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Main Outcome Measures: Within-participant habit trajectories
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‘stable strong habit’ trajectories were associated with greater
behavioural engagement at later timepoints.

Conclusion: Participants typically maintained or formed
transmission-reduction habits, which encouraged later perfor-
mance, and degraded transmission-conducive habits, which
decreased performance. Findings suggest COVID-19-preventive
habits may be recoverable in future virus outbreaks.

Transmission of viruses such as SARS-CoV-2, the pathogenic Coronavirus that causes
COVID-19, is driven by human behaviour (West et al., 2020). Unhygienic actions such
as coughing or sneezing into hands transmit viruses, whereas hygienic actions such
as washing hands for 20seconds with soap and water halt transmission (Alzyood
et al., 2020). In Spring 2020, early in the COVID-19 pandemic, infection control guid-
ance focussed on discouraging engagement in familiar ‘transmission-conducive’
behaviours, such as sneezing into hands), and promoting uptake of potentially unfa-
miliar ‘transmission-reduction behaviours, such as maintaining distance from others
(Centers for Disease Control & Prevention, 2020; World Health Organization [WHQ],
2020a). While the focus of recommendations was SARS-CoV-2, such behaviours have
the potential to influence transmission of many viruses (Oster et al., 2021; Rabie &
Curtis, 2006). Maintenance of transmission-related behaviour changes prompted by
the COVID-19 pandemic could aid efforts to contain future outbreaks of SARS-Cov-2
and other viruses. Research is needed to understand whether behavioural adaptations
made during the COVID-19 pandemic may have become ingrained in memory.

Habit is a key hypothesised predictor of behaviour maintenance (Kwasnicka et al.,
2016). Although often used in lay discourse to denote repetitive behaviour, psychol-
ogists define habit as a process through which encountering a cue automatically
triggers a non-conscious impulse to perform a specific action, due to activation of
learned cue-action associations (Gardner, 2015). Habit forms through consistent rep-
etition of a specific action (e.g. washing hands) following exposure to a specific cue
(e.g. entering the home) (Keller et al., 2021; Lally et al.,, 2010). Owing to its automation,
once formed, habit can compensate for temporary lapses in attention or motivation,
facilitating performance when the actor might otherwise forget or lack the momentary
desire to act (Danner et al., 2008; Gardner et al., 2020; Neal et al., 2013). A person
with a stronger habit for a given behaviour is less likely to be derailed by competing
goals or indecisiveness, so is more likely to enact the behaviour in associated settings
(Verplanken & Melkevik, 2008). Habit formation has been proposed as a mechanism
for maintaining desired behaviours (Rothman et al., 2009). Conversely, cessation of
unwanted behaviours may be aided by disrupting pre-existing habits (Quinn
et al, 2010).

While it is unrealistic to expect all transmission-reduction behaviours to persist
indefinitely after the COVID-19 pandemic, forming transmission-reduction habits is
likely to be beneficial for personal and public health in future virus outbreaks. The
distinction between habit, as a process that generates behaviour based on learned
associations, and habitual behaviour, as the output of this process, is important
(Gardner, 2015). While there is debate around the role of goals in habitual behaviour
(Kruglanski & Szumowska, 2020; Wood et al., 2022), a base level of conscious moti-
vation is likely to be necessary to support habitual behaviours (Gardner et al., 2020;
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Marien et al., 2019). Although habitual behaviours are less sensitive to changes in
conscious motivation and goals than non-habitual actions (Verplanken et al., 1997),
they are not wholly insensitive; if motivation erodes completely, habitual behaviours
will diminish over time (Wood et al., 2022). Transmission-reduction behaviours may
continue indefinitely if they are viewed as relevant to goals that remain valued after
the COVID-19 pandemic ends; washing hands upon entering the home, for example,
might be expected to persist if viewed as integral to personal hygiene more broadly
(Verplanken & Sui, 2019). However, habitual transmission-reduction behaviours will
likely be discontinued if they are perceived to have become redundant when the
COVID-19 pandemic passes, such that people are no longer motivated to perform
them (e.g. physical distancing), or they actively want to perform counterhabitual
actions (e.g. hugging a family member, despite having a habit for physical distancing).
In such instances however, despite changes in habitual behaviour, underlying habit
associations may remain stored in memory (Bouton, 2000). Such associations are
thought to retain the potential to be reactivated when motivation increases, leading
to rapid recovery of the learned habitual action (Wood & Riinger, 2016). Knowing
whether and which transmission-reduction habits formed in response to the COVID-19
pandemic could inform strategies to reactivate such actions in future virus outbreaks.

Similarly, declines in habitual transmission-conducive behaviours during the
COVID-19 pandemic could provide useful information for public health initiatives in
future outbreaks. Habits can be disrupted by overwriting habit associations, avoiding
cues, or wilfully inhibiting the translation of unwanted habit impulses into action
(Gardner et al.,, 2021; Quinn et al.,, 2010). Of these strategies, learning a new associ-
ation between a transmission-reduction response (e.g. maintaining physical distance)
and an existing cue (e.g. greeting family members), and so directly displacing an old,
transmission-conducive habitual response (e.g. making physical contact), is thought
to produce most long-lasting change (Gardner et al., 2021). Discontinuing cue expo-
sure (e.g. avoiding family members), or suppressing responses to such cues (e.g.
avoiding making physical contact), can block habitual transmission-conducive
behaviour, but may not change underlying habit memory traces (Gardner et al., 2021).
Nonetheless, understanding whether and which transmission-conducive habitual
behaviours were disrupted during the COVID-19 pandemic, regardless of how this
was achieved, would be insightful, because it would establish the potential for such
habits to be discontinued, if only temporarily, during major outbreaks.

