays a role in compliance
with protective behaviours; however, there is little data investigating this during COVID-19.
To this end, we included the Cognitive Reflection Test as well as two other cognitive ability
tasks, the Esoteric Analogies Test and Syllogistic Reasoning Task, to investigate how perfor-
mance on these tasks relates to compliance during COVID-19.

Resilience, adaptability, coping. Emerging research has documented the detrimental
consequences of COVID-19 on mental health, including increased stress, anxiety, depression,
loneliness, and uncertainty about the future [see 22, 23]. In particular, reduced social and phys-
ical contact resulting from restrictions and lockdown measures may have major psychological
impacts, thwarting willingness to comply with protective measures, particularly avoidant ones.
Coming from the positive psychology literature, the constructs of resilience, adaptability, and
coping explore how people respond and adapt in the face of uncertainty and adversity, poten-
tially protecting individuals against these negative consequences [see 24-26 for reviews].
Emerging research provides some confirmation of these predictions, with Sibley et al. [27]
finding that those high in resilience in a New Zealand sample showed minimal short-term det-
rimental effects of lockdown. Whilst this preliminarily demonstrates the important role resil-
ience plays in mental well-being during COVID-19, it is unclear whether higher self-
perception of resilience and adaptability would foster compliant behaviour. There is also a lack
of research examining the relationship between coping strategies and compliance behaviour.
The current study addresses this gap and extends upon existing literature on the mental health
consequences of COVID-19 protective measures by including measures of resilience, adapt-
ability, and strategies for coping with the COVID-19 pandemic.

Political and cultural variables. Cultural and political psychology integrate individual-
and group-level differences to understand social behaviour, thus should provide valuable
insights into how people adjust their social behaviour to comply with protective measures. For
instance, social conservatism describes a political ideology that favours tradition and maintain-
ing the status quo [28]. Relatedly, right-wing authoritarianism encompasses support for tradi-
tion, control, and willingness to submit to authority [29]. These social attitudes may shape
perceptions of protective measures, as well as government and authority figures, and the mes-
sages they deliver; though their role in compliance has yet to be examined. Conversely, reac-
tance theory suggests that when individuals feel restricted, they feel the urge to resist control
and regain their freedoms [30]. In particular, reactance may be stronger in ‘looser’ cultures,
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which prioritise freedom and have greater tolerance for deviance [31]. On the other hand,
‘tight’ cultures are more accustomed to strict social norms and rule enforcement. Van Bavel
et al. [32] suggest that different strategies for containing COVID-19 might be needed depend-
ing on the cultural context; though the relationship between reactance, tightness-looseness
and compliance behaviour is yet to be investigated. This study addresses this gap by capturing
ideologies, reactance tendencies, and tightness-looseness perceptions, and examining their
relationships with COVID-19 protective behaviours.

Lastly, for the majority who are not part of the at-risk, vulnerable population, compliance
requires a degree of prioritising the protection of others over one’s own self-interest. Thus, we also
captured amoral social attitudes, including disregard for others and rules. To our knowledge no
study published to date has reported findings on amoral social attitudes. It is important, however,
to clarify whether non-compliance might be driven by self-interest, more than any other factor.

Information consumption. We also examined how people obtained information about
the pandemic. Information plays a central role in forming our knowledge, attitudes, and
beliefs. An analysis of broadcast news segments addressing COVID-19 in January and Febru-
ary revealed the most mentioned topics were death-related, whilst only a minority provided
information about preventing the spread of the virus [33]. These messages may arouse negative
emotions, which may motivate protective behaviour. On the other hand, however, they may
miss the opportunity to educate the public on adaptive ways to respond. Hence, it is unclear
what role frequency of checking the news plays in motivating behaviour change. This study
sought to clarify this relationship. We also examined the outlets that people used (e.g., official
vs. informal), and whether or not people sought to verify the accuracy of information (e.g., to
prevent the spread of misinformation and fake news).

Further, the way information is received and acted on depends on level of trust in the gov-
ernment and authority figures from which the messages come. The emerging research suggests
that those with greater trust in government and authorities are more likely to report compli-
ance with hygiene and avoidance behaviors [9]. To further examine how government percep-
tions relate to compliance, this study captured perceptions of government truthfulness,
satisfaction with the government’s response to the COVID-19 outbreak, and appropriateness
of the government’s reaction.

In sum, this research examined several different aspects of information consumption: fre-
quency, sources, tendencies to verify the accuracy of information, and attitudes towards gov-
ernment, aiming to provide valuable insights into how media use and consumption influence
compliance behaviour. This understanding can help in building recommendations about how
to communicate pandemic related messages effectively.

Future behaviours. We also captured people’s behavioural intentions by asking them to
indicate the reasons they expect to leave home for in the following week [34]. Whilst some
(e.g., going to work, going to the pharmacy) are legitimate reasons for leaving home, others
defy stay-at-home orders (e.g., meeting friends or relatives, getting bored). This was not
intended as a measure of compliance, but rather to provide a greater understanding of why
people are non-compliant with avoidant protective measures, and differences in reasons
between compliant and non-compliant groups. This is important for informing effective
behaviour change strategies which might address and accommodate for the reported reasons
for not staying home or social distancing.

International sampling

We drew a large sample from four English-speaking countries: United States (US), United
Kingdom (UK), Australia, and Canada. Although these countries share similar language, and
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social and cultural norms, the national governments of these four countries took varied
approaches in responding to COVID-19. Hence, country-level differences were examined.

The present study

The literature reviewed above has adopted a variable-centered approach to understanding
compliance, where the focus is on how variables relate to each other. By contrast, we adopted a
person-centred approach by using Latent Profile Analysis (LPA) to identify clusters/groups of
people within the general population who share similar patterns of COVID-19 behaviours and
attitudes and determine their situational and psychological profiles. This approach acknowl-
edges heterogeneity within the sample, providing important insights into how subgroups
within the sample differ from one another. Although LPA is largely a data-driven process, our
variables were theoretically drawn from a wide spectrum of psychology paradigms. The first
aim was to identify subgroups of individuals who clustered together on COVID-19-related
behaviours and attitudes, along with key demographics (age, education, physical health, and
pre-existing health conditions). The second aim was to examine differences between the sub-
groups (i.e., compliant and non-compliant), on personality, cognitive and decision-making
abilities, coping, information consumption, and cultural and political factors. The final aim
was to examine country and gender differences within subgroups. To the best of our knowl-
edge, this is the first study to provide a comprehensive psychological profile of compliant and
non-compliant groups of individuals. The pandemic is multi-faceted and complex, and our
approach reflects this complexity by integrating the literature in a holistic manner, which
allows us to combine multiple pieces of the puzzle, rather than focusing on a single, possibly
critical, but narrow, piece.

