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ABSTRACT
Background Governments have implemented a range 
of measures to tackle COVID- 19, primarily focusing 
on changing citizens’ behaviours in order to lower the 
transmission of the virus. Few studies have looked at the 
patterns of compliance with different measures within 
individuals: whether people comply with all measures or 
selectively choose some but not others. Such research 
is important for designing interventions to increase 
compliance.
Methods We used cross- sectional data from 20 947 UK 
adults in the COVID- 19 Social Study collected from 17 
November to 23 December 2020. Self- report compliance 
was assessed with six behaviours: mask wearing, hand 
washing, indoor household mixing, outdoor household 
mixing, social distancing and compliance with other 
guidelines. Patterns of compliance behaviour were 
identified using latent class analysis, and multinomial 
logistic regression was used to assess demographic, 
socioeconomic and personality predictors of behaviour 
patterns.
Results We selected a four- latent class solution. Most 
individuals reported similar levels of compliance across 
the six behaviour measures. High level of compliance 
was the modal response. Lower self- reported compliance 
was related to young age, high risk- taking behaviour, 
low confidence in government and low empathy, among 
other factors. Looking at individual behaviours, mask 
wearing had the highest level of compliance while 
compliance with social distancing was relatively low.
Conclusion Results suggest that individuals choose 
to comply with all guidelines, rather than some but not 
others. Strategies to increase compliance should focus 
on increasing general motivations to comply alongside 
specifically encouraging social distancing.

INTRODUCTION
Governments have implemented a series of 
measures to tackle the spread of COVID- 19. Many 
of these measures have focused on changing citi-
zens’ behaviours, such as advertising personal 
hygiene reminders (eg, washing hands), mandating 
the wearing of face masks, recommending social 
distancing in public spaces and prohibiting house-
hold mixing. These interventions are effective at 
reducing the spread of the virus1 but require volun-
tary cooperation on behalf of citizens. Compliance 
with these behaviours is not complete.2 3

Given the importance of these measures for tack-
ling pandemics, a sizeable literature has emerged on 
the determinants and predictors of compliance, both 

during the current pandemic4 and from previous 
epidemics.5 Many of these studies have focused on 
specific behaviours6 or on compliance with guide-
lines in general.7 8 However, an understudied area 
is how compliance behaviours ‘cluster’ within indi-
viduals; for instance, whether individuals perform 
some behaviours and not others. Understanding 
patterns of compliance is important as it may reveal 
information on behaviours individuals find particu-
larly difficult.

Studies from the current pandemic9–12 and 
previous epidemics13 using a range of method-
ological approaches, including cluster analysis,10 
factor analysis9 12 14 and latent class analysis,11 13 
have found several distinct patterns in compliance 
behaviours (though, also see ref 14). For instance, a 
recent German study identified a small group of indi-
viduals intending to comply only with behaviours 
performed in public, such as social distancing and 
avoiding mass events.11 However, existing studies 
are typically based on small samples, use data from 
an early stage of the COVID- 19 pandemic (which 
is limiting as predictors differ through time8 15) or 
have looked at compliance intentions, rather than 
performed behaviours.

Therefore, in this study we explored patterns 
on self- reported compliance with six COVID- 19 
preventive behaviours using data from a sample of 
20 000 UK adults 8 months after lockdown was first 
implemented in the UK. We further tested whether 
behavioural patterns were related to a wide range of 
demographic, socioeconomic and personality trait 
characteristics.

METHODS
Participants
We used data from the COVID- 19 Social Study; a 
large panel study of the psychological and social 
experiences of over 70 000 adults (aged 18+) in 
the UK during the COVID- 19 pandemic. The study 
commenced on 21 March 2020 and involved online 
weekly (from August 2020, monthly) data collec-
tion across the pandemic in the UK. The study is 
not random and therefore is not representative of 
the UK population, but it does contain a heteroge-
neous sample. The sample was recruited using three 
primary approaches. First, convenience sampling 
was used, including promoting the study through 
existing networks and mailing lists (including large 
databases of adults who had previously consented 
to be involved in health research across the UK), 
print and digital media coverage and social media. 
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Second, more targeted recruitment was undertaken focusing on 
(1) individuals from a low- income background, (2) individuals 
with no or few educational qualifications, and (3) individuals 
who were unemployed. Third, the study was promoted via part-
nerships with third sector organisations to vulnerable groups, 
including adults with pre- existing mental health conditions, 
older adults, carers and people experiencing domestic violence 
or abuse. The study protocol and user guide (which includes full 
details on recruitment, retention, data cleaning, weighting and 
sample demographics) are available at https://osfio/aswqc/.

