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Abstract

Objectives

Physical distancing, defined as keeping 1-2m apart when co-located, can prevent cases of
droplet or aerosol transmitted infectious diseases such as SARS-CoV2. During the COVID-19
pandemic, distancing was a recommendation or a requirement in many countries. This
systematic review aimed to determine which interventions and behavior change techniques
(BCTs) are effective in promoting adherence to distancing and through which potential
mechanisms of action (MOAs).

Methods

Six databases were searched. The review included studies that were (a) conducted on
humans, (b) reported physical distancing interventions, (c) included any comparator (e.g.,
pre-intervention versus post-intervention; randomized controlled trial) and (d) reported
actual distancing or predictors of distancing behavior. Risk of bias was assessed using the
Mixed Methods Appraisal Tool. BCTs and potential MoAs were identified in each
intervention.

Results

Six papers indicated that distancing interventions could successfully change MoAs and
behavior. Successful BCTs (MoAs) included feedback on behavior (e.g., motivation);
information about health consequences, salience of health consequences (e.g., beliefs
about consequences), demonstration (e.g., beliefs about capabilities) and restructuring the
physical environment (e.g., environmental context and resources). The most promising
interventions were proximity buzzers, directional systems and posters with loss-framed
messages that demonstrated the behaviors.

Conclusions

The evidence indicates several BCTs and potential MoAs that should be targeted in
interventions and highlights the gaps that should be focused on in future research.
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Highlights

e Evaluates the effectiveness of interventions to promote distancing in pandemics
e Six studies show that interventions can increase distancing

e Key techniques: feedback, information about consequences, restructuring

e Key delivery modes are posters and proximity buzzers

e Further research is required to test more techniques and modes of delivery






Systematic review of interventions to promote physical distancing behavior during

infectious disease pandemics/epidemics

The COVID-19 pandemic has caused over 5.9 million deaths globally at the time of
writing (Feburary, 2022; John Hopkins University, 2021). SARS-CoV-2 (the virus that causes
COVID-19) is higher in transmissibility than other epidemic viruses (e.g., SARS-CoV, MERS-
CoV) with a reproductive number (i.e., the average number of people an infected person
infects) of 2 to 3.58 (this is higher than the 1.7 to 1.9 and <1, for SARS-CoV and MERS-CoV
respectively; Zhu et al., 2020). For eleven months in 2020 there was no vaccine for the SARS-
CoV-2 virus. This meant that the highly transmissible virus needed to be solely controlled
through non-pharmaceutical methods (e.g., wearing face-coverings, avoiding crowded
places, staying at home, physically distancing from others, cleaning hands, testing, self-
isolation if infected) that involved individuals changing their behavior. Even with a good
uptake of vaccines these behaviors are important to keep transmission rates low (Vilches et
al., 2019).

The risk of spreading SARS-CoV-2 is particularly high when people are in the same
location (CDC, 2020). Physical distancing (i.e., staying at least 1-2 metres (m) apart from
people when co-located), reduces the risk of infection from aerosols and droplets entering
the eyes, nose or mouth when an infected person talks, coughs or sneezes (CDC, 2020).
Indeed, one review found that SARS-CoV-2 transmission is reduced with physical distancing
of 1m or more compared with closer than 1m (Chu et al., 2020).

Many governments and health agencies have recommended people adhere to a physical
distance of between 1m (WHO, 2020) and 2m (NHS, 2021) from people who are not in their
household. Desirable spatial distance varies considerably across social and environmental

contexts (e.g., familiarity of person, standing vs. seated, indoors vs. outdoors, occupation)



despite the desirability of personal space (Sommer, 1969). For example, typical social
interaction happens at an average of 135.1 centimetres (cm) for formal interaction and
91.7cm for interaction with friends (Sorokowska et al., 2017).

Policy makers and researchers often use the terms social distancing or physical
distancing to describe several behaviors: staying at least 1-2m apart from others when co-
located and crowd avoidance (which is made up of several behaviors such as avoiding
crowded places, working from home, only leaving the house for essential purposes and
exercise, ordering groceries online). These behaviors have the same goal of limiting contact
to reduce transmission of the virus and may have some of the same predictors (e.g., fear of
contracting COVID-19). However, the suite of behaviors linked to crowd avoidance differ
from staying at least 1-2m apart from others. Crowd avoidance is likely to be impeded by
structural barriers, such as type of occupation and not having internet access, that do not
affect the ability to stay at least 1-2m apart. Likewise, staying at least 1-2m apart is likely to
be impeded by the actions of the others in the vicinity (Hoeben et al., 2021) that will not
affect adherence to crowd avoidance. As such, interventions designed to promote crowd
avoidance and physical distancing are likely to have different antecedents and require
different approaches. Moreover, staying at least 1-2m apart when co-located is a more
pressing public health concern — a survey found that adherence to crowd avoidance was
90% but adherence to staying 1-2 apart was only around 66% (Coroiu et al., 2020). We have
thus focused on one physical distancing behavior that is staying at least 1-2m apart from
others when co-located (we refer to this as physical distancing throughout).

Levels of adherence to physical distancing regulations during the COVID-19 pandemic
have been varied; between 30.4% and 94.6% of people surveyed reported keeping a

physical distance from others (Coroiu et al., 2020; Dohle et al., 2020; Nivette et al. 2021;



Norman et al., 2020; ONS, 2021). There were differences in adherence between countries
(Dohle et al., 2020; Nivette et al. 2021; Norman et al., 2020; ONS, 2021) and contexts (e.g.,
indoors vs. outdoors; Norman et al., 2020). Predictors of physical distancing were: beliefs
(e.g., higher trust in politics and science was positively correlated with adherence; Dohle et
al., 2020); quality of messages (e.g., the clarity of rules predicted distancing early in the
pandemic; Reinders Folmer et al., 2020a) and level of infection in society (i.e., high infection
levels were related to increased distancing; Reinders Folmer et al., 2020b). It is therefore
important to understand what influences and how to influence distancing behaviors to
design effective behavior change interventions (see O’Connor et al., 2020).

To design effective behavior change interventions, it is essential to identify exactly what
behavior needs to change and the influences on said behavior (i.e., constructs from the
Theoretical Domains Framework (TDF); Cane et al., 2012; and Behavior Change Wheel COM-
B model, Michie et al., 2014). The strategies to change these constructs must then be
determined (i.e., the intervention functions and policy categories), alongside the behavior
change techniques (BCT: Michie et al., 2013), and how to deliver that BCT. For the target
behavior of physical distancing a relevant domain to target could be social influences (i.e.,
the social environment, support, norms and culture). Within the domain of social influences,
a relevant theoretical construct is social norm, which can be changed by targeting the
intervention function of modelling (i.e., providing examples for people to emulate).
Modelling can be achieved by using the BCT of demonstration of the behavior that can be
delivered by a poster showing two people distancing using the length of a car to ensure they
are 2m apart.

Longitudinal survey studies (Hagger et al., 2020; Hamilton et al., 2020; Norman et al.,

2020; Rozendaal et al., 2020; Van Bavel et al., 2020; Vignoles et al., 2021), guidance



documents and recommendation papers (e.g., Bonell et al., 2020; Drury et al., 2021a; SPI-B,
2020; Templeton et al., 2020) have identified several predictors that influenced physical
distancing behavior. These predictors are associated with the theoretical domains of social
influences, beliefs about capabilities, beliefs about consequences, behavioral regulation,
and knowledge. The survey studies proposed BCTs (e.g., information about others’ approval,
framing/reframing, feedback on behavior, restructuring the physical environment;
information about health consequences, salience of health consequences, habit formation,
prompts and cues) that could be used in interventions (Hagger et al., 2020; Hamilton et al.,
2020; Norman et al., 2020; Rozendaal et al., 2020). However, interventions that allow
comparisons between the presence and absence of intervention components are needed to
identify relevant theoretical domains, intervention functions, and determine which BCTs are
effective.

It is also important, during intervention development, to identify the potential
Mechanisms of Action (MoAs) that BCTs might influence (Moore & Evans, 2017; Carey et al.,
2019) to create a logic model for how the intervention works. The Theory and Techniques
Tool (Carey et al., 2019; Connell et al., 2018; Johnston et al., 2020) was developed from a
synthesis of the literature, consensus and triangulation studies to determine which potential
MoA each BCT influences and the strength of that evidence.

The present study

Although the survey evidence identifies potential theoretical domains and BCTs to
target, we do not know (a) if interventions are effective at promoting the performance of
physical distancing during a pandemic, (b) what the most effective components of
interventions are (e.g., behavior change techniques; modes of delivery), (c) what are the

likely theoretical domains, intervention functions and MoAs, (d) who the interventions are



effective for and (e) in which circumstances the interventions work best (e.g., phase of
pandemic; other restrictions e.g., lockdown; infection rate; case fatality ratio). This review
aimed to systematically review the evidence to determine the effectiveness and
methodological quality of interventions to promote physical distancing and to explore
moderators of effects on behavior.

Methods

The review was pre-registered on PROSPERO (CRD42021230821). The PRISMA

guidelines (Page et al., 2021) were followed and the checklist is included in the
Supplementary Materials Table S1.
Search strategy and selection criteria

Searches for published and unpublished studies were performed on six databases
between January to February 2021 using PubMed, PsycIinfo, Web of Science (see
Supplementary materials for the full list of Web of Science databases), PsyArXiv, MedRXiv
and the Open Science Framework with no restriction on date. Search filters used were for
behavior (e.g., physical distancing, social distancing), study type (e.g., intervention, trial or
experiment) and virus related (e.g., COVID, coronavirus, SARS, MERS, HIN1, Ebola, influenza
or swine flu pandemic, epidemic) based on search terms used in previous reviews (Lawes-
Wickwar et al., 2021). MeSH terms were used where available. See Supplementary
Materials for full search terms for each database. Additional studies were located using
ascendancy (using google scholar) and descendancy approaches.

Using PICO (population, intervention, comparator, outcome), studies were included
if they (a) included any human population, (b), reported interventions to promote physical-
distancing (i.e., those that focus on distancing when people are co-located in the same

physical space e.g., keeping at least 1-2m apart) in any setting (c) included any comparator
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(e.g., pre-intervention behavior, alternative intervention, a control group, a measurement
only group), and (d), the outcomes reported were performance of physical-distancing
behavior (e.g., observational measures of number of people distancing vs not distancing;
self-reported frequency or quality of distancing behavior), a predictor of behavior (i.e., a
MoA or theoretical construct or variable that may influence behavior: e.g., self-efficacy,
intentions, willingness, attitudes, norms) or outcomes of behavior (e.g., number of
infections). The included studies could be for any date and of any study design (e.g.,
randomized controlled trials; pre-post studies; nonrandomized controlled trials; natural
experiments).
Screening

Each reference was screened by two authors using Rayyan referencing software -
screening was conducted by 18 authors (all with a PhD and/or MSc in psychology; author
initials removed for blinding). At the title/abstract screening stage any that were marked as
‘include’ by at least one screener were reviewed at the full text stage. Any that were marked
‘maybe’ by at least one screener were further assessed by the first author who decided
whether to include for the full text stage. Full texts were screened by two additional authors
(XX, YY) and disagreements were resolved through discussion with the two authors (there
was 17% disagreement in the full texts).
Data extraction

Data were extracted by the first author using a coding frame (see Supplementary
Table S2 for coding frame and full details of study characteristics) developed by two authors
(XX, YY — both had PhDs in Psychology and expertise in reviewing). For each study, the
following were recorded: study type (e.g. randomized controlled trials; pre-post studies; non

randomized trials; natural experiments); context (e.g., country of data collection, date of
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data collection, public health restrictions in place at the time, phase of the pandemic);
sample (e.g., N, population, gender, age); intervention description (e.g., setting, description
of delivery); comparison (e.g., type of control or alternative intervention, description of
delivery, BCTs and a summary of the findings (including effect sizes and whether measure of
distancing was indoors or outdoors). Two methods of measuring effectiveness were used (a)
Cohen’s d was calculated where possible to report the size of the intervention’s effect and
(b) p values were used to determine the significance of differences between the
intervention and comparison.

To aid readers interested in intervention design we identified BCTs (i.e. the active
ingredient in interventions) included in the intervention (e.g., feedback on behavior), the
potential MoAs (i.e. a construct that the BCT influences that may subsequently influence
behavior; e.g., feedback processes) through which the BCTs might work, the theoretical
domains (i.e. what needs to change; e.g., knowledge) and the intervention functions (i.e the
means by which to change the behavior; e.g., education).