Method

Participants and procedure

Participants were recruited via snowball sampling (n = 290), a University participant recruit-
ment system (n = 415), and Prolific (n = 870). The final sample comprised 1575 participants,
including 609 (38.7%) from Australia (76.19% female, Mean age = 25.95, SD = 12.64); 366
(23.2%) from UK (66.39% female, Mean age = 35.21, SD = 14.51); 303 (19.2%) from Canada
(50.50% female, Mean age = 30.88, SD = 10.41); and 297 (18.8%) from US (54.88% female,
Mean age = 32.77, SD = 12.40). An additional 103 participants from non-English speaking
countries participated via social media recruitment, including Afghanistan (n = 1), Argentina
(n =1), Belgium (n = 1), China and Hong Kong (n = 16), Czech Republic (n = 1), France

(n =1), Germany (n = 23), Hungary (n = 1), Indonesia (n = 2), Republic of Ireland (n = 1),
Israel (n = 8), Japan (n = 1), Kyrgyzstan (n = 1), Malaysia (n = 1), Netherlands (n = 4), Norway
(n = 2), Philippines (n = 5), Republic of Korea (n = 5), Serbia (n = 2), Singapore (n = 7), Slove-
nia (n = 1), South Korea (n = 4), Sweden (n = 1), Thailand (n = 2), Macedonia (n = 1), and Tai-
wan (n = 10). Limited sample size within each of these countries precludes the ability to
provide comparisons, thus they are not included in this paper. An additional 46 people with a
large number of missing values (above 40%, with most above 80%) were deleted prior to analy-
ses. For the 1575 included participants, random missing data was imputed using the EM pro-
cedure prior to LPA. Non-random missing data was not imputed and relevant degrees of
freedom are reported in relevant tables. Those recruited via snowballing participated voluntar-
ily. University students participated in return for course credit. Participants recruited from
Prolific were compensated with approximately £2.50. The study was accessed online via Qual-
trics. Data was collected between 1" April and 20™ May 2020, during the first wave of the pan-
demic when recommendations and restrictions in the four countries sampled were generally
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to socially distance, adopt hygiene measures including hand-washing and sanitising, stay at
home except for essential reasons (e.g., health care, essential work, physical exercise, shopping
for essentials), and self-isolate and get tested if experiencing any symptoms. Participants com-
pleted an online survey which took approximately 30 to 40 minutes. They first answered ques-
tions about information consumption, followed by a demographics questionnaire consisting
of age, gender, birth country, country of residence, educational attainment, political orienta-
tion (from 1 = extremely conservative to 7 = extremely liberal), physical health level (from

0 = poor to 4 = excellent), and number of existing health conditions. They then completed the
Cognitive Reflection Test, followed by measures of resilience, COVID-19 behaviours, syllogis-
tic reasoning, adaptability, COVID-19 worry, intelligence, COVID-19 attitudes and beliefs,
coping, Big 5 personality, cultural tightness-looseness, right-wing authoritarianism, social con-
servatism, amorality, and reactance. Ethics approval was granted by the University of Sydney
Human Research Ethics Committee (protocol number 2020/184) and the University of Sas-
katchewan Behavioural Research Ethics Board (ID 1944).

Materials

In addition to using validated measures to capture constructs outlined in the introduction,
new scales were developed to capture COVID-19 behaviours and attitudes. Table 1 summa-
rises all measures used. This study was part of a larger COVID-19 research project. Data col-
lected for the Australian sample included additional measures which are outside the scope of
this paper.

Statistical analysis

14 variables including COVID-19 beliefs and behaviours, and demographic characteristics
(see Table 1 and Fig 1) were analysed using LPA to reveal potential groupings of individuals
sharing similar patterns of responses. To enable direct comparisons, variables were standard-
ised. A series of independent samples ¢-tests were conducted to examine differences between
the resulting profiles on measures capturing psychological factors, information consumption,
political and cultural factors, and future behaviours. To estimate power required, we employed
a typical heuristic for multivariate data analysis; a minimum of 10, but preferably 20 cases per
variable in the model [50, see also 51 for a review on LPA]. Thus, the sample size estimate was
a minimum of 280 participants in each country. Given time constraints, some measures (cog-
nitive ability and decision-making) were only collected for some individuals. Degrees of free-
dom are listed in tables in the Results section. R and Mplus statistical software packages were
used for all analyses.

Results
Latent Profile Analysis (LPA)

Selection of a solution. Both Latent Profile (LPA) and cluster analyses were conducted.
LPA and cluster analysis both focus on classifying the observations under study into groups
given their homogenous characteristics across a set of estimated values of the predictor vari-
ables. While the objectives are the same, the two approaches differ in several ways. What LPA
can do whilst clustering methods cannot is produce a set of ‘profiles’ in which each group will
have its own ‘profile’ consisting of the estimated values on the predictor variables. The ‘final’
modelling outcome of clustering methods is a hierarchical grouping of the units of analysis,
usually presented as a dendrogram. An additional benefit of LPA over clustering is the broad
range of fit indices that can be used to assess model fit and determine the optimal number of

PLOS ONE | https://doi.org/10.1371/journal.pone.0255268  July 29, 2021 7/22


https://doi.org/10.1371/journal.pone.0255268

PLOS ONE

Behaviours and attitudes during COVID-19

Table 1. Measures employed in this study.

Measure (Authors)

Number of items and response scale

Dimensions and example items

Internal
consistency
(previous studies)

LPA Profile Indicators: COVID-19 Measures

Self-Report Compliance (developed for
this study, see Appendix A in S1
Appendix)

4 items (1) strongly disagree to (5) strongly
agree

“I follow my government’s restrictions to protect myself
from COVID-19”

Protective Behaviours (adapted from
[34], see Appendix A in S1 Appendix)

12 items (0) does not apply at all to (100)
applies very much

Preventive: “I washed my hands more often” Avoidant: “I
stayed home” Management of illness: “If I had exhibited
symptoms of sickness, I would have immediately called a
doctor”

Prosocial and Antisocial Behaviours
(developed for this study, see Appendix
A in S1 Appendix)

8 items (0) does not apply at all to (100)
applies very much

Prosocial: “Provided more emotional support to strangers”
Antisocial: “Bought more products (e.g., groceries) from
the supermarket than you normally would”

COVID-19 Worry [34]. This measure
assessed concerns related to COVID-
19.