The present study

Documenting changes in virus-transmission habit strength, and associations between
habit change and behavioural engagement, may help to identify whether and which
habits are likely to remain ingrained in memory beyond the pandemic. This longitu-
dinal study was set up in the early phases of the COVID-19 pandemic (Spring 2020)
to track virus-transmission habits and behaviour across participants in multiple coun-
tries over the course of six months.

We focussed on five target behaviours, relating to hand hygiene and physical
distancing, which were emphasised by the WHO (2020a, 2020b) when the study was
designed. We focussed on three transmission-reduction behaviours for which consistent
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performance would likely develop ‘good’ habits (handwashing for 20seconds with
soap and water; handwashing on entering the home; maintaining physical distance
from others), and two transmission-conducive behaviours for which discontinuation
would erode ‘bad’ habits (coughing or sneezing into hands’; making physical contact
with others). Two handwashing behaviours were included to capture two different
forms of habitual behaviour: one in which habit guides selection of action (handwash-
ing) upon exposure to a cue (entering the home; ‘habitual instigation’), and another
in which habit likely facilitates efficient performance of an action sequence (i.e. 20 sec-
onds of handwashing), such that completion of a component of the sequence (e.g.
applying soap) habitually cues the next (e.g. turning on tap; ‘habitual execution’)
(Gardner et al., 2016).

Our primary research question was: ‘How did virus-transmission habits change over
the course of the pandemic? To address this question, we extracted habit trajectory
clusters, and categorised observed patterns of habit change for each behaviour for
each participant into these clusters. We assumed that, given the salience of the
COVID-19 pandemic when the study began, participants would be motivated to
comply with public health guidelines in everyday settings (Wright et al., 2021), such
that, knowingly or not, for many participants, ‘good’ habits would form and ‘bad’
habits would be eroded (Lally & Gardner, 2013). Despite willingness to engage in
recommended behaviours, some people struggle to form strong habits for some
behaviours in some settings, despite consistent repetition (Lally et al., 2010). Assuming
that transmission-reduction behaviours were unfamiliar to participants, or not per-
formed consistently, at the study outset, we therefore expected that participants
would either successfully or unsuccessfully form transmission-reduction habits. Thus:

Hypothesis 1: For transmission-reduction behaviours, two habit trajectory clusters will
emerge, corresponding to habit formation, and stable negligible habits.

Relatedly, we assumed transmission-conducive behaviours would be familiar to
many - but not all - participants at the study outset, such that they would have
pre-existing strong habits or no habits. People can struggle to overcome unwanted
habits, due to their automaticity (Orbell & Verplanken, 2010). We therefore expected
that those with pre-existing strong habits would either successfully or unsuccessfully
break those habits. Specifically:

Hypothesis 2: For transmission-conducive behaviours, three habit trajectory clusters will
emerge, corresponding to habit degradation among those with pre-existing strong habits,
stable pre-existing strong habits, and stable pre-existing negligible habits.

Once formed, habit is predicted to consistently trigger behaviour in associated
settings, such that habit strength typically correlates positively with behaviour fre-
quency (Triandis, 1977). To verify that observed changes in habit over the study period
were related to subsequent behaviour frequency, we posed a secondary research
question: ‘Were changes in habit associated with behavioural engagement at later time-
points? To address this question, we tested whether cluster category membership
was associated with behavioural engagement at later timepoints, which we supple-
mented with analyses of associations with engagement at early timepoints, prior to
any predicted habit change. We expected that:
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Hypothesis 3: For transmission-reduction behaviours, participants who subsequently formed
habits will typically show the same level of behavioural engagement at early timepoints,
but will engage more at later points, than those who maintained pre-existing negligible
habits.

Hypothesis 4a: For transmission-conducive behaviours, those who subsequently degraded
pre-existing strong habits would show the same level of behavioural engagement at early
timepoints, but less engagement at later points, as those who maintained pre-existing
strong habits.

Hypothesis 4b: For transmission-conducive behaviours, those who subsequently degraded
pre-existing strong habits would show greater behavioural engagement at early time-
points, but the same the level of engagement at later points, as those with who main-
tained pre-existing negligible habits.

Hypothesis 4c: For transmission-conducive behaviours, those who maintained pre-existing
strong habits would show greater behavioural engagement at both early and later time-
points than those who maintained pre-existing negligible habits.

Within the extant literature, tests of habit-behaviour associations typically involve
correlating behaviour frequency at one timepoint with habit strength as measured
at the same, or an earlier, timepoint (see Gardner, 2015). Our analyses assessed whether
changes in habit over an extended period affected later behavioural engagement.
Crucially, documenting associations between trajectories with behavioural engagement
permits a unique, exploratory comparison, for which no hypotheses were formulated,
regarding whether those who experienced declines in transmission-conducive habits
during the pandemic reached the same low level of behavioural engagement as those
with no pre-existing habits.