A module on compliance behaviours was included in the 
survey between 17 November and 23 December 2020. For these 
analyses, we focused on individuals with complete observed 
compliance behaviours (n=21 066; 91.6% of individuals inter-
viewed between these dates). We excluded participants with 
missing data on key demographic data that we used to construct 
survey weights (n=119), leaving a sample of 20 947. This sample 
represents 29.5% of those with data collection by 23 December 
2020. We used entropy balance weighting to create survey 
weights to weight the data according to age group, gender, 
ethnicity, country of residence and educational level using UK 
population statistics (see study user guide for source data), trun-
cating weights below the 1% percentile and above the 99% 
percentile to reduce the influence of extreme values.

The period from 17 November to 23 December 2020 overlaps 
with the second wave of COVID- 19 in the UK in which there 
were several changes to COVID- 19- related rules. The main UK 
government public health messages regarding COVID- 19 during 
this period were Hands, Face, Space and Stay Alert, Control the 
Virus, Save Lives. Description of changes to COVID- 19- related 
rules is provided in the online supplemental information. Online 
supplemental figure S1 shows 7- day COVID- 19 case loads 
and confirmed deaths, along with the Oxford Policy Tracker, 
a numerical summary of policy stringency,16 across the study 
period.

Measures
Compliance behaviours
We analysed six compliance behaviours: hand washing, face 
mask wearing, social distancing, household mixing indoors, 
household mixing outdoors and compliance with other guide-
lines. Participants were asked for their compliance with these 
behaviours over the previous 7 days (see online supplemental 
information for question precise wording). The response cate-
gories were: never, rarely, occasionally, frequently and always. 
Items on household mixing were phrased such that higher scores 
indicated lower compliance. We reverse coded these for consis-
tency with the other behaviours.

Predictors of compliance behaviour
We assessed a range of demographic, socioeconomic and person-
ality trait characteristics as predictors of compliance behaviour. 
We selected these predictors using previous results from the 
COVID- 19 Social Study8 and considering the COM- B (capa-
bility, opportunity, motivation and behaviour) framework of 
health behaviour.17 The COM- B model posits that behaviour is 
determined by (subjective and objective) capability, social and 
physical opportunity for action and autonomic and reflective 
motivation.

For capability to comply, we included variables for external 
locus of control, neighbourhood crowding, annual household 
income, educational level and diagnosed psychiatric condition. 
For opportunity to comply, we included variables for country 

of residence (England/Wales/Northern Ireland (NI) vs Scotland) 
and lockdown tier (Lockdown, Tier 1, Tier 2, Tier 3, Wales, 
NI), household income, date of data collection (modelled with 
natural cubic splines with 2 df to capture non- linearities) and 
ethnicity. (Note the coding of country of residence and tier vari-
able was to ensure non- collinearity in the two variables.) For 
motivation to comply, we include variables for long- term phys-
ical health conditions (0, 1, 2+), age (18–29, 30–45, 46–59, 
60+), gender, keyworker status (employment in UK government 
identified ‘keyworker’ role (see online supplemental information 
for specific roles)), self- isolation during first data collection, Big 
Five personality traits (openness, conscientiousness, extraver-
sion, agreeableness and neuroticism), trait empathy, risk taking, 
household overcrowding (1+ persons per room), living arrange-
ment (alone, not alone without child, not alone with child), 
confidence in government and mental health experiences during 
the first lockdown (same, better or worse vis-à-vis prior to the 
pandemic). Many of these variables were measured at baseline 
data collection or in modules contained in the survey prior to 
measurement of compliance. More details on the measurement 
of the variables in this analysis are provided in the online supple-
mental information.

Statistical analysis
We estimated latent class models using robust maximum like-
lihood estimation with 2000 sets of random starting values, 
repeated for one to nine latent classes. Compliance variables 
were treated as ordered categorical variables in these models. We 
selected the final model considering the Bayesian information 
criterion (BIC) and entropy values, average latent class probabil-
ities and substantive interpretation of the classes identified. We 
included survey weights in models and so were not able to use 
the bootstrapped likelihood ratio test for model selection.