5 items (1) does not apply at all to (5)
strongly applies

“I am nervous when I think about current circumstances”

COVID-19 Beliefs (developed for this
study and adapted from [34], see
Appendix A in S1 Appendix).

10 items (1) strongly disagree to (5)
strongly agree

Response Efficacy: “Social distancing is effective in
slowing the spread of COVID-19” Perceived Benefits:
“People should cancel their participation at social
gatherings right now” Perceived Barriers: “Social
distancing will likely destroy our economy”

LPA Profile Indicators: Demographic characteristics

Age 1 item What is your age? -
Gender 1 item Which gender do you identify with? -
Physical Health 1 item (1) poor to (4) excellent How physically healthy are you? -

Pre-Existing Health Conditions

1 item

Consider the following list of health conditions:
immunosuppressed conditions, cardiovascular diseases,
diabetes, hepatitis B, chronic obstructive pulmonary
disease, chronic kidney diseases, and cancer. How many of
these conditions do you have?

Personality Measure

Mini International Personality Item
Pool [35]

20 items (1) very inaccurate to (5) very
accurate

Extraversion: “T am the life of the party” Agreeableness: “I
sympathize with others’ feelings” Conscientiousness: “I get
chores done right away” Neuroticism: “T have frequent
mood swings” Intellect/Openness: “I have a vivid
imagination”

.65 to .82 [35]

Cognitive and Decision-Making Abilities

Esoteric Analogies Test [36] 20 items LIGHT is to DARK as HAPPY is to: GLAD, SAD*, GAY, | .64and .76 [37, 38]
EAGER
Cognitive Reflection Test [39] 7 items A bat and a ball cost $1.10 in total. If the bat costs $1.00 .72 [39]
more than the ball, how much does the ball cost? [from
20]. Jerry received both the 15 highest and the 15™
lowest mark in the class. How many students are in the
class?
Syllogistic Reasoning Task [40] 8 items Decide whether the conclusion follows logically from the | .86 [41]
premises. Premise 1: All flowers have petals. Premise 2:
Roses have petals. Conclusion: Roses are flowers.
Resilience, Adaptability, Coping Measures
Connor-Davidson Resilience Scale 10 items (0) not true at all to (4) nearly “I can deal with whatever comes” .85 [42]
Short Version [42] always true
Individual Adaptability Scale [26]. 15 items (1) strongly disagree to (5) Two subscales were included in this study: Handling .74 to .81 [43]
strongly agree Crises: “T am able to maintain focus during emergencies”
Tolerance for Uncertainty: “I perform well in uncertain
situations”
Brief COPE Inventory [44] 28 items (1) I haven’t been doing this at all | 14 subscales “I've been turning to work or other things to | .50 to .90 [44]
to (4) I've been doing this a lot take my mind off things”
(Continued)
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Table 1. (Continued)

Measure (Authors) Number of items and response scale Dimensions and example items Internal

Political and Cultural Measures

consistency
(previous studies)

Government Truthfulness [34] 1 item (1) very untruthful to (5) very “How factually truthful do you think your country’s -
truthful government has been about the COVID-19 outbreak?”

Government Satisfaction [34] 1 item (1) very dissatisfied to (5) very “How satisfied are you with your country’s government -
satisfied response to the COVID-19 outbreak?”

Government Reaction [34] 1 item (1) not at all sufficient to (5) much | “Do you think the reaction of your country’s government -
too extreme to the COVID-19 outbreak is appropriate, too extreme, or

insufficient?”
Conservatism Scale [45] 3 items were selected from the 12-item “We have to respect our history and tradition” -

scale. This is a measure of social
conservatism [28] (1) fully disagree to (5)

fully agree
Right-Wing Authoritarianism Scale 3 items (1) fully disagree to (5) fully agree | “We should take strong action against misfits and slackers | .74 to .86 [46]
[46] in society”
Cultural Tightness-Looseness Index 6 items (1) strongly disagree to (6) strongly | “There are many social norms that people are supposed to | .85 [31]
[31] agree abide by in this country”
Hong Psychological Reactance Scale 14 items (1) strongly disagree to (6) “Regulations trigger a sense of resistance in me” .75 t0 .80 [48]
[47] strongly agree
Amoral Social Attitudes [49] 6 items (1) fully disagree to (5) fully agree. | “I hate obligations and responsibilities of any kind” -
Other COVID-19 Measures
Information Consumption (developed | 7 items (1) never to (5) all the time Which sources do you get information about COVID-19? -
for this study, see Appendix A in S1 Formal Sources: “Official Government websites” Casual
Appendix) Sources: “Social media”
Future Behaviours [34] 11 items (1) multiple times a day to (5) not | What are the reasons for you to leave home in the next -

at all week? e.g., going to work, walking a pet

https://doi.org/10.1371/journal.pone.0255268.t001

profiles. Thus, we adopted LPA. Still, given that LPA and cluster analysis may produce differ-
ent results [52], we also performed a hierarchical cluster analysis to check that the results were
robust. The cluster analysis results were consistent with those of the LPA in two important
ways: identifying the same two clusters (compliant and non-compliant) and identifying people
within each cluster.

LPA was performed for 26 class solutions, with 1 class as the default (see fit statistics in
Table 2). With the exception of entropy, a clear trend was observed for the model fit statistics
(AIC, BIC, adjusted BIC, and log-likelihood): solutions with a higher number of classes dem-
onstrated better model fit. This was further evidenced by the log-likelihood test indicating
that, as the number of classes increased, the improvement in model fit was statistically signifi-
cant for each successive solution. This was expected as a higher number of fitting parameters,
in principle, should lead to a better fit to the data than a smaller number of parameters.

The entropy value, however, was greatest for the 3-class solution but only marginally higher
than the 2-, 4-, and 5-class solutions (3-class = .963, 2-class = .952, 4-class = .957, 5-class = .943).
Thus, we turned our attention to the proportion of class membership and the interpretability of
each class. The 5-class solution had a single class comprising 2% of the sample (i.e., class 1),
thus, was a sub-optimal solution. The 2-, 3-, and 4-class solutions had adequate proportions of
members in each class and the average latent class probabilities for the most likely latent class
membership were all greater than 90% for the assigned class (see lower section of Table 2: high
values on the diagonal and low values off the diagonal indicate goodness of classification).