BCTs were identified using the BCTTv1 (Michie et al., 2013) which is a 93-item
taxonomy of behavior change techniques that is widely used in describing interventions.
The theoretical domains were identified using the results of an expert consensus study that
identified domains related to BCTs (Cane et al., 2015). Intervention functions related to each
BCT were identified by using a review of interventions and an expert consensus exercise
(Michie et al., 2014). The MoAs related to each BCT were identified using the Theory and
Technique Tool (Carey et al., 2019; Connell et al., 2018; Johnston et al., 2020) which is an
atheoretical list of MoAs that are linked to BCTs. Policy categories were identified using the

Behavior Change Wheel definitions (Michie et al., 2014).
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Risk of bias was assessed using the MMAT? (Hong et al., 2018). This tool was chosen
as it allows for the assessment of the varied study designs that were potentially included in
this review. The tool uses two screening questions on the research question and suitability
of data collection with five follow up questions depending on design (see Table 2) —all
manuscripts, supporting materials and pre-registrations were checked for details. For RCTs,
appropriate randomization was assessed for details of how this was managed (e.g., via
computer algorithm). Comparable groups at baseline were assessed by examining
randomization checks and tables of baseline information, if provided, to determine if there
were any large differences that were likely not due to chance. Complete outcome data of at
least 80% was assessed by reported drop-outs, exclusions and comparing baseline Ns with
those reported in the results for the outcome variables (i.e., ns, dfs). Whether the outcome
assessor was blinded (i.e., participants if self-report measures used, intervention provider if
they were involved in measurement) was evaluated by looking for information about
blinding. Participants’ adherence to the assigned intervention (i.e., exposed to and
continued with intervention to follow up, no crossover to comparator or another
intervention) was assessed by looking at the methods section to assess if they had been
exposed to the intervention or they could have avoided the intervention.

For non-randomized trials, the extent to which the sample was representative of the
target population was assessed by scrutinizing descriptions of the sample, the target
population, and descriptions of attempts to achieve representativeness. The
appropriateness of the measurements included having a clear definition of the measure,

accurately measured and with validated and reliable instruments. Complete outcome data
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was assessed as described above. Controlling for confounding variables was assessed by
identifying potential confounding variables and seeing if these were controlled for in the
study. Assessment of if the intervention was administered as intended was from the
descriptions of the intervention and reports of deviations from this procedure.

For quantitative descriptive studies, the quality of the sampling strategy was gauged
by assessing how closely the method of selection was associated with the research
guestion. The sample’s representativeness of the target population was assessed as
described above. The appropriateness of the measurements was assessed as described
above. The non-response bias was judged by evaluating non-responders against responders.
The appropriateness of the statistical analysis was assessed through the stated details of the
analysis, the justification, and any limitations recognized.

Risk of bias was assessed independently by two of the authors (WW, XX) and
disagreements were discussed until agreement was reached (initial agreement was between
65 and 100%).

The summary of findings, effect sizes, and BCTs, were extracted/ calculated by the
first author and by a second data-extractor (YY or ZZ). Study authors were contacted for
missing information.

A narrative description of studies and a meta-analysis was planned (PROSPERO

CRD42021230821); however due to the small number of effect sizes identified for each

outcome, and problems with the independence of these effect sizes, a narrative synthesis
only was undertaken. The key purpose of the review was to assess the evidence for each
type of intervention to aid governments, policy makers and organisations to evaluate the
options. We therefore reported the results by type of intervention (legislation,

environmental / social planning, regulation, communications and marketing). To inform
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intervention design, we also included a section on BCTs, the potential MoAs through which
these operate, theoretical domains and intervention functions.
Results

The flow of papers is shown in Figure 1 (Page et al., 2021). Potentially relevant
articles (N = 1146) were identified from the database search and 1 article was obtained from
other sources. Titles and abstracts (N = 1014) were screened for eligibility after removing
133 duplicates; Studies that did not meet the inclusion criteria (n = 956) were excluded,
leaving 59 articles for which full texts were obtained and read. A further 53 articles were
excluded after the full text was examined; the principal reason for exclusion at this stage
were that no physical distancing intervention occurred (n = 47). The remaining articles (n =
6) met the inclusion criteria for the review, reporting tests of the impact of physical
distancing interventions on behavior or predictors of behavior.
Study characteristics

The 6 papers that met the inclusion criteria reported the effect of 14 interventions
(and 3 other control interventions) and included over 5531 participants (One study, Hoeben
et al., 2021, did not report the N due to the nature of the observational study design). The
studies included randomized controlled trials (n = 4344; Bos et al., 2020; Khoa et al., 2021;
Lunn et al., 2020); non-randomized trials (n = 1187; Blanken et al., 2020; Chutiphimon et al.,
2020); and a natural experiment (n = unknown; Hoeben et al., 2021).

Studies were based in Europe (Bos et al., 2020; Blanken et al., 2020; Hoeben et al.,
2021; Lunn et al., 2020), Asia (Chutiphimon et al., 2020); and North America (Khoa et al.,
2021). Data were collected between January and August 2020 (See Table S2). Study samples
were from the general population (Bos et al., 2020; Hoeben et al., 2021; Khoa et al., 2021;

Lunn et al., 2020); university staff, students, graduates and visitors (Blanken et al., 2020;
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Chutiphimon et al., 2020) and data was collected between January 2020 (pre pandemic
comparison) and August 2020 (see Table S3 in Supplementary Materials)

The interventions varied in delivery methods and BCTs used — (see Table 1 for a
description of studies and see Table S2 in Supplementary Materials for a full description of
studies including context, behaviour change techniques).

Risk of bias

The randomized controlled trials varied in risk of bias. All studies had a clear research
guestion and the data was appropriate to answer the research question. Only one study
(25%) included details of how randomization was managed (Bos et al., 2020); the others
were unclear (due to the online nature of the studies, randomization was likely to have
been undertaken by computer algorithm although this was not reported). Two studies (50%)
reported randomization checks to evaluate if the groups were comparable at baseline; one
of those studies found slight differences in age between conditions that was likely to be due
to chance (Bos et al., 2020; this was controlled for in subsequent analysis) and the other
found no differences between conditions (Lunn et al., 2020). All studies had complete
outcome data (of at least 80% of those who had been randomized completed the study). All
the studies (100%) had outcome assessments that were conducted without the involvement
of the person delivering the intervention. All used self-report data; for 3 of the studies the
participants were blinded to condition as each received some form of intervention;
however, control participants in two of the comparisons in the Bos et al. study had
participants who were potentially not blinded to condition as they were in a ‘no message’
control. All of the studies had participants who were exposed to the intervention; although
only one (Bos et al., 2020) performed a treatment check to ensure the intervention was

attended to.
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For the non-randomized trials, one of the study samples (50%) was representative of
the target population (i.e., Chutiphimon et al., 2020, targeted university canteen customers
and their sample reflected this); the other study was not clear who their target population
was but pointed out it was not representative of the general population (Blanken et al.,
2020). For appropriate measurement, Chutiphimon et al. (2020) trained observers in a pilot
study to improve reliability of their observations and Blanken et al. (2020) used a device that
was accurate to within 10cm (Tanis et al., 2021). Regarding complete outcome data, both
studies do not report drop-out data — although, with observational studies this criteria may
not be applicable. Regarding confounding variables, both studies did not control for all
possible confounds (e.g., Blanken et al. (2020) may have had people who stayed at the art
fair beyond their allotted time slot so were in more than one condition; Chutiphimon et al.
(2020) did not control for crowd size). Regarding the delivery of the intervention as
intended, both studies delivered the interventions as intended; although, Blanken et al.
(2020) adjusted their protocol to allow participants to test the proximity buzzers after an
initial session. There was a low non-response rate as all people in the area at the selected
times were included in the study so there was no opportunity for “non-response”.

For the quantitative descriptive study, the sampling strategy was relevant as the
research question was to find the extent to which the general population complies with
physical distancing directives in public places and their sample was people captured on
CCTV in multiple public places over 10 weeks, which was collected on a weekday and a
weekend day at a 5 minute interval during a busy period (Hoeben et al., 2021). The sample
was representative of their target population of people who used public places. The
measurement was appropriate and had adhered to a codebook. The analysis was explained,

justified and limitations were recognised.
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See Table 2 for the breakdown of risk of bias for each study.

Main results

The results are broken down by the policy category that each intervention fits into
(Michie et al., 2011). The policy categories included are: legislation, environmental / social
planning, regulation and communication / marketing (Michie et al., 2011).
Legislation

Legislation is “making or changing laws” (p. 7; Michie et al., 2011); one intervention
measured the effect of legislation through government fines (Hoeben et al., 2021) to
explore the effect on distancing behavior.
Government fines

Hoeben et al. (2021) measured distancing behavior in a natural experiment. They
compared CCTV footage taken pre and post the government fines (after 23 March 2020)
that were introduced to punish non-compliance of breaching a 1.5m physical distancing
mandate and meeting in groups of 3 or more). After the government fines were introduced,
there was a steady increase in distancing violations from early April 2020 to early May 2020
(especially on weekends) — this was correlated with an increased number of people on the
street (as shown on the CCTV footage) and an increased number of people in non-
residential locations (taken from cell phone data) (Hoeben et al., 2021). There is therefore
no evidence that government fines influenced distancing behavior.
Environmental/ Social Planning

Environmental or social planning is “designing and/or controlling the physical
environment” (p. 7; Michie et al., 2011); two studies explored the effect of environmental
changes using directional systems (Blanken et al., 2020) and distancing markers

(Chutiphimon et al., 2020) to explore the effect on distancing behavior.
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Directional Systems

A non-randomized trial tested the implementation of one-way systems on distancing
behavior (Blanken et al., 2020). One-way floor decal arrows were used to indicate walking
directions at an art fair and behavior was measured using proximity sensors worn by
visitors. One set of comparisons included comparing one-way arrows versus no arrows (both
conditions also included a buzzer that sounded when within 1.5m proximity of another
person). The addition of one-way arrows decreased the number of distancing violations (d =
.40). However, a further comparison of one-way arrows versus bi-directional arrows (two
lanes — clockwise and anti-clockwise) found that there was no difference between the two
conditions with slightly fewer violations in the bi-directional arrow condition (d =-.13).
Distancing Markers

A four-day observational study of distancing behavior in a university canteen
explored the effectiveness of floor decal stickers that marked out 2m distances (2 side by
side at the canteen counter and 3 adjacent to the counter) (Chutiphimon et al., 2020). There
were 4 different kinds of floor decal stickers: (1) a red arrow between footprint stickers at
2m distances to show the direction to queue, (2) an image of an aggressive red “scary”
coronavirus with glowing eyes and “Stop COVID-19” printed under it with cut-outs for feet
at 2m distances, (3) a written message between footprint settings of (e.g., “Physical
distancing and Win COVID-19” [sic], “Please maintain a distance from other customers” and
“Please queue here”) and (4) the footprint stickers alone (Chutiphimon et al., 2020). The red
arrow (d =.10), the “scary” coronavirus (d = .22) or written message (d =-.11) were not
significantly more effective overall than the footprint stickers alone (Chutiphimon et al.,
2020). The written message was significantly more effective than the footprint stickers

alone at one of the marking points near the counter (d = .52) but not at the other
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(Chutiphimon et al., 2020). With all groups there were fewer violations of distancing at
markings further away from the counter (Chutiphimon et al., 2020).
Regulation

Regulation is “establishing rules or principles of behavior or practice” (p. 7; Michie et
al., 2011); two studies used this method through government recommendations (Hoeben et
al., 2021) and proximity indicators (Blanken et al., 2020) to measure the effect on distancing
behavior.
Government recommendations

One study, from the Netherlands, explored physical distancing prior to and post

government distancing recommendations (Hoeben et al., 2021). This natural experiment
used CCTV footage of open public spaces and compared footage from dates that were prior
to government recommendations about physical distancing (29 February to 12 March 2020)
and post government recommendations (after 15 March 2020). The behavior measured was
a count of distancing violations. These started to decline from 12 March 2020 even though
no explicit distancing recommendation was in place and continued to decline after the
government recommendation on the 15 March 2020 until the 19 March 2020. There was no
strong evidence that the explicit government recommendations influenced distancing
behavior as this was already occurring prior to the government recommendation to
physically distance (Hoeben et al., 2021).
Proximity indicators

A non-randomized trial tested the use of buzzers (i.e., a device that buzzed when
within 1.5m of another person) on distancing behavior (Blanken et al., 2020). Participants in
all conditions had their behavior monitored electronically using a proximity device. In some

conditions the proximity devices additionally included a buzzer that provided feedback
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when proximity was breached. There were 3 conditions: (1) the buzzer sounded
immediately when within the 1.5m range (and users received a demonstration of how the
buzzer worked) (2) the buzzer had a 2-second delay in buzzing after being within the 1.5m
range and (3) a no buzzer control condition. The buzzer was effective in reducing distancing
violations when the buzzer sounded immediately when within the 1.5m range (d = .42)
compared to a condition without buzzers. The buzzers were ineffective when there was a 2-
second delay in buzzing after being within the 1.5m range (d = -.22).
Communication/ Marketing

Communication and marketing is defined as “using print, electronic, telephonic or
broadcast media” (p. 7; Michie et al., 2011). Three studies used communication and
marketing through written messages (Bos et al., 2020), and posters (Khoa et al., 2021; Lunn
et al., 2020). These studies measured intentions to distance (Bos et al., 2020; Khoa et al.,
2021), support for government regulations (Bos et al., 2020), self-efficacy (Khoa et al.,
2021), fear (Khoa et al., 2021), perceived effectiveness (Lunn et al., 2020) and memorability
(Lunn et al., 2020).
Written messages

A large scale randomized controlled trial (N = 3616) explored the effect of three
conditions (Bos et al., 2020): (1) a brief written message delivered online, from a credible
source (i.e., medical professional), about the health consequences of not physically
distancing, (2) a brief written message, from a credible source, focusing on the moral duty
to physically distance and (3) a no message control. The health consequences message was
not effective in increasing intentions to physically distance (d = .06) but did increase support
for government regulations (d = .10) compared to a no message control (Bos et al., 2020)

with a very small effect size. The moral duty message was effective in increasing intentions
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to physical distance (d = .10) and for support for government regulations (d = .13) compared
to a no message control (Bos et al., 2020) with a very small effect size. However, there were
no differences between the health consequences and the moral duty message on intentions
and no data about the impact of the intervention on subsequent behavior.