Methods
Design and procedure

The study used a repeated-measures survey design. Adults aged 18years or older
were recruited through social media, local advertisements, and email lists at academic
institutions, in the UK, Italy, Germany, Australia, and Canada. The baseline survey was
open to new participants from April-September 2020. Every 14-days post-baseline,
baseline completers were sent automated invitations to follow-up surveys, hosted on
Qualtrics (Qualtrics, 2005), until a predetermined end date (30 September 2020).
Participants completed the survey in one of three languages (English, German, Italian).
Survey opening dates were staggered across countries, but the study end date was
identical across countries in accordance with institutionally approved procedures.
Thus, participants could complete a maximum of 13 English, 12 German, or 11 Italian
language surveys.

Study adverts, and all documentation circulated to participants during the study,
depicted the research as pertaining to ‘hygiene behaviours during and beyond the
Covid-19 pandemic’ The term ‘habit’ was not used, to avoid evoking negative or
positive connotations that might have led to selection bias or socially desirable
responding. Procedures were approved by local ethics committees of host institutions
prior to recruitment.
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Study timeline

The study was designed by a predominantly UK-based team in mid-March 2020, at
which time the UK public was advised to avoid non-essential travel and social contact,
and to work at home if possible (see Hale et al., 2021). The English language survey
went live on 1 April 2020, by which time the UK was in national lockdown (announced
23 March 2020), with all residents instructed to stay at home except for essential
purposes. UK lockdown restrictions were relaxed from May 2020 until the end of the
study period in September. The English survey opened when, in Australia and Canada,
borders were closed to non-residents and non-native citizens, physical distancing had
been imposed and some non-essential services had shut. Australian and Canadian
borders remained closed throughout the study period.

Although originally envisaged as a study of a UK sample, interest from colleagues
led to expansion to other English and non-English speaking countries (Italy, Germany).
Surveys were translated both backward and forward by native Italian and German
researchers, both fluent in English. The Italian translation opened on 18 April 2020,
five weeks after Italy imposed a national lockdown, which ended in June 2020. The
German translation opened on 28 April 2020, five weeks after Germany closed its
schools and nursing homes, and borders, and one week before restrictions began to
be eased. Containment measures of some kind were effective throughout the study
period in all countries from which data were collected.

Measures

All measures were self-reported. Demographics (age, country of residence, gender,
education status) were measured at baseline only. Behaviour engagement and habit
strength were assessed at all timepoints, for five behaviours. The three
transmission-reduction behaviours described were: ‘washing my hands with soap and
water for at least 20seconds’ (hereafter, handwashing for 20seconds); ‘washing my
hands when | enter my home’ (handwashing on entering home); and ‘when | am
around other people, staying at least [1.5m/2m] away from them’ (maintaining physical
distance). The two transmission-conducive behaviours were: ‘coughing or sneezing into
my hands’; and ‘making physical contact when | meet other people’ (making physical
contact with others). ‘Physical contact’ was defined as ‘hugging, kissing, or shak-
ing hands’

Behavioural engagement was assessed by asking how consistently each of the
five behaviours was performed on the previous day (‘None of the time) 0; ‘Almost
none of the time, 1; ‘Some of the time, 2; ‘Most of the time, 3; ‘Every time, 4; ‘Not
applicable) treated as missing). For each behaviour, habit strength was assessed as
the mean of two automaticity items from the Self-Report Habit Index (Gardner et al.,
2012; Verplanken & Orbell, 2003): ‘[Behaviour X, e.g. ‘washing my hands when | enter
my home’] is something | do automatically’ and ‘[Behaviour X] is something | do
without thinking’ (strongly disagree [1] - strongly agree [7]). Although habit-related
automaticity is typically self-reported using four items, to reduce participant burden
over repeated assessments, we used two items previously judged to best represent
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automaticity (Gardner et al., 2012). Reliability (a) of two-item scales, across behaviours
and timepoints, ranged from .88 to .93.

Data management and analyses

Data preparation

All analyses were conducted using R version 3.6.2 (R Core Team, 2019). To enable
meaningful observations of habit change over time, data were only analysed from
participants with data from at least four timepoints (Leffondré et al., 2004). Mean
differences were tested using t-tests for between-person variables and multilevel
modelling for within-person variables, with Bonferroni corrections for multiple com-
parisons. ‘Early’ behavioural engagement was calculated as the mean of the baseline
and first subsequently completed survey per participant and ‘late’ behavioural
engagement was calculated as the mean of the final two assessments completed by
that individual. Our analysis treated the ‘early’ time points as the starting point of
habit trajectories for each individual, and the ‘late’ time points as the end point of
the habit trajectory for each person.

Analysis overview

First, cluster analysis was undertaken to identify patterns of per-behaviour habit tra-
jectories. Each participant’s trajectory, for each behaviour, was then classified into one
of the identified clusters. The cluster analysis allowed for differences in trajectories
across different behaviours for each participant and accounted for within-participant
nesting of data. Second, a linear regression model was run for each behaviour to
predict behavioural engagement from participants’ habit cluster membership for that
behaviour.