After selecting a final latent class solution, we estimated a 
multinomial logistic regression model to predict compliance 
patterns according to demographic, socioeconomic and psycho-
logical factors using the three- step approach.18 All covariates 
were added to the model simultaneously. We used the three- step 
approach as this ensures that the latent class solution is unaltered 
by the inclusion of predictors in the model, while allowing for 
uncertainty in latent class membership to be propagated into the 
multinomial logistic regression results. Due to data missingness, 
we used multiple imputation in these models (40 imputed data 
sets, 10 iterations). Data were imputed using the mice R pack-
ages with continuous variables imputed using predictive mean 
matching and categorical variables imputed using multinomial 
logistic regression. Latent class probabilities were included as 
auxiliary variables in the imputation models.

We found that average compliance levels differed across the 
six compliance behaviours. Consequently, as a further analysis, 
we also estimated models of the predictors of individual compli-
ance behaviours using ordinal regression. We again used multiple 
imputed data for these models, with separate imputations run 
for each compliance measure (40 data sets, 10 iterations). No 
auxiliary variables were included in these models.

In the regression results, we scaled continuous variables, such 
that a one- unit change is equivalent to 2 SD change in the vari-
able to allow comparison with categorical variables.19 The code 
to replicate the analysis is available at https://osfio/aswqc/.

Role of the funding source
The funders had no final role in the study design; in the collec-
tion, analysis and interpretation of data; in the writing of the 
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report; or in the decision to submit the paper for publication. All 
researchers listed as authors are independent from the funders 
and all final decisions about the research were taken by the 
investigators and were unrestricted.

RESULTS
Descriptive statistics
Sample descriptive statistics are shown in online supplemental 
table S1. The unweighted sample was disproportionately female, 
of older age, white and highly educated. The distributions of 
the individual compliance behaviours are displayed in figure 1. 
For each of the behaviours, the majority of participants reported 
frequent or complete compliance. Full compliance was greatest 
for mask wearing and indoor and outdoor social mixing. Lowest 
compliance levels were observed for hand washing and social 
distancing. Exploratory factor analysis of the six items iden-
tified two factors with eigenvalues greater than 1 (polychoric 
correlations; promax rotation). Items on mask wearing, other 
guidelines, hand washing and social distancing loaded onto one 
factor and the two items on household mixing loaded onto the 
other (for factor loadings, see online supplemental figure S2). 
The correlation between the factors was 0.41. Cronbach’s α was 
0.61 for the six items.

Patterns of compliance behaviour
Fit statistics for the latent class analysis models are displayed in 
table 1. A BIC ‘elbow’ plot is provided in online supplemental 
figure S3. We selected a four- class solution as this had an entropy 
value above 0.8 and provided qualitatively different classes to 
the more restrictive three- class solution, while the less parsimo-
nious five- class solution provided substantively similar results. 
Mean values for each behaviour according to class for the four- 
class solution are displayed in figure 2 (online supplemental file 
1 alternatively displays this information as predicted probabili-
ties). Sample sizes and latent class probabilities are displayed in 
table 2. Average class probabilities (the average predicted proba-
bility of an individual assigned to their most likely class actually 
belonging to that class) were over 0.81 in each case.

The majority of participants were predicted to be full 
compliers (class 1: 52.5%), reporting high compliance levels 
with each of the behaviours. A large minority of individuals 
(class 2: 36.7%) were frequent compliers, exhibiting frequent 
or complete compliance with each behaviour. Compared with 
full compliers, these individuals reported similar compliance 
with mask wearing and somewhat lower compliance with social 
distancing, hand sanitising and compliance with other guide-
lines. A small minority were occasional compliers (class 3: 
6.3%), reporting occasional or frequent compliance with each 
behaviour. Again, these individuals reported highest compliance 
with mask wearing and lower compliance with social distancing 
and other behaviours. Full, frequent and occasional compliers 
displayed broadly consistent levels of compliance across 
behaviours, while the final group, household mixers (class 4: 
4.5%), instead reported high compliance with each behaviour, 
except household mixing, for which they reported non- 
compliance. Note, however, that the items on household mixing 
were reverse coded, and so this pattern may be explained by 
participant inattention.

Figure 1 Distribution of compliance by behaviour. Response categories: 1. Never, 2. Rarely, 3. Occasionally, 4. Frequently, 5. Always. Items on 
household mixing were phrased with higher values indicating lower compliance, and so are reverse coded for consistency with the other items.