Posters

Two randomized controlled experiments compared various interventions (Khoa et
al., Studies 2 & 3, 2021): (1) a poster with an image of 2 featureless figure cartoons standing
a distance apart with a 2-way arrow between that included a message focused on showing
how the behavior steers away from negative outcomes (i.e., a loss framed message - “Failing
to maintain physical distance risks yourself of [sic] being infected with the coronavirus and
endangers your personal life”), (2) the same picture with a message focused on positive
outcomes (i.e., a gain framed message - “Maintaining physical distance protects yourself
from being infected with the coronavirus and secures your personal life”), (3) a control
poster - the same picture with a message to “Please maintain physical distance”, (4) the loss
framed poster with the addition of an anthropomorphic image of a coronavirus and (5) the
gain framed poster with the addition of an anthropomorphic image of a coronavirus.

The loss framed poster was more effective at increasing intentions to physically
distance than the control poster (Khoa et al. — study 2, 2021), and the gain framed poster
(Khoa et al. — study 2, 2021; Khoa et al., - study 3; d = .59). There were no differences in self-
efficacy between the loss framed and the gain framed posters. The loss framed poster also
increased fear more than the gain framed poster and fear mediated the effect of the
intervention on intentions (Khoa et al. — study 2, 2021).

The addition of an anthropomorphic image of a coronavirus to the gain framed and loss

framed message also resulted in increased intentions with a loss framed message compared
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to the gain framed message (Khoa et al., - study 3, 2021; d = 1.76). None of the studies
measured impacts on behavior.

An online randomized experiment compared three posters (Lunn et al., 2020) on ratings
of perceived effectiveness and memorability. One poster (that acted as the control) was an
instructional poster that included four panels with images of two featureless figure cartoons
at a 2m distance apart in four situations (i.e., walking in the street, sitting at a table, when
shopping, on a football field). The second poster (referred to as the individual person
poster) referred to transmission of the virus to an individual by showing four panels of
groups of people not physically distancing and included comments referring to one person
who “Has COVID-19 but doesn’t know it yet” and the implied consequences of this “Has an
undiagnosed heart condition. If they had sat further apart, she’d have been ok”. The third
poster (referred to as the transmission rate poster) was similar to the second poster but
referred to transmission to others but not to an individual person; it showed four panels of
groups of people not physically distancing with comments referring to a person who “Has
COVID-19 but doesn’t know it yet” and the implied consequences of this “Will now pass the
virus onto 6 others. If they had sat further apart, she’d have been ok”). The featureless
figure poster was perceived as more effective (d = -.32) and memorable (d = -.37) than the
individual people transmission poster (Lunn et al., 2020) but not the transmission rate only
poster (d = -.15 for effectiveness; d = -.23 for memorability); there were also no significant
differences between the transmission rate and the individual person posters (d = .17 for
effectiveness; d = .14 for memorability; Lunn et al., 2020). However, behavior was not
measured and the perceived effectiveness and memorability of posters are not necessarily
predictors of behavior change.

Behavior Change Techniques, Mechanisms of Action, and Intervention Functions
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Behavior change techniques

For each intervention we identified the BCTs that were included, the theoretical
domains and potential MoAs for change and the intervention functions that were the means
to change behavior. We report below the effect of these BCTs (a summary is included in
Table 3 and Tables S4-S6 in Supplementary Materials). However, it’s important to note that
the BCTs were not tested in isolation and may have interacted with each other.

Monitoring of behavior by others without feedback (2.1) was detrimental to behavior
change when compared to the same electronic monitoring system but including feedback
on behavior (2.2) using proximity buzzers (Blanken et al., 2021).

Feedback on behavior (2.2) was effective, although the unique effect of this was not
tested (Blanken et al., 2020).

Information about health consequences (5.1) was effective when using a brief loss
framed message on a poster demonstrating the behavior (6.1) (Khoa et al., 2021) and when
a moral duty poster was compared with a measurement only control (Bos et al., 2020).
Information about health consequences (5.1) was ineffective when delivered via a message
focused on avoiding consequences from a credible source (health consequences - Bos et al.,
2020), a gain framed message focused on gaining positive outcomes (Khoa et al., 2021) and
posters showing transmission routes (Lunn et al., 2020). Salience of consequences (5.2) were
effective when using a coronavirus image on a loss framed poster that demonstrated the
behavior (6.1) (Khoa et al., 2021) but not when they were used to separate 2m floor decals
(Chutiphimon et al., 2020).

Demonstration of the behavior (6.1) worked with a brief loss framed message to

increase intentions (Khoa et al., 2021). Demonstration of the behavior (6.1) and instructions
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to perform the behavior (4.1) increased perceived effectiveness and memorability of the
message (Lunn et al., 2020).

There were inconclusive results for credible source (9.1) as there was no difference
between a health consequences message and a control but a moral duty message was
effective in influencing intentions (Bos et al., 2020). Guidelines from the government, which
may be regarded by some as a credible source, did not influence actual behavior (Hoeben et
al., 2021).

Comparative imagining of future outcomes (9.3) was not effective in changing
perceived effectiveness and memorability (Lunn et al., 2020). Future punishment (10.11)
with a government fine was not effective in changing behavior (Hoeben et al., 2021)

Restructuring the physical environment (12.1) with direction walking systems was
effective at increasing physical distancing (Blanken et al., 2020).

Framing / reframing (13.2) as a moral duty was effective at changing intentions
when compared to a control but not to a health consequences message (Bos et al., 2020).

Two BCTs were identified that were used in several interventions but were only
compared with alternative interventions that also included that BCT: these were prompts
and cues (7.1) (Blanken et al., 2020; Chutiphimon et al., 2020; Khoa et al., 2021; Lunn et al.,
2020) and habit formation (8.3) (Chutiphimon et al., 2020). This means that the effect of
these two BCTs was not assessed in these studies.

Mechanisms of actions

The MOAs that are potentially influenced by the BCTs are summarised in Table S4.

The potential MoAs that were most common were intentions and behavioral cueing.

Intentions were potentially influenced (or even actually influenced as this was measured in
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some studies) by BCTs such as information about health consequences (5.1), salience of
health consequences (5.2), demonstration of behavior (6.1) and framing/reframing (13.2).

Behavioral cueing was potentially influenced by BCTs such as prompts/cues (7.1),
habit formation (8.3), restructuring the physical environment (12.1) and adding objects to
the environment (12.5).

Other common potentially influenced MoAs were beliefs about consequences,
attitude towards the behavior and environmental context and resources. Beliefs about
consequences were potentially influenced by BCTs such as information about health
consequences (5.1), salience of health consequences (5.2), and comparative imagining of
future outcomes (9.3).

Attitude towards the behavior were potentially influenced by BCTs such as
information about health consequences (5.1), credible source (9.1) and framing/reframing
(13.2).

Environmental context and resources were potentially influenced by the BCTs that
were delivered through prompts/ cues (7.1), restructuring the physical environment (12.1)
and adding objects to the environment (12.5).

Fewer interventions used BCTs that were related to other potential MoAs (i.e.,
knowledge, beliefs about capabilities, perceived susceptibility/vulnerability, physical skills,
social learning/imitation, memory, attention and decision-making processes, feedback
processes, motivation and general attitudes and beliefs). These MoAs, related BCTs and
their effectiveness are cross-referenced in Table S4.

The interventions of directional walking systems and proximity buzzers that used
restructuring the physical environment (12.1) and/or adding objects to the environment

(12.5) that are related to the MoAs of environmental context and resources, behavioral
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cueing, feedback processes and motivation were particularly effective at increasing
distancing behavior (Blanken et al., 2021).
Theoretical domains

Six theoretical domains (that identify what needs to change in order for behavior
change to occur) were related to the BCTs. The most common domain was environmental
context and resources that was related to 3 BCTs which were: restructuring the physical
environment (12.1), objects added to the environment (12.5) and prompts/ cues (7.1).
Changing the environmental context and resources seemed particularly effective through
introducing directional systems and proximity buzzers (without a delay; Blanken et al.,
2020).

Knowledge was related to feedback on behavior (2.2) and information about health
consequences (5.1). Beliefs about consequences was related to the BCTs of salience of
consequences (5.2) and comparative imagining of future outcomes (9.3).

Physical skills and social influence were related to one BCT each. Physical skills were
related to habit formation (8.3). Social influence was related to demonstration of behavior
(6.1). These theoretical domains, BCTs and their effectiveness are cross referenced in Table
S5.

Intervention functions

There were 8 intervention functions that the BCTs were potentially related to that
were the potential means to change behavior. These were persuasion, enablement,
training, education, coercion, environmental restructuring, incentivisation and modelling.

The most commonly used intervention function was persuasion related to 5 BCTs
(2.2,5.1,5.2,9.1, 13.2). Training (2.2, 4.1, 6.1, 8.3) and enablement (9.3, 12.1, 12.5, 13.2)

were related to 4 BCTs. Coercion (2.1, 2.2, 10.11), education (2.2, 5.1, 7.1), and
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environmental restructuring (7.1, 12.1, 12.5) were related to 3 BCTs each. Incentivisation
(2.1, 2.2) and modelling (6.1) were related to 2 and 1 BCT, respectively. Environmental
restructuring seemed the most effective means of changing distancing behavior as
directional systems and proximity buzzers were effective (Blanken et al., 2020). The
intervention functions, BCTs and their effectiveness are cross referenced in Table S6.
Discussion
The current systematic review identified six papers reporting the effects of fourteen
interventions. This review has identified which intervention components have been tested
and the strength of this evidence. This focused mainly on effective policy categories (i.e., the
means by which to deliver an intervention function), behavior change techniques (i.e., how
to change the behavior), the delivery mode (i.e., how to deliver the BCTs) and the potential
mechanisms of action (i.e., how the BCTs work). It provides important guidance for policy
makers on possible interventions to promote this key health protective behavior (BPS, 2021;
Chater et al., 2021).
Policy Categories
The review assessed evidence for interventions that were in four of the policy
categories: legislation, environmental and social planning, regulation and communications
and marketing. Legislation was shown (through government fines; Hoeben et al., 2021) to
be an ineffective policy for encouraging physical distancing. Although the other three policy
categories have the potential to produce change there is mixed evidence of effectiveness
that depends upon the specific intervention type. Environmental and social planning policies
changed physical distancing behavior when directional systems were used (Blanken et al.,
2020) but there was no clear evidence that footprint decals were effective (Chutiphimon et

al., 2020). Regulation changed behavior when proximity indicators, without a delay, were

27



used (Blanken et al., 2020) but not when delivered as government recommendations
(Hoeben et al., 2021). Communications/ marketing was effective when delivered via some
posters (Khoa et al., 2021) but not for other posters (Lunn et al., 2020) and written
messages (Bos et al., 2020). The policy categories of guidelines, fiscal measures and service
provision were not used as a means to change behavior in the included interventions.
Although not tested in the included studies, guidelines that detail how to manage physical
distancing practices within public areas may be particularly useful in encouraging distancing
behavior.

Behavior Change Techniques

The review found support for several BCTs involved in physical distancing behavior.
These included BCTs that were identified in survey studies including: providing feedback on
the behavior (2.2) (e.g. via proximity buzzers; Blanken et al., 2020); information about health
consequences (5.1) (e.g., via posters with loss framed messages; Khoa et al., 2021) and
restructuring the physical environment (12.1) (e.g., via directional systems; Blanken et al.,
2020).

There were two techniques that may have been effective, that were highlighted by
previous survey studies, but were not compared to a condition without those techniques.
Prompts/ cues (7.1) and habit formation (8.3) could be particularly effective enablers for
physical distancing in distracting situations, as people would be reminded or have formed
the habit.

Two other BCTs highlighted by survey studies had inconclusive evidence, (framing/

reframing (13.2), Bos et al., 2020) or were not tested (information about others’ approval

(6.3)).
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Other BCTs that were not mentioned in the literature and had some supportive
evidence for changing intentions or behavior were salience of consequences (5.2) such as
delivered via posters with loss framed messages, with an image of a coronavirus standing
between two figures (Khoa et al., 2021); demonstration of the behavior (6.1) such as
delivered via posters with loss framed messages (Khoa et al., 2021); and adding objects to
the environment (12.5) through proximity buzzers (Blanken et al., 2020).