How did virus-transmission habits change over the course of the pandemic? This was
addressed via a three-step cluster analysis, undertaken using the traj package (Sylvestre
et al., 2006), to identify discrete patterns of within-person per-behaviour habit tra-
jectories as proposed by Leffondré et al. (2004). Step 1 consisted of calculating 24
habit strength trajectory parameters for each behaviour for each participant using
data from all timepoints available for that participant (see Supplemental Table). The
aim of calculating the parameters was to comprehensively capture possible patterns
of longitudinal change across four or more measurement points. The parameters
pertained to variation over time (e.g. standard deviation of all scores), direction of
change (e.g. slope of linear model), fluctuation and non-linearity (e.g. maximum of
the first differences; i.e. whether at least one large increase was observed between
scores at two consecutive timepoints), and relative measures of change (e.g. ratios
of difference, which compare changes at different stages of, or summarised across,
the study period; Leffondré et al., 2004). Parameters found to correlate strongly (r =
.95) were omitted from Step 2. Step 2 was a principal factor analysis, with varimax
rotation of the trajectory parameters, and was run to determine which parameters
best discerned habit trajectories (such that parameter eigenvalues were greater than
1.0; Leffondré et al., 2004; Sylvestre et al., 2006). Step 3 was run to identify habit
trajectory clusters, via a k-means cluster analysis (using the NbClust package; Charrad
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et al., 2014) of factors identified in Step 2. Euclidean distance was used to compute
the dissimilarity matrix, and the number of clusters was determined based on the
Friedman index (Charrad et al., 2014; Friedman & Rubin, 1967). Nominal cluster vari-
ables were formed to identify which cluster best fitted each participant’s habit tra-
jectory for each behaviour.

Were changes in habit associated with behavioural engagement at later timepoints?
This was addressed by using nominal cluster variables as predictors in linear regres-
sion models, run for each behaviour, to model early and later behavioural engage-
ment. This analysis was run with planned comparisons to explore whether the habit
trajectory cluster that best fitted each behaviour for each participant predicted their
engagement in the corresponding behaviour at later measurement points. Models
of early engagement were run to investigate whether differences existed in
behavioural engagement between trajectory clusters prior to potential changes in
habit strength.

Post-hoc power analysis was conducted to test whether the obtained sample size
allowed for sufficiently powered hypotheses testing (Faul et al., 2007, 2009). At a
conservative significance level of a=0.05, the study was powered to 1—-3=0.97 for
a medium-sized effect (f2 = 0.15), 1-B=0.94 for a small effect (f> = .06), and 1-3=0.36
for a very small effect (f> = 0.02).

Results
Sample description

Of 961 participants that completed the baseline survey, 517 (53.8%) completed assess-
ments at four or more timepoints, so were entered into the study. Those who were
excluded from the study for completing fewer than four assessments were younger
(non-completers M age = 35.35, completers M age = 41.77; t(946.85) = 6.38, p < .01)
and reported weaker habit for maintaining physical distance (non-completers M=4.33,
completers M=4.76, p < .01), and weaker habit for making physical contact with
others (non-completers M=2.85, completers M=3.20, p < .01), at baseline. There were
no other baseline differences in behavioural engagement or habit strength between
study completers and non-completers (all p's > .01).

Of the 517 participants, most resided in Germany (39.7%), the United Kingdom
(32.9%), Australia (7.9%), Italy (5.4%), or one of 25 other countries with <3% preva-
lence (e.g. Belgium, Canada, China, Georgia, Netherlands, Spain, Switzerland, USA).
Most surveys were completed in English (54.2%); 39.8% completed the German trans-
lation, and 6.0% the Italian translation. Most participants identified as female (79.1%;
19.1% male, 1.5% other or not reporting), and average age was 42y (SD=16). Most
participants had completed higher education (68.1%), though some were in full-time
education (19.1%).

Means, standard deviations, and mean change between early and later measure-
ment points for behavioural engagement for each behaviour are shown in Table 1.
At both early and later measurement points, behavioural engagement was higher for
all transmission-reduction behaviours (washing hands for 20seconds, handwashing
on entering home, and maintaining physical distance), than for transmission-conducive
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Table 1. Descriptive statistics of early (first two completed surveys per participant)
and late (last two completed surveys per participant) behavioural engagement.
Possible Early Late 99% Cl of
range M (SD) M (SD) M A
Transmission-reduction behaviours
Handwashing for 20seconds 0-4 2.79 (1.13) 2.81 (1.14) —0.00 to 0.06
Handwashing on entering home 0-4 3.13 (1.23) 3.16 (1.16) —0.02 to 0.08
0-4

Maintaining physical distance 2.48 (1.26) 2.44 (1.09) —0.09 to 0.01
Transmission-conducive behaviours

Coughing or sneezing into hands 0-4 0.94 (1.27) 1.00 (1.41) 0.00 to 0.11
Making physical contact with others 0-4 0.30 (0.78) 0.60 (0.93) 0.26 to 0.34

Note. N=517. Cl: confidence interval after accounting for multiple comparison adjustment. Bolded
intervals are statistically significantly different from zero at a = .01.

behaviours (coughing or sneezing into hands, making physical contact with others).
Between early and later points, overall behavioural engagement did not change for
transmission-reduction behaviour but unexpectedly increased for transmission-conducive
behaviours.

How did virus-transmission habits change over the course of the pandemic?