Based on interpretation of the 2-, 3-, and 4-class solutions (see Fig 1), there are two distinct
profiles: those who are compliant (pictured by a blue line in the 2-class solution, and blue,
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Fig 1. Latent profile groups for 2- (A) and 4-class (B) solutions. Error bars represent the standard error of the mean.

https://doi.org/10.1371/journal.pone.0255268.9001

green, and yellow lines in the 4-class solution) and those who are non-compliant with COVID-
19 protective measures (pictured by a red line for both the 2-class and 4-class solution). The
3-class solution offered little beyond the interpretation of the 2-class solution. However, the
4-class solution provided further insight into the characteristics of the large compliant group
based on demographics and health risk factors (see next section for class interpretation). Thus,
the 2- and 4-class solutions appear to be reasonable representations of the profiles.

Interpretation of the 4-class solution. The percentage of participants in each of the 4
classes were: 7% in Class 1 (n = 112), 43% in Class 2 (n = 677), 40% in Class 3 (n = 623), and
10% in Class 4 (n = 163). It should be pointed out that the number of people in Class 1, the
non-compliant group, is comparatively small. However, given the reality of the COVID-19
pandemic, even a small non-compliant group of people can be a major influence on the spread
of the virus (e.g., super-spreaders). Moreover, there were likely varying degrees of non-compli-
ance behaviours distributed amongst the other three classes, and borderline instances were
classified as non-compliant in the forthcoming 2-class model presented below, where 10% of
people comprised the non-compliant group.
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Table 2. Latent profile analysis based on COVID-19 behaviours and attitudes.

Classes in the model AIC Adjusted BIC | BIC Entropy LogL df p-value
Class 2 60585 60679 60816 0.952 -30250 -- -
Class 3 59610 59737 59921 0.963 -29747 1 < .001
Class 4 58053 58212 58444 0.957 -28953 1 < .001
Class 5 57603 57795 58075 0.943 -28714 1 <.001
Class 6 57295 57520 57847 0.928 -28544 1 <.001
Solution based on 2 classes Class counts and proportions for the Average latent class probabilities for most likely latent class membership (row) by
latent classes latent class (column)
Counts Proportions Class 1 Class 2
Class 1 164 .10 92 .08
Class 2 1411 .90 .01 .99
Solution based on 4 classes Class counts and proportions for the Average latent class probabilities for most likely latent class membership (row) by
latent classes latent class (column)
Counts Proportions Class 1 Class 2 Class 3 Class 4
Class 1 112 .07 .94 .04 .02 .00
Class 2 677 43 .00 .99 .01 .00
Class 3 623 .40 .00 .03 97 .00
Class 4 163 .10 .00 .00 .00 1

https://doi.org/10.1371/journal.pone.0255268.t1002

Fig 1A and 1B present mean scores on the 14 variables included in LPA. Demographic and
health characteristics for each Class are summarised in Table 3. Mean levels on the demo-
graphic variables were distinct for the four classes. Class 1 had the lowest mean scores on the
measures related to COVID-19, including avoidant, preventive, and management of illness
behaviours, self-reported compliance, worry about COVID-19, perceived benefits, response
efficacy, and perceived barriers beliefs (reverse-coded for ease of graphical representation).
Thus, this group appeared to be non-compliant with recommendations. Classes 2, 3, and 4 did
not differ from each other on the COVID-19 measures and appeared to be compliant with rec-
ommendations. For prosocial behaviours, Class 1 was slightly higher than Class 2 but did not
differ from Classes 3 or 4. There were no other differences between classes on pro- and anti-
social behaviours. Class 1 members are relatively young individuals (M = 29.1, SD = 12.8), cur-
rently with relatively low levels of education (average highest attainment being vocational/
trade certificate), good physical health, and no pre-existing health conditions.

Similar to Class 1, members of Class 2 are young, and indeed the youngest of the sample
(M =25.2,SD = 11.1), with good physical health, no pre-existing health conditions, and major-
ity currently at university (54% in this group were recruited from the University pool; majority
[87%] reported high school as their highest educational attainment). Dissimilar to Class 1, this
group of young people scored higher on COVID-19 measures, indicating compliance.

Classes 3 and 4 were also compliant with protective behaviours. Class 3 were approaching
middle age (M = 33.8, SD = 12.1), had the highest level of education (average highest attain-
ment being bachelor’s degree), good physical health, and no pre-existing health conditions.

Table 3. Mean demographic and health information for each class.

Class Age Education Health conditions Physical health
1 29.11 (12.79) 4.23 (1.49) 0.02 (0.13) 3.01 (0.62)
2 25.25(11.10) 3.11 (0.34) 0.00 (0.00) 2.99 (0.72)
3 33.84 (12.11) 6.26 (0.71) 0.00 (0.00) 3.00 (0.64)
4 39.33 (16.25) 5.03 (1.66) 1.23 (0.50) 2.40 (0.75)

https://doi.org/10.1371/journal.pone.0255268.t003
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Class 4 were also middle aged (M = 39.3, SD = 16.2), had the second highest level of education
(average highest attainment about associate degree), but reported impaired physical health and
pre-existing health conditions. We interpreted each class based on these within-class varia-
tions: Class 1 as “Non-compliant”; Class 2 as “Young and compliant”; Class 3 as “Educated and
compliant”; and Class 4 as “Vulnerable health and compliant”.

Given the main differences between the three compliant groups were found in age, educa-
tion and health, for parsimony, all further analyses were performed on the classes extracted in
the 2-class solution (Compliant and Non-compliant), which included a larger proportion of
participants (10% rather than 7%) in Class 1 (non-compliant). This increase is due to the
improved classification of borderline cases within the three compliant groups.

Country membership and gender in the 2-class solution. The relationships between the
latent classes, country of residence, and gender were examined via the proportion of partici-
pants belonging to each class (see Table 4). The majority of participants were compliant (Class
2), with the proportion ranging from 82% in the US to 94% in Canada and UK, and 86% for
male and 92% for female. A smaller proportion of individuals were non-compliant (Class 1),
with membership ranging from 6% for Canada and UK to 18% for the US, and 14% for males
and 8% for females. The US and Australia had a larger proportion of members in this class
compared to Canada and the UK. There were a greater proportion of males in the “Non-com-
pliant” class compared to females. Chi-square tests indicated that latent class had a significant
association with country of residence (X y - 1575 = 31.48, p < .001) and gender (X°;, x — 1575
= 1321, p < .01).