The review also identified BCTs that were ineffective. There was no support for using the
BCT of future punishment (10.11) as government fines (Hoeben et al., 2021) were
ineffective; this is supported by recent reviews suggesting that punitive approaches to
public health are often ineffective or counterproductive (Independent SAGE, 2021; Mills,
Symons, & Carter, 2021).

There are other BCTs that were not tested but are potentially useful in changing
distancing behavior. These are listed in the future research section. It is also worth noting
that the included BCTs were not tested in isolation so their effectiveness may be due to
their interaction with other BCTs in that intervention.

Mechanisms of Action

Several MoAs were related to BCTs that were tested in the interventions included in
this review. The most effective BCTs were related to environmental context and resources,
behavioral cueing, feedback processes and motivation but these were related to two
interventions of directional walking systems and proximity buzzers (Blanken et al., 2020).

BCTs that were related to other potential MoAs had inconclusive results. However,
interventions that used loss framed prevention posters (Khoa et al., 2021) were effective at
changing intentions that are also related to the MoAs: attitudes towards the behavior,

beliefs about consequences, knowledge, perceived susceptibility/ vulnerability and social
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learning and imitation. Prospect theory (Kahneman & Tversky, 1979) could explain why the
loss framed posters were successful as it suggests that when trying to change behaviors
linked to health risk (e.g., physical distancing), loss frames (e.g., making negative
consequences of not doing behavior salient) are more effective than gain frames (e.g.,
making the benefits of doing the behavior salient) as we are motivated to reduce the loss
(cf., Abhyankar, O’Connor, & Lawton, 2008).
Theoretical Domains

The review found that BCTs from six of the fourteen theoretical domains were used.
Changing the environmental context and resources seemed particularly effective with mixed
evidence for BCTs that can influence knowledge, beliefs about consequences and social
influence. A theoretical domain that could be particularly relevant to encouraging physical
distancing behavior is cognitive and interpersonal skills as distancing is influenced by the
behavior of other people; therefore having the skills to enable negotiation of space would
be valuable.
Intervention Functions

The review identified that eight of the nine intervention functions were related to
the BCTs used in physical distancing interventions: education, persuasion, modelling,
environmental restructuring, enablement, training, incentivisation and coercion. Restriction
(using rules to increase distancing by reducing the opportunity to engage in opposing
behaviors; Michie et al., 2014) was not used. Application of this intervention function could
be through managing crowds e.g., restricting the number of people in shared spaces rather
than encouraging distancing as per the included interventions. Environmental restructuring
was particularly effective as a means to change behavior (Blanken et al., 2020).

Other Considerations
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Physical distancing is influenced by the context in which it is performed such as
restrictions on the opportunity to distance, distractions, and beliefs (e.g., around risk and
trust). For example, distancing is affected by the number of other people in the vicinity
(Hoeben et al., 2021; Liebst et al, 2020); stay at home orders facilitated distancing in
Hoeben et al.’s study as there were fewer people in public spaces, which consequently
made physical distancing easier. Distraction may also affect the ability to distance; for
example, distancing behavior decreased when ordering food at the counter (Chutiphimon et
al., 2020). Beliefs such as risk can affect distancing behavior. For example, those who lived in
low risk areas had decreased physical distancing in an avatar study (Cartaud et al., 2020).
There is mixed evidence that when risk is perceived to be lower, through wearing face-
coverings, distancing behavior may change. An avatar study found that when avatars wore
masks, people indicated they would stand closer (Cartaud et al., 2020; Luckman et al. 2020);
however, 1.5m distancing was not related to mask wearing in a CCTV observational study
(Liebst et al., 2020). Belief such as trust are also related to distancing behavior: higher levels
of trust in science and politics increased adoption of behaviors such as physical distancing
(Dohle et al., 2020). Therefore, these contextual factors should be considered when
designing physical distancing interventions.

Areas for Future Research

This review identified several limitations in the extant literature, which could be
addressed in future research. First, measures in many studies conflated physical distancing
when co-located (e.g., keep 1-2m apart; avoid hugging, kissing, hand shaking) with crowd
avoidance (e.g., avoid crowded places, work from home, limit time spent away from home)
— these studies were thus excluded from our review. Second, studies did not always report

intentions or behavior; for example, Lunn et al. (2020) reported perceived effectiveness and
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memorability of the intervention posters but not intentions to distance or actual behavior.
Although measuring these variables is useful when deciding between different posters
addressing the same MoA and using the same BCTs it is less useful at early stages of
research when identifying effective MoAs and BCTs is needed. An agreed core outcome set
could be used to improve reporting standards (Shorter et al., 2019; Williamson et al., 2021).
Third, as can be seen in Table S4 only fourteen out of twenty-six MoAs were coded as
included in the interventions in this review and only fourteen out of ninety-three behavior
change techniques were coded by this review’s authors (moreover, none of the studies
identified behavior change techniques using a taxonomy). Additionally, these have not
always focused on MoAs that have been identified as potentially important, e.g., behavioral
regulation was identified as an important target but was not tested in the included
interventions (Hagger et al., 2020). Fourth, the interventions did not always compare
interventions that differed in BCTs — for example, Chutiphimon et al. (2020) compared two
interventions that both used prompts and cues (7.1). Although this is useful when deciding
the best way to deliver BCTs we know are effective, it is less useful when we need to
identify effective BCTs. Behavioral regulation, perceived susceptibility/vulnerability and
social norms were not addressed in the interventions included in this review. Fifth, the
samples in the studies were largely unrepresentative of the general population (i.e., the
sampling strategies were convenience sampling rather than aiming for a representative
sample; however, two of the three studies assessed for this in the MMAT were
representative of their target population) although the review itself included studies from
several countries over three continents. Sixth, with the exception of one study the data
were collected in Western, Educated, Industrialised, Rich and Democratic countries (WEIRD

— Henrich et al., 2010) so these results may not generalise to other contexts.
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Further research into interventions to promote physical distancing behavior is needed.
This review has identified which intervention components are promising, which are
inconclusive and which have not been tested. These intervention components are
constructs that need to change (theoretical domains), the means to change the behavior
(policy categories, intervention functions), strategies to change behavior (the BCTs), how to
deliver the interventions and the mechanisms through which BCTs work (the MoAs). Future
interventions could systematically test these intervention components. For example, social
comparison (6.2) and information about others approval (6.3) could be effective in changing
social norms around physical distancing as social influences were promising domains
identified in survey studies. BCTs such as problem solving (1.2) (e.g., finding solutions to
address situations when distancing is difficult), instructions on how to perform the behavior
(4.1), demonstration of the behavior (6.1) and behavioral rehearsal (8.1) could be effective
in increasing capabilities. Those BCTs could also be coupled with information about health
consequences (5.1) as there is evidence that behavior is more likely when both perceptions
of risk and self-efficacy are influenced by an intervention (Sheeran et al., 2014). The BCTs
information about social and environmental consequences (5.2), anticipated regret (5.5),
and information about emotional consequences (5.6) could influence beliefs about
consequences; goal setting (outcome) (1.1) and incentive (outcome) (10.8) (e.g., information
about the positive consequences of distancing on allowing opening up of restrictions) could
influence intentions and motivation.

Studies that explore the barriers and facilitators of physical distancing are also required
to ensure the interventions are optimised; for example, a barrier may be that physical
distancing involves the co-operation of others so an intervention component that focuses

on being able to communicate your distancing needs with others may be necessary.
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Limitations of the Review

We have identified three limitations of this review. First, there was only one high quality
study (Hoeben et al., 2021 had a low risk of bias on all elements) in the review; although a
higher risk of bias in the other studies was most often due to a lack of information rather
than certainty of a high risk of bias. Second, we were not able to meta-analyse the data due
to the small number of effect sizes for each outcome and problems with the independence
of these effect sizes. Third, the small number of studies and the unrepresentative samples
meant we were unable to explore who the interventions worked for.
Conclusion

This review is the first review to summarise the state of the literature regarding physical
distancing interventions. Although the review contains only a small number of studies, there
is a need to evaluate emerging evidence in order to promote physical distancing during the
ongoing COVID-19 pandemic. Research on physical distancing is still important even though
some governments have relaxed restrictions to do this with the COVID-19 pandemic as
some members of the public still wish to physically distance to keep themselves safe (Drury
et al., 2021b); although these people may be motivated to physically distance, interventions
may still be necessary to increase capabilities and opportunities. Furthermore, physical
distancing may be necessary in the future as restrictions may be reimplemented with new
strains of COVID-19 or for future pandemics. The review has extended our knowledge to
show that physical distancing intentions and behavior can be increased but the size of the
effect cannot be determined. Although there are BCTs that show influences on intentions
and behavior this is based on only a few studies so strong conclusions cannot be drawn.

However, this review has provided recommendations for interventions to be tested in
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future research and has been used to develop recommendations (Hart et al., 2021) as a
starting point for public health campaigns.
References
Abhyankar, P., O’Connor, D.B., & Lawton, R.J. (2008). The role of message framing in promoting
MMR vaccination: evidence of a loss frame advantage. Psychology, Health & Medicine, 13,

1-16. DOI: 10.1080/13548500701235732

Bonell, C., Michie, S., Reicher, S., West, R., Bear, L., Yardley, L., Curtis, V., Amlot, R., & Rubin, G. J.
(2020). Harnessing behavioral science in public health campaigns to maintain ‘social
distancing’ in response to the COVID-19 pandemic: key principles. Journal of Epidemiology &
Community Health, 74, 617 - 619. doi: 10.1136/jech-2020-214290.

*Blanken, T. F., Tanis, C. C., Nauta, F. H., Dablander, F., Zijlstra, B., Bouten, R. R. M., Oostvogel, Q.
H., Boersma, M. J., van der Steenhoven. M. V., van Harreveld, F., de Wit, S., & Borsboom., D.
(2020) Smart Distance Lab: A new methodology for assessing social distancing interventions.
https://osf.io/mjg2f

*Bos, B., Drupp, M. A., Meya, J. N., & Quaas, M.F. (2020). Moral suasion and the private provision
of public goods: Evidence from the COVID-19 pandemic. Environment & Resource
Economics, 76, 1117-1138. https://doi.org/10.1007/s10640-020-00477-2

Cane, J., O’Connor, D., & Michie, S. (2012). Validation of the theoretical domains framework for use
in behavior change and implementation research. Implementation Science, 7.
https://doi.org/10.1186/1748-5908-7-37

Cane, J., Richardson, M., Johnston, M., Ladha, R., & Michie, S. (2015). From lists of behavior change
techniques (BCTs) to structured hierarchies: comparison of two methods of developing a
hierarchy of BCTs. British Journal of Health Psychology, 20, 130-50. doi:

10.1111/bjhp.12102.

35


https://doi.org/10.1080/13548500701235732
https://doi.org/10.1007/s10640-020-00477-2

Carey, R. N., Connell, L. E., Johnston, M., Rothman, A. J., de Bruin, M., Kelly, M. P., & Michie, S.
Behavior change techniques and their mechanisms of action: A synthesis of links described
in the published literature. (2019). Annals of Behavioral Medicine, 53, 693-707. DOI:
10.1093/abm/kay078

Cartaud, A., Quesque, F., Coello, Y. (2020). Wearing a face mask against Covid-19 results in a
reduction of social distancing. PLoS One, 15, e0243023.

https://doi.org/10.1371/journal.pone.0243023

CDC (2021, April). Social Distancing. https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-

sick/social-distancing.htmlChater, A.M., Shorter, G. W, Swanson, V, Kamal, A, Epton, T.,

Arden, M.A,, Hart, J., Byrne-Davis, L. M. T., Drury, J., Whittaker, E., Lewis, L. J. M., Chadwick,
P., O’Connor, D. B., & Armitage, C. J. (2021). Template for rapid iterative consensus of
experts (TRICE). International Journal of Environmental and Public Health, 18, 10255.

https://doi.org/10.3390/ijerph181910255

Chater, A. M., Shorter, G. W., Swanson, V., Kamal, A., Epton, T., Arden, M .A., Hart, J., Byrne-Davis,
L., Drury, J., Whittaker, E., Lewis, L., McBride, E., Chadwick, P., O’Connor, D. B. & Armitage,
C. J. (2021). Template for Rapid Iterative Consensus of Experts (TRICE). International Journal
of Environmental Research and Public Health, 18(19), 10255;

https://doi.org/10.3390/ijerph181910255

Chu, D. K., Akl, E. A., Duda, S., Solo, K., Yaacoub, S., & Schiinemann, H. J. (2020) Physical distancing,
face masks, and eye protection to prevent person-to-person transmission of SARS-CoV-2
and COVID-19: a systematic review and meta-analysis. Lancet 395, 1973-
1987. https://doi.org/10.1016/S0140-6736(20)31142-9

*Chutiphimon, H., Thipsunate, A., Cherdchim, A., Boonyaphak, B., Vithayasirikul, P., Choothong, P.,

Vichathai, S., Ngamchaliew, P., & Vichitkunakorn, P. (2020). Effectiveness of Innovation

36


https://doi.org/10.1371/journal.pone.0243023
https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/social-distancing.html
https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/social-distancing.html
https://doi.org/10.3390/ijerph181910255
https://doi.org/10.3390/ijerph181910255
https://www.thelancet.com/journals/lancet/issue/vol395no10242/PIIS0140-6736(20)X0026-2
https://doi.org/10.1016/S0140-6736(20)31142-9

Media for Improving Physical Distancing Compliance during the COVID-19 Pandemic: A
Quasi-Experiment in Thailand. International Journal of Environmental Research & Public
Health, 17; 8535 - 8545. doi: 10.3390/ijerph17228535.