Of the 24 parameters used to quantify change, habit trajectories were discernible
using four indicators. These were: overall habit strength (i.e. mean habit score over
time); overall change in habit strength across study timepoints; the standard deviation
of the first differences (i.e. whether the magnitude of differences between scores at
consecutive timepoints varied across timepoints); and the ratio of the mean absolute
second difference to the mean absolute first difference (i.e. a comparison between
[a] average differences between scores at consecutive timepoints [‘first difference’]
and [b] general trends across multiple ‘first differences’ over time [‘second
difference’]).

Factor analyses extracted three distinct habit trajectory clusters, which together
explained 70% of variability in habit trajectory data (Factor 1 eigenvalue = 9.60, 42%
variability explained; Factor 2 eigenvalue = 4.23, 19% variability explained, Factor 3
eigenvalue = 1.68, 9% variability explained). A fourth factor did not meet Friedman
criteria (eigenvalue = 1.23, 7% variability explained). The parameter estimates that
characterised the three clusters, as summarised across behaviours, are shown in the
top half of Table 2, and average trajectory plots are in Figure 1.

We interpreted the first cluster to depict ‘habit formation’, with an overall increase
in mean habit strength underpinned by initially steep increases followed by more
gradual increases over time. The second cluster depicted ‘habit degradation’, with an
overall decrease in mean habit strength underpinned by initially steep declines fol-
lowed by a continual more gradual decline over time. The third cluster depicted ‘stable
strong habit’, with values reflecting negligible changes in pre-existing strong habit
over time. Overall mean habit strength was lowest for habit degradation and highest
for strong stable habit clusters. The last two parameters showed less variability of
change in first differences for stable strong habit relative to habit formation or deg-
radation trajectories.
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Table 2. Habit trajectory parameter measures, and frequencies and percentages of trajectories
per behaviour.

Cluster 1: habit  Cluster 2: habit  Cluster 3: stable

formation degradation strong habit

Habit trajectory parameter measures

M (SD) M (SD) M (SD)
Mean habit strength over time 3.75 (1.15) 3.00 (1.02) 5.69 (0.82)
Change in habit strength 2.27 (1.27) —1.67 (1.55) 0.05 (0.90)
Standard deviation of first differences 1.80 (0.79) 1.92 (0.98) 1.00 (0.61)
Ratio of the mean absolute second difference to the 1.70 (0.34) 1.72 (0.43) 1.67 (0.56)

mean absolute first difference

Frequencies and percentages of trajectories per behaviour

N (%) N (%) N (%)
Across all behaviours 732 (28.3%) 870 (33.7%) 983 (38.0%)
Transmission-reduction behaviours
Handwashing for 20 seconds 157 (30.4%) 109 (21.1%) 251 (48.5%)
Handwashing on entering home 119 (23.0%) 70 (13.5%) 328 (63.4%)
Maintaining physical distance 140 (27.1%) 97 (18.8%) 280 (54.2%)
Transmission-conducive behaviours
Coughing or sneezing into hands 122 (23.6%) 274 (53.0%) 121 (23.4%)
Making physical contact with others 194 (37.5%) 320 (61.9%) 3 (<0.05%)

Note. Calculated based on 2,585 habit trajectories from 517 participants, each of whom had 5 habit trajectories
(one per behaviour).

—— Cluster 1 = Habit formation
@ —|---4-- Cluster 2 = Habit degradation
""" + Cluster 3 = Strong stable habit

D T S B L e N B e ST

SR S E ;
& B e SV NS

Habit Strength
4
|
B>

0 2 4 6 8 10 12
Survey Number

Figure 1. Mean habit strength scores per survey per trajectory cluster, summed across behaviours.

The bottom half of Table 2 shows the frequency with which observed trajectories
were categorised into each habit cluster group, for each behaviour. For all
transmission-reduction behaviours, all three clusters were observed, with stable strong
habit the most common cluster, and habit formation the second most common.
Hypothesis 1 received mixed support: while habit formation was observed for
transmission-reduction behaviours, stable strong habits unexpectedly emerged,
whereas predicted stable negligible habit trajectories did not.

For transmission-conducive behaviours, habit degradation was the most common
cluster. Surprisingly, habit formation was the second most common (coughing or
sneezing into hands: 23.6%; making physical contact with others: 37.5%). Strong stable
habit trajectories were also observed for coughing or sneezing into hands (23.4%),
but were rare for making physical contact with others (<0.05%). Hypothesis 2 received
mixed support: habit degradation was observed for both transmission-conducive
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behaviours, but stable strong habits were notable for only one behaviour, and stable
negligible habits were not found.

Were changes in habit associated with behavioural engagement at later
timepoints?

Table 3 illustrates differences in early and late behavioural engagement in each
behaviour across habit trajectory clusters. The lack of observed trajectories corre-
sponding to stable negligible habits precluded testing of Hypotheses 3, 4b and 4c.
The following analyses were therefore largely exploratory and post-hoc in nature.

Engagement in transmission-reduction behaviours
For handwashing for 20seconds, people with stable strong habit showed greater
early and later engagement than those who underwent either habit formation or
habit degradation, and there was no difference between those undergoing habit
formation and habit degradation in early behavioural engagement, but those who
underwent habit formation showed greater later engagement than did those who
underwent habit degradation. Models explained 11% and 13% of variability in early
and late behavioural engagement, respectively.