Table 1 Latent class analysis fit statistics

Classes AIC BIC Entropy

Average class probability

Min Max

1 201 155 201 346 1.000 1.00

2 184 808 185 198 0.75 0.900 0.94

3 179 920 180 508 0.84 0.870 0.97

4 176 180 176 967 0.82 0.811 0.95

5 174 645 175 631 0.77 0.770 0.95

6 173 956 175 141 0.79 0.767 0.97

7 173 317 174 700 0.80 0.678 0.97

8 172 981 174 563 0.81 0.678 0.97

9 172 653 174 433 0.79 0.608 0.97

AIC, Akaike information criterion; BIC, Bayesian information criterion.
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Predictors of compliance patterns
Descriptive statistics by most likely class are displayed in online 
supplemental table S2. The predictors of the compliance patterns 
drawn from the three- step multinomial regression model are 
displayed in figure 3 (see online supplemental file 1 for specific 
values). Compared with full compliers, there was clear evidence 
that frequent compliers (left panel) have lower confidence in 
government, lower empathy, and a greater external locus of 
control, are younger, more risk taking, have lower trait open-
ness, are less conscientious and are less likely to have been self- 
isolating at first data collection or have a long- term condition. 
Of these factors, age (60+ vs 18–29: OR=0.36, 95% CI 0.26 
to 0.5) and risk- taking behaviour (OR=1.5, 95% CI 1.37 to 
1.64) were particularly strongly related to frequent compliance. 
Qualitatively similar results were observed comparing occasional 
compliers with full compliers, with the exception that there was 
also stronger evidence that individuals whose mental health 
did not stay the same during the first national lockdown were 
more likely to be occasional compliers, though both improved 
and worsened mental health were related to occasional compli-
ance. Association between occasional compliance and age (60+ 
vs 18–29: OR=0.16, 95% CI 0.09 to 0.31) and risk- taking 
behaviour (OR=2.9, 95% CI 2.29 to 3.68) was also particularly 
strong. Few factors were clearly related to household mixing 
(exceptions were ethnicity, risk behaviour and gender), which 
again may suggest this category reflects inattentive responses.

Predictors of individual compliance behaviours
The results of ordinal regression models predicting individual 
compliance behaviours are displayed in online supplemental 
figure S5 (see online supplemental table S4 for specific values). 
Associations between compliance and individual characteristics 
were generally consistent across different compliance behaviours. 
Again, risk behaviour and age were strong predictors of compli-
ance. There were some specificities in the findings, however. For 
instance, trait extraversion was most strongly related to lower 
compliance with indoor and outdoor household mixing guide-
lines (ORs=0.75 (0.69, 0.81) and 0.65 (0.61, 0.7), respectively).

DISCUSSION
Using latent class analysis, we identified four groups of compli-
ance behaviours. While some behaviours, such as face mask 
wearing, were performed more frequently overall, most indi-
viduals reported broadly consistent levels of compliance across 
the six behaviours. Further, high level of compliance across each 
behaviour was the modal response. A small minority of individ-
uals reported low compliance levels on household mixing but 
not other measures, though this may be explained by inattentive 
responses. Behaviour patterns and compliance with individual 
behaviours were each related to individual characteristics. Most 
notably, there was evidence that high compliance was strongly 
related to older age and to lower risk- taking behaviour, consis-
tent with previous research using the COVID- 19 Social Study.8 
Both of these represent motivations for compliance, and are 
consistent with a previous study applying the COM- B model to 
COVID- 19 hygiene practices that identified motivation as the 
most important predictor of compliance behaviour.20 However, 
it should be noted that large differences have been observed 
between longitudinal and cross- sectional associations with indi-
vidual characteristics and compliance.7

The results suggest that individuals choose to comply with all 
guidelines, rather than some but not others. This suggests that 
strategies to increase compliance should focus on increasing 
motivations to comply in general, for instance, through 
campaigns advertising the risks of non- compliance for personal, 

Figure 2 Average compliance levels by latent class.