Connell, L. E., Carey, R. N., de Bruin, M., Rothman, A. J., Johnston, M., Kelly, M. P., & Michie, S.
(2018). Links between behavior change techniques and mechanisms of action: An expert

consensus study. Doi: 10.31234/osf.io/fge86. https://psyarxiv.com/fge86/

Coroiu, A., Moran, C., Campbell, T., & Geller, A. C. (2020). Barriers and facilitators to social
distancing recommendations during COVID-19 among a large international sample of adults.

PLOS One. https://doi.org/10.1371/journal.pone.0239795

Dohle, S., Wingena, T., & Schreibera, M. (2020) Acceptance and Adoption of Protective Measures
During the COVID-19 Pandemic: The Role of Trust in Politics and Trust in Science. Social
Psychological Bulletin, 15,e4315. https://doi.org/10.32872/spb.4315

Drury, J., Carter, H., Ntontis, E., & Guven, S. (2021a). Public behavior in response to the COVID-19
pandemic: Understanding the role of group processes. BJPsych Open, 7, E11.
doi:10.1192/bjo.2020.139

Drury J., Armitage, C. J., Arden, M. A., Epton, T., Shorter, G., Byrne-Davis, L., Chadwick, P., Hart, J.
Kamal, A., Lewis, L., McBride, E., O’Connor, D., Swanson, V., Whittaker, E., & Chater, A.
(2021b). The psychology of freedom day. The Psychologist.
https://thepsychologist.bps.org.uk/psychology-freedom-day

Hagger, M. S., Smith, S. R., Keech, J. J., Moyers, S. A., & Hamilton, K. (2020). Predicting Social
Distancing Intention and Behavior During the COVID-19 Pandemic: An Integrated Social

Cognition Model. Annals of Behavioral Medicine, 54, 713—727. DOI: 10.1093/abm/kaaa073

37


https://psyarxiv.com/fge86/
https://doi.org/10.1371/journal.pone.0239795
https://doi.org/10.32872/spb.4315
https://doi.org/10.1192/bjo.2020.139
https://doi.org/10.1192/bjo.2020.139

Hamilton, K., Smith, S. R., Keech, J. J., Moyers, S. A., & Hagger, M. S. (2020) Application of the
Health Action Process Approach to Social Distancing Behavior During COVID-19. Applied
Psychology: Health & Wellbeing, 12, 1244-1269. doi:10.1111/aphw.12231

Hart, J., Byrne- Davis, L., Epton, T., Ghio, D., Drury, J., Armitage, C. J., Shorter, G., Arden, M.A.,
Chadwick, P., Kamal, A., Lewis, L., McBride, E., O’Connor, D., Swanson, V., Whittaker, E. &
Chater, A. (2021). Optimising physical distancing to reduce the spread of Covid-19:
Behavioral science and disease prevention guidance for public health. Leicester: British

Psychological Society. https://www.bps.org.uk/coronavirus-

resources/professional/optimising-physical-distancing

Henrich, J., Heine, S., & Norenzayan, A. (2010). The weirdest people in the world? Behavioral and
Brain Sciences, 33(2-3), 61-83. d0i:10.1017/50140525X0999152X

*Hoeben, E. M., Bernasco, W., Liebst L. S., van Baak, C., & Rosenkrantz Lindegaard, M. (2021), Social
distancing compliance: A video observational analysis. PLoS One,
https://doi.org/10.1371/journal.pone.0248221

Hong, Q. N., Pluye, P., Fabregues, S., Bartlett, G., Boardman, F., Cargo, M., Dagenais, P., Gagnon,

M-P., Griffiths, F., Nicolau, B., O’Cathain, A., Rousseau, M-C., & Vedel, I. (2018). Mixed

Methods Appraisal Tool (MMAT). http://mixedmethodsappraisaltoolpublic.pbworks.com/

Independent SAGE (2021, February). Independent SAGE briefing note on use of punishments in the
COVID response. https://www.independentsage.org/independent-sage-briefing-note-on-
use-of-punishments-in-the-covid-response/

John Hopkins University (2021, April). COVID-19 dashboard. https://coronavirus.jhu.edu/map.html

Johnstone, M., Carey, R.N., Connell, L. E., Johnston, D. W., Rothman, A. j., de Bruin, M., Kelly, M. P.,

Groarke, H. & Michie, S. (2020). Development of an online tool for linking behavior change

38


https://www.bps.org.uk/coronavirus-resources/professional/optimising-physical-distancing
https://www.bps.org.uk/coronavirus-resources/professional/optimising-physical-distancing
https://doi.org/10.1371/journal.pone.0248221
http://mixedmethodsappraisaltoolpublic.pbworks.com/
https://coronavirus.jhu.edu/map.html

techniques and mechanisms of action based on triangulation of findings from literature
synthesis and expert consensus. Doi: 10.1093/tbm/ibaa050. https://psyarxiv.com/urékz/
Kahneman, D., & Tversky, A. (1979). Prospect theory: An analysis of decision under risk.
Econometrica, 47, 263—291. https://doi.org/10.2307/1914185
*Khoa, D. T., Wang, C-Y., & Guchait, P. (2021). Using regulatory focus to encourage physical
distancing in services: When fear helps to deal with Mr. Deadly COVID-19. The Service

Industries Journal, 41, https://doi.org/10.1080/02642069.2020.1831477

Lawes-Wickwar, S., Ghio, D., Tang, M. Y., Keyworth, C., Stanescu, S., Westbrook, J., Jenkinson, E.,
Kassianos, A. P., Scanlan, D., Garnett, N., Laidlaw, L., Howlett, N., Carr, N., Stanulewicz, N.,
Guest, E., Watson, D., Sutherland, L., Byrne-Davis, L., Chater, A., Hart, J., Armitage, C. J.,,
Shorter, G. W., Swanson, V., Epton, T. (2021). A Rapid Systematic Review of Public
Responses to Health Messages Encouraging Vaccination against Infectious Diseases in a
Pandemic or Epidemic. Vaccine, 9, 72. https://doi.org/10.3390/vaccines9020072

Liebst, L. S., Ejbye-Ernst, P., de Bruin, M., Thomas, J., & Rosenkrantz Lindegaard, M. (2020). Mask-
wearing and social distancing: Evidence from a video-observational and natural-
experimental study of public space behavior during the COVID-19 pandemic
https://psyarxiv.com/ep8jg/

Liekefett, L. & Becker, J. (2021). Compliance with governmental restrictions during the coronavirus
pandemic: A matter of personal self-protection or solidarity with people in risk groups?
British Journal of Social Psychology DOI:10.1111/bjso.12439

Luckman, A., Zeitoun, H., Isoni, A., Loomes, G., Vlaey, |., Powdthavee, N., & Read, D. (2020). Risk
compensation during COVID-19: The impact of face mask usage on social distancing.

https://osf.io/rb8he/

39


https://doi.org/10.1080/02642069.2020.1831477
https://psyarxiv.com/ep8jg/
https://osf.io/rb8he/

*Lunn, P. D., Timmons, S., Belton, C. A., Barjakova M., Julienne, H. & Lavin, C. (2020). Motivating
social distancing during the COVID-19 pandemic: An online experiment. Social Science &
Medicine, 265, 113478. https://doi.org/10.1016/j.socscimed.2020.113478

Michie, S., Richardson, M., Johnston, M., Abraham, C., Francis J., Hardeman, W., Eccles, H. P., Cane,
J. & Wood, C. (2013). The behavior change technique taxonomy (v1) of 93 hierarchically
clustered techniques: Building an international consensus for the reporting of behavior
change interventions. Annals of Behavioral Medicine, 46, 81-95. doi: 10.1007/s12160-013-
9486-6.

Michie, S., Atkins, L., & West, R. (2014). The behavior change wheel: A guide to designing
interventions. Silverback Publishing

Mills, F., Symons, C., & Carter, H. (2021). Exploring the role of enforcement in promoting adherence
with protective behaviors during COVID-19. Policing: A Journal of Policy and Practice.
https://doi.org/10.1093/police/paab079

Moore, G. F. & Evans, R. E. (2017). What theory, for whom and in which context? Reflections on the
application of theory in the development and evaluation of complex population health
interventions. SSM — Population Health, 3, 132-135.
methodohttp://dx.doi.org/10.1016/j.ssmph.2016.12.005

NHS (2021, April) Social distancing what you need to do.

https://www.nhs.uk/conditions/coronavirus-covid-19/social-distancing/what-you-need-to-

do/

Nivette, A., Ribeaud, D., Murray, A., Steinhoff, A., Bechtiger, L., Hepp, U., Shanahan, L., & Eisner, M.
(2021). Non-compliance with COVID-19-related public health measures among young adults
in Switzerland: Insights from a longitudinal cohort study. Social Science & Medicine, 268,

113370. https://doi.org/10.1016/j.socscimed.2020.113370

40


https://doi.org/10.1016/j.socscimed.2020.113478
https://www.nhs.uk/conditions/coronavirus-covid-19/social-distancing/what-you-need-to-do/
https://www.nhs.uk/conditions/coronavirus-covid-19/social-distancing/what-you-need-to-do/

Norman, P., Wilding, S., & Conner, M. (2020). Reasoned action approach and compliance with
recommended behaviors to prevent the transmission of the SARS-CoV-2 virus in the UK.
British Journal of Health Psychology, 25, 1006-1019. DOI:10.1111/bjhp.12474

O’Connor, D.B., Aggleton, J.P., Chakarabati, D., Cooper, C.L., Creswell, C., Dunsmuir, S., Fiske, S.T.,
Gathercole, S., Gough, B., Ireland, J.L., Jones, M.V., Jowett, A., Kagan, C., Karanika-Murray,
M., Kaye, L.K., Kumari, V., Lewandowsky, S., Lightman, S., Malpass, D., ... & Armitage, C.J.
(2020). Research Priorities for the COVID-19 pandemic and beyond: A call to action for
psychological science. British Journal of Psychology, 111, 603-629.

https://doi.org/10.1111/bjop.12468

Office for National Statistics. (2021, April) Coronavirus and the Social Impacts on Great Britain.

https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/healthandw

ellbeing/bulletins/coronavirusandthesocialimpactsongreatbritain/19march2021

Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, |., Hoffmann, T. C., Mulrow, C. D., Shamseer, L.,
Tetxlaf, J. M., & Moher, D. (2021). Updating guidance for reporting systematic reviews:
development of the PRISMA 2020 statement. Journal of Clinical Epidemiology, 134, 103-112.
doi: 10.1016/j.jclinepi.2021.02.003.

Reinders Folmer, C., Kuiper, M.E., Olthuis, E., Kooistra, E. B., de Bruijn, A. L., Brownlee, M., Fine, A.,
& van Rooij, B. (2020a). Compliance in the 1.5 meters society: Longitudinal analysis of
citizens adherence to COVID-19 mitigation measures in a representative sample in the
Netherlands in early April, early May and late May. PsyArXiv https://psyarxiv.com/dr9q3/

Reinders Folmer, C., Kuiper, M., Olthuis, E., Kooistra, E. B., de Bruijn, A. L., Brownlee, M., Fine, A., &
van Rooij, B. (2020b). Maintaining Compliance when the Virus Returns: Understanding
Adherence to Social Distancing Measures in the Netherlands in July 2020. PsyArXiv

https://doi.org/10.31234/0sf.io/vx3mn

41


https://doi.org/10.1111/bjop.12468
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/healthandwellbeing/bulletins/coronavirusandthesocialimpactsongreatbritain/19march2021
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/healthandwellbeing/bulletins/coronavirusandthesocialimpactsongreatbritain/19march2021

Rozendaal, E., van Woudenberg, T. J., Crone, E. A,, Green, K. H., van de Groep, S., de Leeuw, R. H.,
Sweijen, S. W., & Buijzen, M. (2020) Communication and COVID-19 Physical Distancing

Behavior Among Dutch Youth. https://psyarxiv.com/c6s5v/

Sheeran., P., Harris, P. R., & Epton, T. (2014) Does heightening risk appraisals change people's
intentions and behavior? A meta-analysis of experimental studies. Psychological Bulletin,
140, 511-543. doi: 10.1037/a0033065.

Shorter, G. W., Bray, J. W., Giles, E. L., O’'Donnell, A. J., Berman, A. H., Holloway, A,, ... & Newbury-
Birch, D. (2019). The variability of outcomes used in efficacy and effectiveness trials of
alcohol brief interventions: a systematic review. Journal of studies on alcohol and
drugs, 80(3), 286-298.