For handwashing on entering home, those with stable strong habit showed
greater early and late behavioural engagement than did those who underwent habit
formation or habit degradation. There was no difference between those undergoing

Table 3. Estimations of associations between habit trajectory clusters and early and late behavioural
engagement.

Transmission-reduction behaviours Transmission-conducive behaviours
Handwashing Maintaining Coughing/ Making physical
Handwashing on entering physical sneezing into contact with
for 20sec home distance hands others
Associations with early behavioural engagement
(Intercept) 2.32 (0.10)* 2.56 (0.14)* 2.30 (0.13)* 0.70 (0.07)* 0.35 (0.09)*
Habit formation vs habit 0.16 (0.13) 0.30 (0.18) 0.04 (0.17) 0.11 (0.13) 0.05 (0.11)
degradation
Habit formation vs —0.67 (0.11)* —-0.45 (0.13)*  —0.20 (0.13) —0.99 (0.16)* 0.08 (0.09)
stable strong habit
Habit degradation vs -0.84 (0.12)* —0.75 (0.16)*  —0.24 (0.15) —1.10 (0.13)* 0.04 (0.10)
stable strong habit
Adj. R? 0.11* 0.05* <0.01 0.12% <0.01
Associations with late behavioural engagement
(Intercept) 2.11 (0.10)* 2.63 (0.14)* 2.04 (0.11)* 0.54 (0.08)* 0.77 (0.10)*
Habit formation vs habit 0.53 (0.13)* 0.31 (0.17) 0.45 (0.15)* 0.65 (0.14)* —-0.17 (0.13)
degradation
Habit formation vs —0.54 (0.11)* —0.33 (0.13)* 0.02 (0.11) —-0.82 (0.17)* —0.01 (0.10)
stable strong habit
Habit degradation vs —-1.07 (0.12)* —-0.64 (0.15)*  —0.43 (0.13)* —1.47 (0.14)* 0.16 (0.11)
stable strong habit
Adj. R? 0.13* 0.03* 0.02* 0.18* <0.01

Note. *p < .05. For comparison of trajectory clusters, positive coefficients indicate that the first trajectory in the
comparison was associated with greater behavioural engagement, and negative coefficients indicate that the second
trajectory was associated with greater behavioural engagement. Calculated based on 2,585 assessments, i.e. repeated
assessments of 5 habits/behaviours from 517 participants. Early behavioural engagement represents person-level
mean of participant’s baseline and first survey, and late behavioural engagement represents person-level mean of
participant’s final two completed surveys.
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habit formation or habit degradation in either early or late behavioural engagement.
Models explained 5% and 3% of variability in early and late behavioural engagement,
respectively.

For maintaining physical distance, there were no differences in early behavioural
engagement between habit trajectory groups; however, those with stable strong habit
and those undergoing habit formation showed greater late behavioural engagement
than those undergoing habit degradation. Models explained <1% of early behavioural
engagement and 2% of late behavioural engagement.

Hypothesis 4a received mixed support. For all transmission-reduction behaviours,
habit degradation trajectories were associated with lesser engagement at later time-
points than stable strong habit. However, for two transmission-reduction behaviours,
those who subsequently degraded their habits also reported lesser engagement at
early timepoints than did those with stable strong habit.

Engagement in transmission-conducive behaviours
For coughing or sneezing into hands, those with stable strong habit showed greater
early and late behavioural engagement than did those who underwent habit formation
or habit degradation. There was no difference between those undergoing habit for-
mation or habit degradation in early behavioural engagement. Those with stable
strong habits displayed greater late behavioural engagement than those in other
clusters, and those who underwent habit formation had greater late behavioural
engagement than those who underwent habit degradation. Models explained 12%
and 18% of variability in early and late behavioural engagement, respectively.

For making physical contact with others, there were no differences between
trajectory clusters in early or later behavioural engagement. Models explained < 1%
of variability in both early and late behavioural engagement.

Summary

Across all behaviours, those with stable strong habits tended to report greater
behavioural engagement than those undergoing habit formation or habit degradation,
at both early and late time periods. At early time points, there were no differences
between those undergoing habit formation and those undergoing habit degradation.
At later time points however, those undergoing habit formation tended to engage
more in associated behaviour than those undergoing habit degradation.

Discussion

We tracked virus transmission-related habits, and the relationship between habit
trajectories and later behavioural engagement, over six months of the COVID-19
pandemic in 2020. Across five behaviours - representing encouraged actions that
reduce transmission (handwashing, physical distancing) and discouraged actions
conducive to transmission (coughing or sneezing into hands, making physical contact
with others) — three habit trajectory clusters were observed. These incorporated two
patterns of change (habit formation, habit degradation) and one pattern of no
change (stable strong habits). Although participants typically reported strong stable
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habits for transmission-reduction behaviours, the most common change patterns
indicated habit formation for transmission-reduction behaviours, and habit degra-
dation for transmission-conducive behaviours. Forming a habit was associated with
greater subsequent behavioural engagement, and habit degradation was associated
with reduced performance. Those who maintained pre-existing strong habits and
those who formed habits engaged more in the target behaviours at later timepoints
than did those for whom habit eroded. Findings suggest that promoting repeated,
context-consistent performance of transmission-reduction behaviours, and disrupting
the automatic enactment of transmission-conducive behaviours, may limit transmis-
sion during virus outbreaks. Additionally, observed formation of new
transmission-reduction habits suggests that virus-control initiatives during future
outbreaks may be able to reactivate habits developed in response to the COVID-19
pandemic.