Differences between non-compliant and compliant classes in the 2-class solution.
Independent samples ¢-tests were conducted to examine differences between classes on psy-
chological, behavioural, and cultural variables.

Psychological variables. Compared to compliant individuals, non-compliant individuals
were significantly lower on Agreeableness, Intellect, and three coping strategies adaptive for
COVID-19 (self-distraction, active coping, planning), and significantly higher on Extraver-
sion, and three maladaptive coping strategies (denial, substance use, behavioural disengage-
ment; Table 5). It should be noted that self-distraction (being involved in other activities e.g.,
work, watching television, etc.) was originally proposed to be a maladaptive coping strategy.
However, during the lockdown period of the pandemic, this coping strategy was arguably an
adaptive coping mechanism, and we will discuss it as such. No other significant differences
were found.

We also conducted a series of between-subject ANOVAs with post-hoc contrasts (Tukey
HSD procedure) to examine cross-cultural differences on the coping strategies. Due to very
small effect sizes (n” ranged between .01 for denial, humour, planning, substance use and vent-
ing to .03 for religion), these results are briefly summarised here but presented in full in
Appendix B of the S1 Appendix. That is, compared with UK participants, Australians reported
significantly higher levels of adaptive coping strategies (humour and religion) and lower levels
of maladaptive coping strategies (denial and substance use). Compared with UK participants,
Americans also reported significantly higher levels of adaptive coping strategies (planning and
religion) and higher levels of a maladaptive coping strategy (venting). Compared with US par-
ticipants, Australians reported significantly lower levels of adaptive coping strategies (planning

Table 4. Proportion of individuals in LPA classes from each country and gender (N = 1575).

Class

1 Non-compliant

2 Compliant

https://doi.org/10.1371/journal.pone.0255268.t1004

Canada UK Us Male Female Total
.06 .06 .18 .14 .08 .10
94 94 .82 .86 92 .90
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Table 5. Independent samples t-tests on the difference between classes on psychological variables.

Measure IC | Mean Overall (SD)
Personality

Agreeableness .78 15.62 (3.13)
Conscientiousness .66 13.81 (3.20)
Extraversion .85 11.18 (4.09)
Intellect 72 15.13 (3.06)
Neuroticism .78 11.82 (3.63)
Cognitive Abilities

CRT accuracy 91 48.12 (33.55)
Belief accuracy .79 56.01 (29.92)
EAT accuracy 74 67.52 (19.44)
Trait accuracy .88 56.85 (23.33)
Resilience, Adaptability & Coping

Resilience .88 25.76 (6.32)
Adaptability .88 25.57 (4.02)
Active coping .64 5.02 (1.57)
Behavioural disengagement | .71 2.94 (1.31)
Denial 72 2.54 (1.08)
Emotional support .81 4.39 (1.75)
Humour .85 4.37 (1.85)
Instrumental Support .80 4.02 (1.61)
Planning .68 4.84 (1.60)
Positive reframing 77 5.04 (1.68)
Religion .87 3.17 (1.73)
Self-blame .58 3.08 (1.33)
Self-distraction 41 5.89 (1.54)
Substance Use .96 2.85 (1.47)
Venting .61 3.70 (1.40)

Note: IC = internal consistency estimate computed using Cronbach’s Alpha (a); d = Cohen’s d.

https://doi.org/10.1371/journal.pone.0255268.t005

Mean Non-compliant (SD)

14.73 (3.01)
13.62 (2.94)
12.14 (3.68)
14.67 (2.82)
11.54 (3.75)

45.76
53.02
64.45
55.50

36.74)
30.47)
20.85)
26.32)

~ |~ |~ |~

26.01 (6.45)
25.59 (3.96)
4.73 (1.59)
3.22 (1.46)
2.82 (1.41)
4.19 (1.84)
5.00 (1.89)
3.80 (1.61)
4.38 (1.63)
4.94 (1.7)
3.42(1.78)
3.18 (1.49)
5.32 (1.68)
3.19 (1.70)
3.77 (1.52)

Mean Compliant (SD)

15.73 (3.13)
13.83 (3.22)
11.07 (4.12)
15.18 (3.09)
11.85 (3.62)

48.47 (33.10)
56.44 (29.86)
67.95 (19.21)
57.03 (22.92)
25.73 (6.31)
25.57 (4.03)
5.05 (1.56)
2.91 (1.29)
2.50 (1.03)
4.41 (1.74)
4.29 (1.84)
4.04 (1.61)
4.89 (1.59)
5.05 (1.67)
3.14 (1.72)
3.07 (1.31)
5.95 (1.51)
2.81 (1.44)
3.69 (1.38)

df

1573
1573
1573
1573
1573

462
460
865
456

1573
1573
1573
1573
1573
1573
1573
1573
1573
1573
1573
1573
1573
1573
1573

-3.88
-0.81
3.16
-2.01
-1.04

-0.58
-0.81
-1.74
-0.46

0.54
0.04
-2.47
2.87
3.59
-1.50
4.68
-1.85
-3.86
-0.83
1.91
0.99
-5.01
3.10
0.72

<.001
42

<.001
.04
.30

.56
42
.08
.65

0.59
0.97
.01
<.001
<.001

<.001
.06
<.001
41
.06
.32
<.001
<.001
47

d

0.32
0.26
0.17

0.04
0.00
0.20
0.24
0.30

0.39

0.32

0.41
0.26

95% CI
Low | High
-1.50 | -0.49
-0.73 | 0.30
040 | 1.72
-1.00 | -0.01
-0.90 | 0.28

-11.90 | 6.49
-11.68 | 4.84
-7.46 0.44
-8.08 5.01
-0.74 1.30
-0.64 0.66
-0.57 | -0.07
0.10 | 0.52
0.14 | 0.49
-0.50 | 0.07
0.41 | 1.01
-0.51 | 0.01
-0.77 | -0.25
-0.39 0.16
-0.01 0.55
-0.11 0.32
-0.88 | -0.39
0.14 0.61
-0.14 0.31

and religion). Australians, however, reported significantly lower levels of denial (maladaptive
coping strategy) than participants from Canada. UK participants reported significantly lower

levels of religion (adaptive coping strategy) than participants from Canada.
Information consumption. Compared with the compliant class, the non-compliant class

checked the news and the legitimacy of sources significantly less, used fewer official sources
(e.g., government and health authority websites) for COVID-19 information, and had lower
levels of trust in information sources (Table 6).