Sommer, R. (1969). Personal space. The behavioral basis of design. Prentice-Hall.

Sorokowska, A., Sorokowski, P., Hilpert, P., Cantarero, K., Frackowiak, T., Ahmadi, K., Alghraibeh, A.
M., Aryeetey, R., Bertoni, A., Bettache, K., Blumen, S., Btazejewska, M., Bortolini, T.,
Butovskaya, M., Castro, F. N., Cetinkaya, H., Cunha, D., David, D., David, O. A,, ... Pierce, J. D.
(2017). Preferred interpersonal distances: A global comparison. Journal of Cross-Cultural
Psychology, 48, 577-592. https://doi.org/10.1177/0022022117698039

SPI-B (2020, August). Consensus statement on the reopening of large events and venues (S0703) —
19. https://www.gov.uk/government/publications/spi-b-consensus-statement-on-the-
reopening-of-large-events-and-venues-19-august-2020

Tanis, C.C., Leach, N.M., Geiger, S.J., Nauta, F. H., Dablander, F., van Harreveld, R., de Wit, S.,
Kanters, G., Knoppers, J., Markus, D. A. W., Bouten, R. R. M., Oostvogel, Q. H, Boersma, M. J.
van der Steenhoven, M. V., Borsboom, D., & Blanken, T. F. (2021). Smart Distance Lab’s art
fair, experimental data on social distancing during the COVID-19 pandemic. Scientific

Data 8, 179. https://doi.org/10.1038/s41597-021-00971-2

42


https://psyarxiv.com/c6s5v/
https://doi.org/10.1177/0022022117698039
https://www.gov.uk/government/publications/spi-b-consensus-statement-on-the-reopening-of-large-events-and-venues-19-august-2020
https://www.gov.uk/government/publications/spi-b-consensus-statement-on-the-reopening-of-large-events-and-venues-19-august-2020

Templeton, A., Smith, K., Dang Guay, J., Barker, N., Whitehouse, D., & Smith, A. (2021, October).
Returning to UK sporting events during COVID-19: Spectator experiences at pilot events.
Sports Ground Safety Authority. https://sgsa.org.uk/wp-
content/uploads/2020/10/Returning-to-UK-sporting-events-during-COVID-19-Analysis-of-
spectator-experiences-at-pilot-events.pdf

Van Bavel, J. J., Cichocka, A., Capraro, V., Sjastad, H., Nezlek, J. B., Alfano, M., Gelfand, M. J.,
Azevedo, F., Birtel, M. D., Cislak, A., Lockwood, P. L., Ross, R. M., Abts, K., Agadullina, E.,
Amodio, D. M., Apps, M . A.J,, Aruta, J. J. B. R,, ... Palomaki, J. (2020, September 2). National
identity predicts public health support during a global pandemic: Results from 67 nations.

PsyArXiv https://doi.org/10.31234/osf.io/ydt95

Vignoles, V. L., Jaser, Z., Taylor, Z., & Ntontis, E. (2021). Harnessing shared identities to mobilise
resilient responses to the COVID-19 pandemic. Political Psychology. doi:10.1111/pops.12726

Vilches, T. N., Jaberi-Douraki, M., Moghadas S. M. (2019). Risk of influenza infection with low
vaccine effectiveness: the role of avoidance behavior. Epidemiology & Infection, 147, 75.
doi: 10.1017/50950268818003540.

WHO (2020, April) Coronavirus. https://www.who.int/health-topics/coronavirus#tab=tab 2

Williamson, P. R., Altman, D. G., Bagley, H., Barnes, K. L., Blazeby, J. M., Brookes, S. T., ... & Young,
B. (2017). The COMET handbook: version 1.0. Trials, 18(3), 1-50.

Zhu, Z., Lian, X., Su, X. Wu, W., Marraro, G. A. & Zeng, Y. (2020). From SARS and MERS to COVID-19:
A brief summary and comparison of severe acute respiratory infections caused by three
highly pathogenic human coronaviruses. Respiratory Research, 21, 224.

https://doi.org/10.1186/s12931-020-01479-w

43


https://sgsa.org.uk/wp-content/uploads/2020/10/Returning-to-UK-sporting-events-during-COVID-19-Analysis-of-spectator-experiences-at-pilot-events.pdf
https://sgsa.org.uk/wp-content/uploads/2020/10/Returning-to-UK-sporting-events-during-COVID-19-Analysis-of-spectator-experiences-at-pilot-events.pdf
https://sgsa.org.uk/wp-content/uploads/2020/10/Returning-to-UK-sporting-events-during-COVID-19-Analysis-of-spectator-experiences-at-pilot-events.pdf
https://doi.org/10.31234/osf.io/ydt95
https://onlinelibrary.wiley.com/doi/full/10.1111/pops.12726
https://onlinelibrary.wiley.com/doi/full/10.1111/pops.12726
https://www.who.int/health-topics/coronavirus#tab=tab_2

[ ldentification

] [erppning

[EIiEibiIitV

Records identified through Additional records identified
database searching through other sources
(n =1146) (n=1)

[Inrludprl

Records after duplicates removed
(n = 1014)

\ 4

Records screened
(n=1014)

Records excluded
(n=955)

Full-text articles assessed
for eligibility
(n =59)

A 4

Papers included in review (n
=6)
Representing studies (n =7)
Representing comparisons
(n=19)

Full-text articles excluded, with reasons
(n=53)
e Not a physical distancing intervention (n =
47)
e Not an appropriate comparison (n = 3)
e Not appropriate outcome (n = 3)

Figure 1. Flow diagram of papers included in the review

44




Table 1: Study Characteristics

Authors Location and Sample Conditions Results
Bos et al. German Intentions/plans and support for government regulations 1.consequentialist message vs no message control
(2020) Online setting were measured after receiving one of two message types e No effects on intentions/plans to physically distance d = .06
g}gng)ral population (N = or a no message control in this study e Significant difference in support for government regulations particularly in under 60 year olds and women d =
1 .10
No demographics reported 1. A consequentialist message (i.e., focused on
consequences and included a photo of a credible 2. deontological message vs consequentialist message
source) e No effects on intentions/plans to physically distance d = .04
2. A Deontological message (i.e. focused on moral e No difference in support for government regulations d = .03
duty and included photo of credible source)
3. No message control 3. deontological message vs no message control
. Significant difference in intentions/plans to physically distance d = .10 (This message is particularly effective
for those under 60 and males)
. Significant difference in support for government regulations particularly in under 60 year olds and women d =
13
Blanken etal.  Netherlands Behaviour (a count of distance violations was recorded 1. unidirectional walking directions + immediate buzzer vs immediate buzzer
(2020) Art Fair setting electronically using a proximity device) was measured in . The addition of unidirectional arrows indicating a one-way system decreased the number of distancing
Graduates of Dutch art four conditions that varied in walking directions and violations compared to immediate buzzer alone d = .40
academies and others (N = buzzers.
787) 2. unidirectional walking directions vs bidirectional walking directions
Demographics not reported 1. Unidirectional walking directions (with arrows on . There were no differences between the one way and two-way systems d = -.13
floor decals - one lane only)
2. Bidirectional walking directions (clockwise and 3. bidirectional walking directions + delayed buzzer vs bidirectional walking directions
anti-clockwise with arrows on floor decals) e A delayed buzzer had no effect or had a negative effect. d = -.22
3.  Immediate buzzer (that immediately sounded when
within 1.5m of another person from outside of your 4.unidirectional walking directions + immediate buzzer vs unidirectional walking directions
houschold. A demonstration of how it worked was e Buzzers were effective in reducing distancing violations when the feedback from them was immediate and
included) when visitors received a demonstration of the buzzer. d = .42
4. Delayed buzzer (sounded 3 seconds after being
within 1.5m of another person from outside of your
household)
Chutiphimon ~ Thailand Behaviour (from CCTV recordings were used to note

et al. (2020)

University canteen setting
University staff, students and
others (N = 400)

83% were aged 19-64 years

success and failure to distance) was measured after
exposure to three types of floor decal marker that were
used to mark out 2m gaps (there were 5 markings (1-2
were side by side at the counter; 3-5 were queued
adjacent)

1. Red arrow floor decal (red arrow between footprint
stickers at 2m distance)

2. Coronavirus floor decal (an aggressive coronavirus
with glowing eyes and “stop Covid-19” with cut out
circle for feet)

3. Footprint floor decal (footprint stickers at 2m
distance) - control

1. red arrow floor decal vs footprint floor decal
e No difference in distancing at any marking between floor decals
. Fewer failings in both groups at markings further away from counter
Marking point 1: d = -.41
Marking point 2: d = .11
Marking point 3: d = .04
Marking point 4: d = -.08
Marking point 5: d = .85
Mean = .10

2. coronavirus floor decal vs footprint floor decal

e No difference in distancing at any marking between floor decals

. Fewer failings in both groups at markings further away from counter
Marking point 1: d=.29
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Results

Marking point 2: d = -.08
Marking point 3: d=-.01
Marking point 4: d = .52

Marking point 5: d = .40

Mean = .22

3. text floor decal vs footprint floor decal

Difference in marking point 1 (at the counter) between intervention and control but no differences at any other
marking.

Fewer failings in both groups at markings further away from counter

Marking point 1: d = .52

Marking point 2: d = -.21

Marking point 3: d = -.25

Marking point 4: d = -.48

Marking point 5: d =-.11

Mean =-11

Heoben et al.

Netherlands

Behaviour was measured at four time points. CCTV

Not possible to calculate d as did not count non violations

(2021) Outdoor public space setting recordings used to note failure of 1.5m distancing or when
General population (N = in groups of >3 people (not from your household). Cell 1. government recommendations vs pre outbreak
unknown) phone data was also collected to measure change in time e  Decline in failures to distance from 12 March (no explicit distancing rule) and continues to decline after 1.5m
Demographics not reported spent at non-residential places. recommendation (after 15 March) with lowest number of 19 March (before explicit rules and announcement
of fine).
1. Pre-outbreak measures (Jan 2020 — Feb 2020) e 12 -19 March there is a decline in number of people on street from CCTV data (compared to Jan - Feb 2020).
Outbreak but pre government recommendations (29 Number of people on street positively correlated with number of violations.
Feb to 12 Mar 2020) e Up to 12 March number of people in non-residential places was same as pre-COVID. 12 — 19 March there is
3. Government recommendations (to keep 1.5m apart) sharp decline in time spent at non-residential locations
(19 Mar 2020 to 21 Mar 2020)
4. Government recommendations (to keep 1.5m apart) 2. government recommendations + fines vs government recommendations pre fines
and fines (for not complying with 1.5m distancing) e After explicit rule and fines for physical distancing there is a steady increase in violations (especially on
(26 Mar to 2 May 2020) weekends) from early April to early May. Increase in violations related to increase in number of new cases.

e Number of people on street positively correlated with number of violations. Time spent at non-residential
locations relatively low until 4 April when started to increase. Correlation between time spent at non-
residential locations and distancing violations remains even after people on street controlled for.

Khoa et al — USA Intentions, fear and self-efficacy were measured after 1. gain framed message vs minimal message
study 2 Online setting exposure to one of three message types . Intentions were not reported but assume no significant differences between control and gain framed
(2021) General population (N = 104) (“promotion”). Cannot calculate d

71.2% female ; mean age
42.18 years

1.

Gain framed “promotion” message (Image of two
figures standing apart and text “maintaining physical
distance protects yourself from being infected with
the coronavirus and secures your personal life”)
Loss framed “prevention” message (Image of two
figures standing apart (with arrow) and text “failing
to maintain physical distance risks yourself of being
infected with the coronavirus and endangers your
personal life”)

Minimal message (Image of two figures standing
apart with “please maintain physical distance”) -
control

. loss framed message vs minimal message

Greater intentions to distance between loss framed (“prevention”) and control. Cannot calculate d

. loss framed message vs gain framed message

Greater intentions to distance between loss framed (“prevention”) and gain framed (“promotion”). Chronic
prevention focus (i.e., a tendency to avoid losses) does not moderate this effect.

Cannot calculate d

Loss framed (“prevention”) reported higher fear than gain framed (“promotion”). Fear was shown as a
mediator of the effect of the physical distancing intervention (comparing loss and gain framed) on intentions
Cannot calculate d

There was no difference loss framed (“prevention”) and gain framed (“promotion”) on self-efficacy and this
was not a mediator
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Khoa et al - USA Intentions were measured after exposure to one of four 1. Main effects of message type
study 3 Online setting message type . Higher intentions in loss framed (“prevention”) than gain framed (“promotion”) conditions. Cannot calculate
(2021) General population (N = 124) d
43.5% female; mean age 1. Loss framed “prevention” message (Image of two
41.77 years figures standing apart (with arrow) and text “failing 2. Main effects of anthropomorphic image
to maintain physical distance risks yourself of being e Higher intentions in anthropomorphic than non-anthropomorphic conditions. Cannot calculate d
infected with the coronavirus and endangers your
personal life”) 3. Interaction between message type and anthropomorphic image
2. Gain framed “promotion” message (Image of two . anthropomorphic image is absent loss framed (“prevention”) have greater intentions than gain framed
figures standing apart (with arrow) and text (“promotion”) d = .59
“maintaining physical distance protects yourself e anthropomorphic image increased intentions in loss framed (“prevention”) compared to anthropomorphic gain
from being infected wit_h the coronavirus and framed (“promotion”) d = 1.76
secures your personal llfe”) . e anthropomorphic image in loss framed (“prevention”) condition increased intentions compared to non-
3. Loss framed message with anthropomorphic scary anthropomorphic loss framed (“prevention™) condition d = .70
cartoon coronavirus between the figures
4.  Gain framed message with anthropomorphic scary
cartoon coronavirus between the figures
Lunn et al. Ireland Perceived effectiveness and perceived memorability were 1.individual person poster vs control poster
(2020) Online setting measured after exposure to one of three posters . Control poster was significantly seen as more effective and memorable than intervention poster (calculated by

General population (N = 500)
49% female; 33% <40 years/
31% 40-59 years / 36% >60
years

1.