We found that 49-65% of participants maintained pre-existing strong
transmission-reduction habit, 23-30% formed new transmission-reduction habits, and
53-64% weakened old, transmission-conducive habits (Table 2). Participants who
formed habits or maintained prior strong transmission-reduction habits were likely
to subsequently engage more in associated behaviours at a later point than those
who experienced declines in habit strength. Conversely, for one of the two
transmission-conducive behaviours (coughing or sneezing into hands), those who
demonstrated declines in habit subsequently engaged less often than did those who
formed or maintained strong habits. The relationship between habit change and
behaviour change over time is complex; for example, increased behavioural engage-
ment in stable contexts promotes habit formation, which in turn promotes subsequent
behavioural engagement (Gardner, 2015). Additionally, the timepoints from which
behavioural engagement and habit trajectories were derived overlapped, such that
behavioural engagement at the final two timepoints was regressed on to habit tra-
jectories that were at least partly informed by habit data observed at the final two
timepoints. Definitive conclusions regarding the directionality of effects cannot there-
fore be reached. Nonetheless, there were no differences in early behavioural engage-
ment between those who subsequently underwent habit formation and those who
underwent habit degradation, yet those who formed habits typically displayed greater
engagement at later timepoints than did those whose habits eroded. This suggests
that changes in behavioural engagement can be attributed to changes in habit, rather
than pre-existing baseline differences between groups. Interestingly, we found that,
for handwashing behaviours, participants with habit formation trajectories did not
achieve the same high level of behavioural engagement at later timepoints as those
who maintained strong pre-existing habits. This likely reflects that those for whom
habit strengthened failed to attain the same strength levels as those with prior strong
habits; across all behaviours, mean habit strength at each timepoint was higher in
those with stable strong habits relative to those who formed habits. Overall however,
our results support theory in suggesting that strengthening habit facilitates perfor-
mance, and degrading habits disrupts performance (Rothman et al., 2009; Verplanken
& Wood, 2006).

Several unexpected findings emerged. A sizeable minority reported weakening
transmission-reduction habits (~20%) or strengthening transmission-conducive habits
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(23-38%) over the study period. Our data cannot explain why these changes
occurred. Erosion of ‘good’ habits may perhaps indicate that participants with
pre-existing transmission-reduction habits began acting more attentively. People
often misbelieve that deliberative performances are more effective than habitual
responses, so mindfully undertake actions deemed important (Carden et al., 2017).
The formation of ‘bad’ habits may perhaps reflect psychological reactance, whereby
perceived threats to personal freedom from hygiene guidelines lead people to
respond contrarily (Brehm, 1966). We assumed participants would be motivated to
comply with public health guidance to control the spread of SARS-CoV-2 but, while
public compliance has overall been high (Wright et al., 2021), studies have docu-
mented resistance to virus control measures seen to limit personal autonomy (Taylor
& Asmundson, 2021).

While we did not aim to probe differences between behaviours in habit change,
or habit-behaviour relationships, it was also puzzling that habit trajectories had no
impact on behavioural engagement for making physical contact with others. Similarly,
the variance in maintaining physical distance explained by habit was minimal. One
possibility is that participants may have formed habits for distancing from strangers
but found it challenging to distance from family or friends. Distinguishing between
emotionally close and distant non-household members may perhaps have generated
different results.

The formation or maintenance of transmission-reduction habits that we observed
overall is encouraging for future virus-control initiatives. Unfamiliar virus-control
behaviours can be cognitively effortful (Xie et al., 2020). By delegating control over
such actions to environmental cues, forming habit should alleviate cognitive burden
and so, as seen in our sample, enhance the likelihood of later action, even when
motivation declines (Verplanken & Wood, 2006). Habitual transmission-reduction
behaviours that serve valued post-pandemic goals (e.g. handwashing on entering the
home, for personal hygiene) may be more likely to persist beyond the pandemic,
aided by automaticity. Physical distancing is unlikely to persist indefinitely when the
COVID-19 pandemic ends, given the cultural, social and interpersonal value of physical
contact with others (Forsell & Astrém, 2012). Nonetheless, the formation of physical
distancing habits that we observed will likely leave valuable ingrained cue-response
memory traces that persist after the pandemic (Humphreys et al., 1989). Such memory
traces are thought to retain the potential to be recovered in future, if motivation to
enact such behaviours returns (Gardner et al., 2021). Habit associations learned during
the pandemic should, in theory, aid reactivation of physical distancing in any future
outbreaks. In future virus pandemics, public health campaigns should promote per-
formance of the same actions recommended during the COVID-19 pandemic, in the
same settings. This would not only promote the development of new hygienic habits
for younger population segments, but also encourage recovery of such habits acquired
during the COVID-19 pandemic for others.