Political and cultural variables. The non-compliant group was significantly lower than the

compliant group on ratings of government truthfulness and cultural tightness-looseness but
were higher on reactance and amorality (Table 7). A Mann-Whitney test indicated the two

classes differed in their rating of the government’s response from insufficient to too extreme
(W =49784, p < .001). None of the other variables differed between the classes.

Future behaviours. Non-compliant individuals anticipated leaving home significantly more

frequently than compliant individuals for the following reasons: 1. Going to work, 2. Physical
activity, 3. To get food, 4. To care for dependents, 5. To meet friends or family, 6. Religious rea-
sons, 7. Because they are bored, and 8. To exercise their right to freedom (Table 8). While the

PLOS ONE | https://doi.org/10.1371/journal.pone.0255268  July 29, 2021

13/22


https://doi.org/10.1371/journal.pone.0255268.t005
https://doi.org/10.1371/journal.pone.0255268

PLOS ONE Behaviours and attitudes during COVID-19

Table 6. Independent samples t-tests on the difference between classes on information consumption (df = 1573).

Measure Mean Overall (SD) Mean Non-compliant (SD) Mean Compliant (SD) t p d 95% CI
Low High
Check news 3.68 (1.03) 3.27 (1.10) 3.72 (1.01) -5.33 <.001 0.44 -0.61 -0.28
Official sources 0.00 (1.00) -0.34 (0.99) 0.04 (0.99) -4.57 <.001 0.38 -0.54 -0.21
Casual sources 0.00 (1.00) -0.10 (1.03) 0.01 (1.00) -1.29 .20 - -0.27 0.06
Source check 3.41(1.11) 3.16 (1.01) 3.44 (1.11) -3.02 <.001 0.25 -0.45 -0.10
Official trust 0.00 (1.00) -0.59 (1.22) 0.07 (0.95) -8.18 <.001 0.67 -0.82 -0.50
Casual trust 0.00 (1.00) -0.19 (0.95) 0.02 (1.00) -2.59 .01 0.21 -0.38 -0.05

Note: d = Cohen’s d. Given measurement restrictions of these variable, IC estimates were not estimated.

https://doi.org/10.1371/journal.pone.0255268.t006

first four reasons seem to be motivated by living and caring necessities, and, to various degrees,
were generally permitted in the four countries examined, the last four reasons were not consid-
ered essential reasons to leave home during the pandemic.

Particularly pronounced was the difference in intention to meet friends or family, which, at
the time of data collection was generally either recommended or mandated against in all four
countries.

Discussion

The current study is the first to provide a holistic view of the factors influencing behavioural
compliance with protective measures during COVID-19. In doing so, we integrated an exten-
sive battery of constructs based on theories from multiple paradigms, including epidemiology,
health, differential, and cultural psychology, revealing a complex picture of behaviour and the
need for targeted interventions. The novel person-centred approach offers insight into differ-
ent clusters/groups within the population based on behaviours, attitudes, and key demograph-
ics. The sample clustered into two broad groups: those compliant and those not. Whilst the
majority fell into the compliant group (90%); 10% of individuals reported non-compliant
behaviours and attitudes, which is enough to be cause for concern given the risk of exponential
spread.

The compliant and non-compliant groups differed on a number of variables, including
beliefs about protective measures, social attitudes, and personality. There was remarkable con-
sistency across the four countries surveyed; and surprisingly, the non-compliant group was
not populated simply by young people. The non-compliant group was the second youngest

Table 7. Series of t-tests on the difference between classes on political and cultural variables (df = 1573 for all variables but amorality [df = 409]).

Measure 1C Mean Overall (SD) Mean Non-compliant (SD) Mean Compliant (SD) t P d 95% CI
Low | High
Government truthfulness - 3.38 (1.24) 3.14 (1.10) 3.41 (1.24) -2.63 .01 0.22 | -0.46 | -0.07
Government satisfaction - 3.15(1.19) 3.09 (1.04) 3.16 (1.20) -0.72 A7 - -0.26 0.12
Conservatism 55 9.71 (2.44) 9.88 (2.17) 9.69 (2.47) 0.96 34 . 020 | 059
Reactance .86 40.07 (8.30) 43.54 (7.75) 39.66 (8.27) 572 | <.001 | 047 | 255 | 521
Cultural tight/loose .68 23.70 (3.70) 22.86 (3.46) 23.79 (3.72) -3.05 <.001 0.25 -1.53 -0.33
RWA 65 9.04 (2.30) 8.96 (2.19) 9.05 (2.32) -0.47 64 . 046 | 028
Amorality .64 13.90 (3.42) 14.98 (3.85) 13.75 (3.34) 2.39 .02 0.36 0.22 2.24

Note: IC = internal consistency estimate which was computed using Cronbach’s Alpha (o) for all variables; d = Cohen’s d; RWA = right-wing authoritarianism.

https://doi.org/10.1371/journal.pone.0255268.t007
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Table 8. Series of t-tests on the difference between classes on future behaviours (df = 938).

Measure Mean Overall (SD) Mean Non-compliant (SD) Mean Compliant (SD) t p d 95% CI
Low High
Going to work 4.21 (1.18) 3.68 (1.34) 4.29 (1.14) 5.30 <.001 0.52 0.38 0.83
Walking pet 4.30 (1.25) 4.4 (1.14) 4.28 (1.26) -1.00 32 B -0.36 0.12
Physical activity 3.28 (1.21) 3.06 (1.14) 3.31(1.21) 2.12 .03 0.21 0.02 0.48
Get food 3.58 (0.75) 3.36 (0.83) 3.61 (0.73) 3.37 <.001 0.33 0.10 0.39
Pharmacy 4.67 (0.58) 4.61 (0.69) 4.68 (0.56) 1.22 22 - -0.04 0.18
Medical treatment 4.92 (0.35) 4.92 (0.39) 4.92(0.34) -0.17 .86 - -0.07 0.06
Care dependents 4.76 (0.70) 4.61 (0.83) 4.78 (0.68) 2.55 .01 0.25 0.04 0.31
Meet friends/family 4.67 (0.65) 4.13 (0.91) 4.75 (0.56) 10.32 <.001 1.03 0.51 0.74
Religion 4.97 (0.29) 4.86 (0.56) 4.98 (0.22) 4.50 <.001 0.46 0.07 0.18
Bored 4.08 (1.14) 3.47 (1.23) 417 (1.1) 6.36 <.001 0.63 0.48 0.91
Right to freedom 4.55 (0.93) 3.82 (1.27) 4.66 (0.82) 9.62 < .001 0.96 0.67 1.01

Note: d = Cohen’s d.

https://doi.org/10.1371/journal.pone.0255268.t008

amongst four identified sub-groups, however, and the youngest individuals formed a distinct
cluster within the three compliant groups. In the two-class solution, compliant and non-com-
pliant groups did not differ in age. This finding runs contrary to the oft-promoted media ste-
reotype of the young, COVID-indifferent partygoers neglecting restrictions. The picture we
discovered was much more complex and key take-away findings are discussed below.