Table 2 Average latent class membership probability (column) by 
most likely latent class (row), and expected sample sizes by latent class

Class

Average class probability

n (%)1 2 3 4

1 0.954 0.045 0.000 0.000 11 006.29 (52.54)

2 0.161 0.824 0.014 0.001 7691.16 (36.72)

3 0.006 0.169 0.811 0.014 1310.42 (6.26)

4 0.032 0.014 0.013 0.941 939.13 (4.48)
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family and public health (of which the UK government’s Stay 
Home, Protect the NHS, Save Lives campaign is an example). 
This is supported by the results of several experimental studies 
that show intentions to practise preventive behaviours are higher 
following public health messaging that emphasises the risks of 
COVID- 19 for one’s self and others.21–23

Reported compliance was high; a notable finding given that 
data were collected 8 months after the first lockdown in the 
UK and fears at the beginning of the pandemic that extended 
lockdown may induce ‘behavioural fatigue’24 (though, also see 
ref25–28). Compared with the other behaviours, compliance 
with social distancing was relatively low. This may reflect the 
issue that individuals’ capacity to socially distance is constrained 
by the behaviour of others and the environment (for instance, 
due to the layout of shops). Given the higher level of compli-
ance with other measures, the results suggest that lower compli-
ance with social distancing is not a matter of low willingness 
to comply, though it is also possible that non- compliance with 
social distancing is opportunistic, for instance, when meeting 
friends. Compliance with mask wearing was particularly high, 
frequently being carried out even among the low compliance 
group. This may reflect that mask wearing is legally mandated, 
typically involves little personal sacrifice, is easily observed by 
others (there is evidence that shame and guilt motivate compli-
ance29) and that clearer cues to action exist in the environment 
than for other compliance behaviours.30

We observed some differences with our prior work using data 
from the COVID- 19 Social Study.8 Notably, we did not observe 
evidence that low compliance was related to higher income or 
higher education. However, the measure of compliance (single 
item on compliance with guidelines overall) differed from the 
present study and may incorporate knowledge of guidelines to 
a greater extent. Further, the present study used data from the 
second wave, in which (compared with mid- summer) overall 
compliance increased.2

This study had a number of strengths. Unlike several previous 
studies, we used a large sample and focused on reported 
compliance behaviour, rather than compliance intentions or 
a general measure of compliance. The measures we included 
reflected several important behaviours for reducing transmis-
sion of COVID- 19.1 We also studied compliance further into the 
pandemic than has been explored to date. We were able to assess 
a rich set of compliance predictors, though the associations 
we tested were cross- sectional—previous research shows large 
differences in between- person and within- person correlations.7 
The latent class analysis provided a good solution and revealed 
important insights into compliance behaviour.

However, this study also had several limitations. As noted, we 
used cross- sectional data, so results may be biased by unobserved 
confounding. Our measures of compliance also relied on self- 
report data. While participants provided anonymous responses, 
responses may still be subject to social desirability concerns. 

Figure 3 Results of multivariate multinomial regression model of latent class on participant characteristics. Reference class: class 1. Three- step 
regression procedure and use of multiple imputed data (40 data sets). Model includes mutual adjustment for all presented variables. GCSE, General 
Certificate of Secondary Education; NI, Northern Ireland.
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Further, though the pandemic is a salient event, the opportunities 
for non- compliance are many. Individuals may not recall compli-
ance accurately. Guidelines also changed over the study period, 
which may have influenced responses. Last, we used data from 
a non- representative (although heterogeneous and weighted) 
sample with substantial attrition rates. High compliers with 
COVID- 19 are likely to be over- represented in the data, though 
high levels of compliance have been found in other samples.2

Overall, our results suggest that while compliance with some 
behaviours is higher in general, individuals comply consis-
tently across recommended compliance behaviours. In line with 
previous studies,8 20 this suggests that motivation is a particularly 
important determinant of compliance behaviour. Interventions 
that increase or maintain motivation to comply may be particu-
larly effective at reducing transmission of COVID- 19.

What is already known on this subject

 ► A sizeable literature has looked at the predictors of 
compliance with individual COVID- 19 preventive behaviours, 
such as social distancing or wearing of face masks. Less 
is known about how these behaviours cluster within 
individuals.

What this study adds

 ► We find evidence that individuals typically display consistent 
levels of compliance across different preventive behaviours, 
though average compliance with social distancing was lower 
than for other behaviours.

 ► The results suggest that efforts to increase compliance should 
focus on increasing motivation to comply in general.

Correction notice This article has been corrected since it first published online. 
On page 4 the sentence ’…frequent compliers (left panel) have…a greater internal 
locus of control.’ has been corrected to ’…frequent compliers (left panel) have…a 
greater external locus of control’ and on page 2 the sentence ’For capability to 
comply, we included variables for locus…’ has been corrected to ’For capability to 
comply, we included variables for external locus…’ Minor errors have also been 
corrected in the Supplementary material.
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