The habit degradation patterns we typically observed also hold promise for future
outbreaks. Behaviours that facilitate virus transmission, such as coughing or sneezing
into hands, were reportedly habitual for many participants, but they nonetheless were
able to discontinue these actions during a pandemic. We assessed habit via reflections
on behavioural performance (Verplanken & Orbell, 2003), which do not reveal the
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mechanisms through which habitual behaviour degraded. Habits may be disrupted
by preventing the activation or enactment of habit impulses, or by overwriting the
habit associations that generate such impulses (Gardner et al., 2020). Crucially, habitual
behaviours disrupted by blocking impulses are thought to be more likely to re-emerge
over the longer-term, whereas acquiring new habit associations in direct displacement
of old ones offers a more lasting route to behaviour maintenance (Gardner et al.,
2021). While further work is needed to assess the longevity of and mechanisms for
declines in transmission-related habits, our findings demonstrate that habitual
behaviours can be disrupted, even if only temporarily, during virus outbreaks. Future
public health campaigns might facilitate the habit disruption process by training
people in how to mindfully inhibit cued habit impulses in associated settings (Quinn
et al., 2010), or avoid settings that trigger unwanted actions - though the ubiquitous
nature of cues to many transmission-conducive actions, such as the urge to sneeze,
or the presence of others, may render the latter impractical. Alternatively, people can
be encouraged to displace unhygienic habits with more hygienic alternatives - such
as coughing or sneezing into elbows instead of hands - so that new habit associations
come to dominate over old ones.

Limitations must be acknowledged. Our convenience sample was predominantly
female, and highly educated, so does not represent the general population. A world-
wide survey conducted around the time that our study opened found that women,
and those with more education, were more willing to adopt COVID-protective
behaviours (Anaki & Sergay, 2021). This may explain why, for example, stable negligible
habit trajectories did not emerge.

We operationalised ‘later’ behavioural engagement as the final two observations
per participants, and so the specific dates on which these data were reported, and
the total number of assessments, varied between participants. Our approach of aggre-
gating data collected across multiple dates and stages of the pandemic obscures the
potential influence of real-world events that occurred during the study period, such
as the lifting of social restrictions. This limits the interpretability of the data.
Furthermore, we assumed that, at the study outset, transmission-reduction behaviours
would be either unfamiliar (e.g. physical distancing) or not performed consistently
enough for habit to form (e.g. handwashing on returning home). Yet, participants
most commonly reported pre-existing strong enduring habits for transmission-reduction
behaviours. Although those with habit change trajectories posted notable differences
in habit between the first and second timepoints, our study — which launched in
April 2020, after many participating countries had mandated COVID-19-related restric-
tions (Hale et al., 2021) — may have begun too late to capture pandemic-related
changes in habit for many participants. Relatedly, sizeable habit differences found
between the first two timepoints among those with habit change trajectories raise
the possibility that survey completion may have prompted changes in behaviour and
habits (see Godin et al., 2008).

All data were self-reported, and participants may perhaps have been motivated to
provide socially desirable responses, which may have overestimated apparent moti-
vation towards and engagement in transmission-reduction behaviours, given wide-
spread encouragement of COVID-preventive behaviours during the study period.
Concerns have been raised around the validity of self-reporting automatic processes,
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such as habit, which occur outside of awareness (Hagger et al., 2015). Relatedly,
conceptual overlap between behavioural engagement and our habit measure, which
focuses on experiences of behavioural performance, may have artificially inflated
observed associations, rendering those reporting maintaining or forming habits likely
to report greater engagement. Other measures better discern habit and behaviour,
but tend to be ill-suited to survey designs (Rebar et al., 2018). Finally, the five focal
habits were assessed at varying levels of specificity, with some featuring cues (hand-
washing on entering home) and others not (e.g. handwashing for 20seconds). Habit
measures that exclude cues estimate the overall automaticity of action across contexts
but provide little insight into the specific cue-action associations that underpin such
actions (see Gardner et al., 2022). Some people may, for example, habitually wash
their hands for 20seconds when in the presence of others but wash less thoroughly
when alone. Work is needed to identify the specific cue-action associations acquired
in response to the COVID-19 pandemic, and so inform interventions to recover such
habits in future outbreaks.

Our study showed that people who maintained pre-existing stable strong habits,
or formed habits, were more likely to engage in those behaviours at later timepoints
than those who experienced decreases in habit strength. Habit formation and dis-
ruption may offer important explanatory mechanisms for behaviour change and
maintenance. Future virus-transmission behaviour change initiatives should promote
performance in specific opportune contexts, to form ‘good’ habits or reactivate such
habits learned during the COVID-19 pandemic, and promote transmission-reduction
alternatives to transmission-conducive behaviours, to disrupt the ‘bad’ habits that can
prevent long-term behaviour change.

Notes

1. Although preferable to coughing or sneezing into the air, coughing or sneezing into
hands was explicitly discouraged during the pandemic, in favour of coughing or sneez-
ing into elbows, or tissues that are then hygienically disposed of.

2. There was no consensus on optimal physical distance when we designed the study; for
example, the WHO (2020a) recommended maintaining at least Tm distance, whereas
many European governments recommended at least 1.5m (see Hale et al, 2021). Two
metres’ distance was chosen for the English and ltalian language survey in line with UK
government guidance when the study was designed (Hale et al., 2021). In the German
survey, 1.5m distance was used in accordance with German recommendations
(Bundeszentrale fir gesundheitliche Aufklarung, 2021).
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