Compliance rates

Overall, we found a promisingly high (90%) rate of compliance, and each of the four countries
displayed relatively similar compliance rates. However, we note that this sample was drawn
early in the pandemic. These rates of compliance may change as the pandemic prolongs and
people become more complacent. Further, country-level differences are likely to become more
pronounced given the major differences between countries’ trajectories and regulations since
the first wave.

Differences in demographics and attitudes towards protective measures

The compliant group endorsed protective measures as beneficial and effective in leading to
better health-related outcomes. By contrast, the non-compliant group appeared concerned
with the social and economic cost of such measures. These findings align with health behav-
iour frameworks which propose that behaviour change is, in part, motivated by perceptions
about the efficacy, benefits, and costs of behaviours [13, 14]. Compliant and non-compliant
groups differed in their level of worry about COVID-19, consistent with pre-COVID and
emerging COVID-19 research showing worry or fear is an important driver of positive behav-
iour change [2, 3, 6, 8, 12]. These findings support the Health Belief Model and Protection
Motivation Theory which suggest that perceptions of severity of the threat, vulnerability to
infection, efficacy of protective behaviours, self-efficacy, and perceived benefits and barriers of
protective actions are the key beliefs driving health behaviour change and compliance [13, 14].
Although based on correlational data, these results stress the importance of targeting these per-
ceptions to increase compliance.

Notably, on average, the groups did not differ on age, education, or physical health, nor
were there differences in pro- or anti-social behaviours. Consistent with previous research,
females showed higher rates of compliance than males [15].
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The four-class solution allowed for a more nuanced view of the large compliant group,
which split into three distinct groups, offering insight into possible motivations behind com-
pliance. The largest group (Class 2) were the youngest, and largely university students. The sec-
ond largest group (Class 3) were middle-aged and more highly educated; and a minority fit
into a third compliant class (Class 4), who were older and had poorer physical health. To our
knowledge, although intuitive, no previous study has demonstrated the existence of these clas-
sifications within the compliant population.

Personality differentiates compliant and non-compliant groups

Unsurprisingly, the non-compliant group were more extraverted. This group indicated their
plans to visit family and friends in the forthcoming week, characteristically extraverted behav-
iours. However, such behaviours are especially worrisome at the time of pandemic. Although
it is difficult to change a psychological trait, to increase compliance, the self-centredness of cer-
tain manifestations of trait extraversion may need to be targeted, as they present a health risk
factor to others.

Consistent with some emerging COVID-19 findings, the compliant group scored higher on
intellect/openness and agreeableness [18, 19]. Contrary to what other COVID-19 research sug-
gests [19, 53] we did not find any differences in conscientiousness or neuroticism between
groups. Similarly, perceptions of being resilient and adaptable did not promote compliance
during the first wave. This, however, may be the result of sampling during the first few months
of the pandemic and the results may change with prolonged exposure to restrictions as the
pandemic continues.

Finally, the compliant group were more likely to cope adaptively by self-distraction,
planning, and using active strategies; whilst non-compliant people were more likely to cope
through denial, substance use, and behavioural disengagement. This research was correla-
tional; thus, no causal mechanism is implied. Instead, we suggest that future studies, should
examine whether the promotion and acceptance of more adaptive strategies will lead to bet-
ter management of isolation and boredom, and help to increase and maintain compliance.
If this is the case, intervention strategies should include promotion and education of adap-
tive strategies, which might be disseminated through mainstream and social media in
engaging ways.

Information consumption

The compliant group reported greater use of official government and health information
sources than the non-compliant group, suggesting compliant people are better-informed
about COVID-19. Also supporting this notion, non-compliant individuals tend to check the
legitimacy of sources less than compliant individuals. The groups did not differ in their use of
casual information sources (e.g., social media, conversations), highlighting the potential for
utilising casual sources for the dissemination of official information. The compliant group
checked the news more frequently and expressed greater trust in all information sources than
the non-compliant group. Research from the Avian flu pandemic showed that trust in both
formal and informal information sources was associated with greater worry, and trust in for-
mal information was linked to greater perceived effectiveness of hygiene behaviours [4]. It is
possible that more frequent news-checking has similar impacts on worry and perceptions of
protective behaviours, thus promoting compliance. Future studies should determine whether
the dissemination of official and reliable information in accessible form (e.g., memes, short
messages and videos) via a variety of news outlets, including casual (e.g., social media), may
increase rates of compliance in the non-compliant group. However, this would require people
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to accurately evaluate the legitimacy of information to distinguish between official information
and that which is not credible. Thus, targeted interventions focusing on education about how
to check the credibility of information, would be of critical importance to foster greater recog-
nition of fake and misleading news.

Attitudes towards government and other cultural factors

Compliant individuals perceived their government as being more truthful than those non-
compliant, though there were no differences in reports of satisfaction with their govern-
ment’s response. Contradictorily, groups differed in their responses when asked whether
they thought their government’s reaction to the COVID-19 outbreak was appropriate, too
extreme, or insufficient; such that the compliant group was more likely to perceive their
government’s reaction to be insufficient compared to the non-compliant group. This aligns
with Fetzer et al.’s [34] finding that perceiving the government’s response to be insufficient
is associated with greater worry about COVID-19, which in turn may motivate compliance.
Conversely, the non-compliant group scored higher on reactance, indicating they are more
likely to perceive rules as a threat to their freedom and thus resist them. Consistently, the
non-compliant group reported looser cultural norms and higher amorality. A ‘loose’ cul-
ture is characterised by valuing freedom, hence is less accustomed to strict social norms
such as those imposed during the pandemic. However, we note that the countries sampled
are relatively culturally similar. High scores on amorality indicate disregard for moral val-
ues within society and are associated with self-interested behavioural choices that ignore
COVID-19 guidelines. Whilst no causality is implied, it is possible that emphasising the
message of common goals and moral responsibilities at the time of a global health crisis
may foster higher compliance rates. Future studies should examine the most efficient mes-
saging to target self-interests, reactance, and perceptions of looser cultural norms.