Individual person poster ( 4 panels, each with an
image of people not maintaining social distance,
with text-bubbles that foretold stories of chains of
infection. Showed individuals who don’t realize they
have the virus, spreading it to an identifiable
vulnerable person. Including counterfactuals “if they
had sat further away she’d have been ok and open-
ended implications “he has asthma”)

Transmission rate poster (4 panels, each with an
image of people not maintaining social distance,
with text-bubbles that foretold stories of chains of
infection.Showed individuals unwittingly spreading
the virus to multiple others. Including
counterfactuals “Had they sat further apart those
people would have been ok and open-ended
implications “will now give COVID-19 to her
colleagues, they’ll give it to their families”)

Control poster (Featureless figurative cartoons in 4
panels depicting distancing in 4 social situations
(i.e., walking in the street, sitting at a table, when
shopping, on a football field))

number of people who selected maximum score as data highly skewed)
d =-.32 effectiveness
= -.37 memorability

2. transmission rate poster vs control poster

e No significant differences between the control poster and the transmission rate poster (calculated by number
of people who selected maximum score as data highly skewed)
d =-.15 effectiveness
d = -.23 memorability

3.transmission rate poster vs individual person poster
e No differences between the transmission rate poster and the individual person poster (calculated by number of
people who selected maximum score as data highly skewed)
d = .17 effectiveness
d = .14 memorability
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Table 2: Quality of studies

Study Screening Randomized Controlled Trials Non Randomized Trials Quantitative Descriptive Study
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Bos et al. (2020) Yes  Yes Yes Yes* Yes No  Yes
Khoa et al. (2021) — study 2 Yes  Yes Can’t Can’t Yes Ye  Yes
tell tell s
Khoa et al. (2021) — study 3 Yes  Yes Can’t Can’t Yes Ye  Yes
tell tell S
Lunn et al. (2020) Yes  Yes Can’t  Yes Yes Ye  Yes
tell s
Blanken et al. (2020) Yes  Yes Can’t Yes Can’t No Yes
Tell*** tell +
Chutiphimon et al. (2020) Yes  Yes Yes Yes Can’t No Yes
tell
Hoeben et al. (2021) Yes  Yes Yes Yes Yes Yes Yes

Notes:
* there was a slight but significant difference in age, that was likely due to chance, and that was controlled for in subsequent analysis

** for two of the three comparisons the participants were likely not blinded to condition as they were in a no message control and the measure was

self-report
*#* target population was not mentioned, the sample was recruited from an art fair so was not representative of the general population

+ intervention was delivered as intended but after an initial session where participants tested their proximity buzzers during the study time they
changed the protocol to allow give them a demonstration of this prior to entering the study



Table 3: Behavior change techniques, their delivery and effectiveness

2.1 Monitoring of behavior by others without feedback

2.2 Feedback on behavior

4.1 Instruction on how to perform the behavior

5.1 Information about Health Consequences

Distance monitoring without a buzzer
(Blanken et al, 2020)

Ineffective — the no buzzer control condition (where behavior was monitored with a proximity device without feedback) coupled with unidirectional walking

directions only was less effective than the unidirectional walking directions with a buzzer
Other BCTs: 7.1; 12.1

Proximity Buzzer

(Blanken et al, 2020)

Effective — buzzer increased behavior when feedback is immediate (2 sec delay ineffective) when coupled with physical restructuring
Other BCTs: 7.1; 12.1; 12.5

Poster demonstrating behavior (Lunn et al., 2020)

Inconclusive

Poster demonstrating behavior was significantly seen as more effective and memorable than other posters but did not measure intentions/behavior
Other BCTs: 6.1; 7.1; 9.1

Health consequences message

(Bos et al., 2020)

Ineffective no difference in intentions between this and a measurement only control or moral duty message
Other BCTs: 9.1

Moral duty message (Bos et al., 2020)
message focusing on moral duty influenced intentions compared to message only control but no difference compared to health consequences
message.
Other BCTs: 9.1; 13.2
Gain framed “promotion” poster 1 (Khoa et al, 2021)
Ineffective no difference between Gain framed “promotion” and control poster on intentions
Other BCTs: 6.1; 7.1

Loss framed “prevention” poster (Khoa et al, 2021)
Effective — increased intention when compared to Gain framed “promotion” focused poster (2 studies) and control (1 study)
Other BCTs: 6.1; 7.1

Poster with consequences to individual people or about transmission rate (Lunn et al., 2020)
Inconclusive ind person and transmission rate not effective in increasing effectiveness and memorability (and did not measure intentions or behavior)
Other BCTs: 7.1;9.1;9.3
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5.2 Salience of Consequences

6.1 demonstration of behavior

7.1 prompts / cues

8.3 Habit formation

9.1 credible source

9.3 comparative imagining of future outcomes

Floor decal markers with scary coronavirusf

(Chutiphimon et al., 2020)

Inconclusive — floor decal 2m markers with scary coronavirus don’t increase behavior when compared to other 2m floor decal markers
Other BCTs: 7.1; 8.3

Loss framed “prevention” poster with scary coronavirust (Khoa et al, 2021)

Effective — Loss framed “prevention” focused posters were effective in increasing intention when compared the same posters w/o the scary coronavirusand Gain
framed “promotion” posters

Other BCTs: 5.1; 6.1; 7.1

Gain framed “promotion” poster (Khoa et al, 2021)
Ineffective no difference between Gain framed “promotion” and control poster on intentions
Other BCTs: 5.1; 7.1

Loss framed “prevention” poster (Khoa et al, 2021)
Effective — increased intention when compared to Gain framed “promotion” focused poster (2 studies) and control (1 study)
Other BCTs: 5.1; 7.1

Poster demonstrating behavior (Lunn et al., 2020)

Inconclusive

Poster demonstrating behavior was significantly seen as more effective and memorable than other posters but did not measure intentions/behavior
Other BCTs: 4.1; 7.1, 9.1

Note — no studies compared a condition with prompts/ cues and one without any prompts and cues

Note: no studies compared conditions with habit formation strategies and one without habit formation strategies

Health consequences / moral duty message (Bos et al., 2020)

Inconclusive as no difference between a control and a health consequences message from a credible source but difference with a moral duty message from a
credible source

Other BCTs: 5.1; 13.2

Government Guidelines}

(Hoeben et al., 2021)

Inconclusive — behavior occurred before explicit government recommendations. May require other measures in place (e.g., stay at home orders) to facilitate
change

Other BCTs: N/A

Poster with consequences to individual people or about transmission rate (Lunn et al., 2020)
Inconclusive ind person and transmission rate not effective in increasing effectiveness and memorability (and did not measure intentions or behavior)
Other BCTs:5.1; 7.1; 9.1



10.11 future punishment

12.1 restructuring physical environment

12.5 Adding objects to environment

13.2 framing / reframing

Government Fines+

(Hoeben et al., 2021)

Ineffective — no evidence that fines influenced behavior
Other BCTs: 9.1

Directional walking system

(Blanken et al, 2020)

Effective one-way walking system increased behavior but no difference with bi-directional system
Other BCTs: 2.2; 7.1

Proximity Buzzer

(Blanken et al, 2020)

Effective — buzzer increased behavior when feedback is immediate (2 sec delay ineffective) when coupled with physical restructuring
Other BCTs: 2.2; 7.1; 12.1

Moral duty message
(Bos et al, 2020)
message focusing on moral duty influenced intentions compared to message only control, but no difference compared to health consequences
message.
Other BCTs: 5.1; 9.1
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Supplementary materials

Table S1 — PRISMA checklist

Section and Topic :"'"“ Checklist item m"":;'

TITLE

Title | 1 | |dentify the report as a systematic review. Yies

BACKGROUND

Objectives 2 | Provide an explicit statement of the main objective(s) or question(s) the review addresses. Yas

METHODS

Eligibility criteria 3 | Specify the inclusion and exclusion criteria for the review. Yas

Information sources 4 | Specify the information sources (g databases, registers) used to identify studies and the date when each | Yes
was last searched.

Risk of bias 5 | Specify the methods used o assess risk of bias in the included studies. Yes

Synthesis of results 6 | Specify the methods used to present and synthesise results. Yas

RESULTS

Included studies 7 | Give the total number of included studies and participants and summarise relevant characteristics of studies. | Yes

Synthesis of results & | Present results for main outcomes, preferably indicating the number of included studies and paricipants for | Yes
each. If meta-analysis was done, report the summary estimate and confidencel/credible interval. If comparing
groups, indicate the direction of the effect (Le_ which group is favoured).

DISCUSSION

Limitations of evidence 9 | Provide a brief summary of the limitations of the evidence included in the review (e study risk of bias, Yas
inconsistency and imprecision).

Interpretation 10 | Provide a general interpretation of the results and important implications. Yas

OTHER

Funding 11 | Specify the primary source of funding for the review. Yas

Registration 12 | Provide the register name and registration number. s
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Web of Science database includes

This includes: Science Citation Index Expanded (1900-present) -- Social Sciences Citation Index (1900-present) -- Arts & Humanities Citation Index (1975-present) -- Conference
Proceedings Citation Index- Science (1990-present) -- Conference Proceedings Citation Index- Social Science & Humanities (1990-present) -- Book Citation Index— Science (2005-
present) -- Book Citation Index— Social Sciences & Humanities (2005-present) -- Emerging Sources Citation Index (2015-present) -- Current Chemical Reactions (1993-present)
(Includes Institut National de la Propriete Industrielle structure data back to 1840) -- Index Chemicus (1993-present)

Search terms for each database
PubMed

("physical distancing"[MeSH Terms] AND (("methods"[MeSH Terms] OR "methods"[ All Fields] OR "intervention"[All Fields]) OR ("clinical trials as
topic"[MeSH Terms] OR ("clinical"[All Fields] AND "trials"[All Fields] AND "topic"[All Fields]) OR "clinical trials as topic"[All Fields] OR
"trial"[ All Fields]) OR experiment[All Fields])) AND ("pandemics"[MeSH Terms] OR "epidemics"[MeSH Terms] OR "influenza, human"[MeSH
Terms])

PsycInfo (search 25.01.21 = 0)
physical distancing.mh. and (intervention or trial or experiment).af. and (pandemics or epidemics or influenza, human).mh.
Web of science (search 25.01.21 = 826)

ALL FIELDS: (physical-distance OR social-distance OR physically-distanced OR socially-distanced OR physical-distancing OR social-
distancing OR physical-proximity OR social-proximity OR social-contact OR physical-contact) AND ALL

FIELDS: (intervention OR trial OR experiment) AND ALL

FIELDS: (pandemic OR epidemic OR Covid OR coronavirus OR SARS OR MERS OR HINI OR ebola OR influenza OR swine flu)
Refined by: DOCUMENT TYPES: ( ARTICLE OR DATA PAPER OR PROCEEDINGS PAPER OR EARLY ACCESS)

Timespan: All years. Indexes: SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-EXPANDED, IC.