Implications and future directions

Heterogeneity in the population poses a challenge to implementing widespread behaviour
change policies. These strategies should be targeted for different profiles of individuals and
focus on increasing the perceived benefits and efficacy of protective measures, reducing barri-
ers, and fostering a functional level of worry. Several directions for future studies have already
been proposed. The section below covers further implications of our findings.

Non-compliant individuals appear to distrust and be sceptical of both formal and informal
information sources. Further research is needed to identify sources considered trustworthy by
this group in order to optimise communication of health advice.

Maintaining compliance as restrictions remain in place for a prolonged period is critically
important. Perceptions of being resilient and adaptable did not promote compliance during
the first wave in our overall sample. However, it would be fruitful to examine resilience and
adaptability beyond the first wave, under the threat of future waves and lockdowns. Further,
perceptions of one’s resilience may change as the pandemic prolongs. Some might succumb to
the challenges of the pandemic experience, whilst others may discover their strength and expe-
rience resilient growth, with both changes having profound effects on mental health.

Lastly, this study was conducted in the early stages of the pandemic. Mobile tracking data
from several European countries suggests that people stayed home substantially less during the
second wave from late 2020 to early 2021 than they did during the first wave [54]. Thus, further
research is needed to examine whether the same profiles and predictors of behaviours emerge
in these later stages when rates of compliance and behaviour change have fluctuated.
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Strengths and limitations

As a strength, this study addresses the intention-behaviour gap issue prominent in health
behaviour research. Our measure of compliance captured behaviours within a critical period
rather than asking participants to recall past behaviours. Equally important, we captured a
comprehensive range of constructs, providing a holistic view of factors drawn from different
psychology paradigms, which extends upon current research by integrating person- and vari-
able-centred approaches to profile and examine characteristics of individuals. These findings
may be used to inform strategies for improving and maintaining behaviour change.

We collected data from a large and diverse sample of people in four countries, giving good
power and generalisability within that sample. However, a small proportion (18.4%) were col-
lected using snowball recruitment, and using a university student pool (26.3%), contributing
to selection bias. We also acknowledge that the interpretation is limited by the fact we sampled
‘WEIRD’ (Western, educated, industrialised, rich, democratic) countries. Though emerging
research from other countries has reported findings consistent with ours. For example, distrust
in government authorities was associated with non-compliance in Swiss [55], Nigerian [56],
Italian, and French samples [57]. Additionally, males and those with less moral values showed
lower compliance in Swiss adults [55], as did those with no worry about COVID-19 in Italian
and French samples [57]. Further, perceived benefits and efficacy of protective measures have
emerged as strong predictors of compliance across samples from a range of countries includ-
ing Switzerland [58], Ethiopia [59], and China [60]. Nevertheless, we managed to capture a rel-
atively heterogeneous sample, varying in age, gender, levels of education, pre-existing health
conditions, and economic situation.

We also used brief versions of several scales and their psychometric properties may limit
reliability. However, with few exceptions, most measures had reasonable to excellent reliability
estimates. Newly developed measures showed promising preliminary psychometric properties
but require further validation.

Moreover, while we captured different levels of education this research did not capture any
other socio-economic status (SES) metrics. The emerging results indicate that in the USA,
higher SES was related to earlier incidences of COVID-19 cases, but as regulations of social
distancing were imposed, the growth of incidents was slower in higher SES countries with
lower case fatality rates [61]. Future research needs to determine economic and social condi-
tions that may have disadvantaged different populations as the pandemic progressed within
the four countries examined in this research and across the globe. For instance, density of liv-
ing situations, and reduced capacity to access healthcare, reliable information, and to work
from home are important barriers to overall compliance behaviours.

Finally, during the time of data collection, with some caveats, the four countries sampled
had employed similar approaches to controlling the spread of COVID-19. This likely contrib-
uted to consistency between the four countries surveyed in the profiles identified and their
characteristics. Although the consistency in personal characteristics and behavioural patterns
across four countries is encouraging, this finding needs to be replicated and extended as the
rules and conditions change in these four countries.

Overall conclusion

Compliance with protective behaviours is paramount in containing the COVID-19 pandemic
and allowing people to return to their everyday activities under the new ‘COVID normal’. This
research is the first to adopt a person-centred approach, whilst capturing a comprehensive
suite of constructs from multiple paradigms within psychology and beyond. This allowed us to
clarify the complex nature of compliant and non-compliant behaviours. By promoting greater
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appreciation of the complexity of behaviour during COVID-19, this research provides a criti-
cal platform to inform future studies, public health policy, and targeted behaviour change
interventions during pandemics.

The non-compliant group expressed greater agreement with statements that protective
measures are costly and inconvenient than the compliant group, and were less worried about
COVID-19 than the compliant group. Further, the non-compliant group was less agreeable,
more extraverted, lower on intellect/openness, and more likely to cope with COVID-19
through denial, substance use, and behavioural disengagement. They also checked the news
and official sources for COVID-19 information less frequently, were less likely to verify the
accuracy of information, and reported less trust in information sources and the government.
The non-compliant group scored higher on reactance—indicating they are more motivated to
fight for their individual freedom; perceived their culture as looser—indicating perceptions
that individual freedom is of high value; and scored higher on amorality—indicating greater
self-interest and disregard for social obligations than the compliant group. Alarmingly, the
non-compliant group were more likely than the compliant group to leave their home in the
following week to meet friends/family, for religious reasons, because they are bored, and to
exercise their right to freedom. These differences highlight a number of important characteris-
tics of non-compliers which could be targeted to improve compliance. For instance, the com-
pliant group used more adaptive coping strategies including distraction, active coping, and
planning. Public education and the promotion of adaptive coping strategies may thus help to
enhance compliance with protective measures. Further, these findings highlight the impor-
tance of regulating and monitoring misinformation as non-compliers appear not to use official
sources for COVID-19 information, nor do they tend to verify the legitimacy of information.
Hence, disseminating official information through a variety of casual sources might reach a
larger audience; however, education is needed about how to evaluate the credibility informa-
tion. Lastly, framing public health messages to appeal to self-interests may also be more effec-
tive in promoting positive behaviour change amongst non-compliant people than appealing to
social obligations and the need to protect others.
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