Includes these databases:

Science Citation Index Expanded (1900-present) -- Social Sciences Citation Index (1900-present) -- Arts & Humanities Citation Index (1975-present) -
- Conference Proceedings Citation Index- Science (1990-present) -- Conference Proceedings Citation Index- Social Science & Humanities (1990-
present) -- Book Citation Index— Science (2005-present) -- Book Citation Index— Social Sciences & Humanities (2005-present) -- Emerging Sources
Citation Index (2015-present) -- Current Chemical Reactions (1993-present) (Includes Institut National de la Propriete Industrielle structure data back
to 1840) -- Index Chemicus (1993-present)
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PsyArXiv (search 25.01.21 = 61)

(physical-distance OR social-distance OR physically-distanced OR socially-distanced OR physical-distancing OR social-distancing OR physical-
proximity OR social-proximity OR social-contact OR physical-contact) AND (intervention OR trial OR experiment) AND (pandemic OR epidemic
OR Covid OR coronavirus OR SARS OR MERS OR HIN1 OR ebola OR influenza OR swine flu)

MedRXiv (search 11.02.21 = 105)

This does not allow complex searches so Physical distance and Social distance in title or abstract were used as separate searches (these also covered
physical distancing and social distancing)

Osf (search on preprints 11.02.21 = 145)

(physical-distance OR social-distance OR physically-distanced OR socially-distanced OR physical-distancing OR social-distancing OR physical-

proximity OR social-proximity OR social-contact OR physical-contact) AND (intervention OR trial OR experiment) AND (pandemic OR epidemic
OR Covid OR coronavirus OR SARS OR MERS OR HINI1 OR ebola OR influenza OR swine flu)
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Table S2: Study Characteristics

Authors / Context Sample description Intervention description Comparison Results

Study type/

Comparisons

Bos et al. Country: Germany N: 3616 Setting: online Setting: online Intentions (indoors or outdoors not

(2020) specified)

Data collection: 20-27 Population: General Delivery: Delivery:

RCT March 2020 population Consequentialist message — focus on No message control No effects on plans to physically distance
consequences; included photo of credible (defined as “situations in which the

Comparisons  Public health measures: Gender: not reported source BCTs: respondent comes closer than two meters

: Nationwide contact ban None to others”)

1.consequenti
alist message
VS no
message
control

2.
deontological
message vs
consequential
ist message
3.
deontological
message vs
no message
control

announced on 22 March that
prohibited meeting more than
one person at a time outside
of HH

Age: not reported

Does not mention
government physical
distancing recommendation

Phase of pandemic:
19,848 - 50,871 cases
68 — 351 deaths

“Dr Med Kellner, who is an infectiologist
is treating corona patients in Leipzig,
appeals to consider the consequences of
personal actions:

‘In times of the corona pandemic, the
actions of every person can have
considerable consequences for the health
of other people. Through their personal
actions they can break the chain of
infection and thus protect especially the
weakest in society from illness and death.
Think about the consequences of your
actions and the suffering of others, which
you can prevent by keeping a physical
distance from people, paying careful
attention to hygiene, and encouraging
your fellow humans to do the same.’”’

BCTs:

Potentially active

5.1 health consequences*
9.1 credible source

“Compared to the same week last year, by
what percentage will you reduce or
increase your physical, social contacts in
the coming week?”

d=.06

Support for Government regulations
Significant difference in support for
government regulations particularly in

under 60 year olds and women

d=.10

Setting: online

Delivery:
Deontological message — focus on moral
duty; included photo of credible source

“Dr Med Kellner, who is an infectiologist
is treating corona patients in Leipzig,
appeals to the moral duty to stop the
pandemic:

‘In times of the corona pandemic, every
person has a moral duty to stop the spread
of the virus. You fulfil your moral duty by
keeping a physical distance from people,

Setting: online

Delivery:

Consequentialist message — focus on
consequences; included photo of credible
source

“Dr Med Kellner, who is an infectiologist
is treating corona patients in Leipzig,
appeals to consider the consequences of
personal actions:

‘In times of the corona pandemic, the
actions of every person can have
considerable consequences for the health

Intentions (indoors or outdoors not
specified)

No effects on plans to physically distance
(defined as “situations in which the
respondent comes closer than two meters
to others™)

“Compared to the same week last year, by
what percentage will you reduce or
increase your physical, social contacts in
the coming week?”

d=.04
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Authors /
Study type/
Comparisons

Context

Sample description

Intervention description

Comparison

Results

Blanken et al.
(2020)

Country: Netherlands

N: 787

paying careful attention to hygiene, and
encouraging your fellow humans to do the
same. Consider to what extent your
personal actions are suited to break the
chains of infection and whether the
pandemic would be contained if everyone
acts like you.””

BCTs:

Potentially active

13.2 framing/reframing™*f
Also in comparison group
5.1 health consequences
9.1 credible source

Setting: online

Delivery:
Deontological message — focus on moral
duty; included photo of credible source

“Dr Med Kellner, who is an infectiologist
is treating corona patients in Leipzig,
appeals to the moral duty to stop the
pandemic:

‘In times of the corona pandemic, every
person has a moral duty to stop the spread
of the virus. You fulfil your moral duty by
keeping a physical distance from people,
paying careful attention to hygiene, and
encouraging your fellow humans to do the
same. Consider to what extent your
personal actions are suited to break the
chains of infection and whether the
pandemic would be contained if everyone
acts like you.””

BCTs:

Potentially active

13.2 framing/reframing™*
5.1 health consequences
9.1 credible source
Setting: Art fair

One way system:

of other people. Through their personal
actions they can break the chain of
infection and thus protect especially the
weakest in society from illness and death.
Think about the consequences of your
actions and the suffering of others, which
you can prevent by keeping a physical
distance from people, paying careful
attention to hygiene, and encouraging
your fellow humans to do the same.””

BCTs:

Potentially active
None

Also in intervention
5.1 health consequences
9.1 credible source

Setting: online

Delivery:
No message control

BCTs:
None

Setting: Art fair

Support for Government regulations

No difference in support for government
regulations

d=.03

Intentions (indoors or outdoors not
specified)

Significant difference in plans to
physically distance (defined as “situations
in which the respondent comes closer than
two meters to others”)

d=.10

This message is particularly effective for
those under 60 and males

“Compared to the same week last year, by
what percentage will you reduce or
increase your physical, social contacts in
the coming week?”

Support for Government regulations
Significant difference in support for
government regulations particularly in

under 60 year olds and women

d=.13
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Authors / Context Sample description Intervention description Comparison Results

Study type/

Comparisons

Non Data collection: Data Population: Graduates Delivery: Behavior (indoors)

randomized collected 28-30 August 2020  of Dutch art academies Delivery: Buzzer when within 1.5m of another

trial at an Art Fair between first and others Walking directions unidirectional with person (not from your HH) — immediate A count of distance violations recorded
and second wave of COVID- arrows on floor decals (one lane only) buzzing after contact was made (and electronically using a proximity device

Comparisons 19 (about 500 cases per day) Gender: not reported demonstration of how it worked)

: Buzzer when within 1.5m of another The addition of unidirectional arrows

1. Public health measures: Age: not reported person (not from your HH) — immediate BCTs: indicating a one-way system decreased the

unidirectional 9 March & 12 March buzzing after contact was made (and Also in intervention number of distancing violations

walking directives (e.g., avoiding demonstration of how it worked) 2.2 Feedback on behavior

directions + hand shaking, working from 7.1 prompts and cues d=.40

immediate home) BCTs: 12.5 Adding objects to the environment

buzzer vs 15 March 1.5m Potentially active

immediate recommended 12.1 restructure physical environment*

buzzer Also in comparison group

2. 23 March fines for not 2.2 Feedback on behavior

unidirectional  adhering to 1.5m rule 7.1 prompts and cues

walking 12.5 Adding objects to the environment

directions vs Phase of pandemic:

bidirectional 69,131 — 70,140 cases

walking 6,224 deaths Setting: Art fair Setting: Art fair

directions

3. One way system

bidirectional Delivery: Delivery: Behavior (indoors)

walking Walking directions unidirectional with Walking directions bidirectional

directions + arrows on floor decals (one lane only) (clockwise and anti-clockwise) with A count of distance violations recorded

delayed arrows on floor decals electronically using a proximity device

buzzer vs BCTs:

bidirectional Potentially active BCTs: There were no differences between the one

walking None Also in intervention group way and two-way systems when both were

directions Also in comparison group 2.1 monitoring of behavior by others restructured

4. 2.1 monitoring of behavior by others without feedback

unidirectional without feedback 7.1 prompts and cues d=-.13

walking 7.1 prompts and cues 12.1 restructure physical environment*

directions + 12.1 restructure physical environment*

immediate

buzzer vs Setting: Art fair Setting: Art fair

unidirectional

Walkipg Buzzer:

directions Delivery: Delivery: Behavior (indoors)

Buzzer when within 1.5m of another
person (not from your HH) — buzzing 2
seconds after contact was made

Walking directions bidirectional
(clockwise and anti-clockwise) with

arrows on floor decals

BCTs:

Walking directions bidirectional
(clockwise and anti-clockwise) with
arrows on floor decals

BCTs:

Potentially active

2.1 monitoring of behavior by others
without feedback

Also in intervention

A count of distance violations recorded
electronically using a proximity device

A delayed buzzer had no effect or had a
negative effect.

=-22
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Authors / Context Sample description Intervention description Comparison Results
Study type/
Comparisons
Potentially active 7.1 prompts and cues
2.2 Feedback on behavior* 12.1 restructure physical environment
Also in comparison group
7.1 prompts and cues
12.1 restructure physical environment
12.5 Adding objects to the environment
Setting: Art fair Setting: Art fair
Buzzer:
Delivery: Delivery: Behavior (indoors)
Buzzer when within 1.5m of another Walking directions unidirectional with
person (not from your HH) — immediate arrows on floor decals (one lane only) A count of distance violations recorded
buzzing after contact was made (and electronically using a proximity device
demonstration of how it worked)
Potentially active Buzzers were effective in reducing
Walking directions unidirectional with 2.1 monitoring of behavior by others distancing violations when the feedback
arrows on floor decals (one lane only) without feedback from them was immediate and when
Also in intervention visitors received a demonstration of the
BCTs: 7.1 prompts and cues buzzer.
Potentially active 12.1 restructure physical environment
2.2 Feedback on behavior* d=.42
Also in comparison group
7.1 prompts and cues
12.1 restructure physical environment
12.5 Adding objects to the environment
Chutiphimon Country: Thailand N: 400 Setting: university canteen Setting: university canteen Behavior (indoors)
et al. (2020)
Data collection: Data Population: university Delivery: Delivery: CCTV recordings used to note success and
Non collected 7, 8 or 9 August staff, students and others  Floor decal sticker — red arrow between Floor decal sticker —footprint stickers at failure to distance at each of 5 markings
randomized 2020 (control collected 6 footprint stickers at 2m distance 2m distance (1-2 were side by side at the counter; 3-5
controlled August 2020) Gender: 58.5% female were queued adjacent)
trial BCTs: BCTs:
Age: 83% 19-64 Potentially active Also in intervention No difference in distancing at any marking
Comparisons  Public health measures: None 7.1 prompts/cues*® between intervention and control
: Since March 2020 there were Also in comparison group 8.3 habit formation
1. red arrow government mandated 7.1 prompts/cues*® Fewer failings in both groups at markings

floor decal vs
footprint floor
decal

2.

coronavirus
floor decal vs
footprint floor
decal

3. text floor
decal vs
footprint floor
decal

measures including stay-at-
home orders and the closure
of schools, restaurants, and
other public places, in
addition to restricting the
number of people allowed to
socially gather

Does not mention
government physical
distancing recommendation

8.3 habit formation

further away from counter

Marking point 1: d = -.41
Marking point 2: d = .11
Marking point 3: d = .04
Marking point 4: d = -.08
Marking point 5: d = .85

Mean =.10

Setting: university canteen

Delivery:

Setting: university canteen

Delivery:

Behavior (indoors)

58



Authors /
Study type/
Comparisons

Context

Sample description

Intervention description

Comparison

Results

Heoben et al.
(2021)

Natural
experiment

Comparisons

Phase of pandemic:
3,345 — 3351 cases
58 deaths

Country: Netherlands

Data collection:
pre outbreak data
Jan 2020 — Feb 2020

pre instruction data
29 Feb, 5, 7, 12 March

N: unknown

Population: General
population

Gender: not reported

Age: not reported

Floor decal sticker — an aggressive
coronavirus with glowing eyes and “stop
Covid-19” with cut out circle for feet

BCTs:

Potentially active

5.2 Salience of consequences*
Also in comparison group

7.1 prompts/cues*

8.3 habit formation

Floor decal sticker —footprint stickers at
2m distance

BCTs:

Also in intervention
7.1 prompts/cues

8.3 habit formation

CCTV recordings used to note success and
failure to distance at each of 5 markings
(1-2 were side by side at the counter; 3-5
were queued adjacent)

No difference in distancing at any marking
between intervention and control

Fewer failings in both groups at markings
further away from counter

Marking point 1: d = .29
Marking point 2: d = -.08
Marking point 3: d=-.01
Marking point 4: d = .52
Marking point 5: d = .40

Mean = .22

Setting: university canteen

Delivery:

Floor decal sticker — text “Please maintain
a distance from other customers”,
“Physical distancing and Win COVID-
19”7, “Please maintain a distance from
other customers” and “Please queue here”

BCTs:

Potentially active

None

Also in comparison group
7.1 prompts/cues*®

8.3 habit formation

Setting: university canteen

Delivery:
Floor decal sticker —footprint stickers at
2m distance

BCTs:

Also in intervention
7.1 prompts/cues

8.3 habit formation

Behavior (indoors)

CCTYV recordings used to note success and
failure to distance at each of 5 markings
(1-2 were side by side at the counter; 3-5
were queued adjacent)

Difference in marking point 1 (at the
counter) between intervention and control
but no differences at any other marking

Fewer failings in both groups at markings
further away from counter

Marking point 1: d = .52

Marking point 2: d = -.21
Marking point 3: d = -.25
Marking point 4: d = -.48
Marking point 5: d =-.11

Mean =-11

Setting: public spaces

Delivery:
Government recommendation to keep
1.5m apart

BCTs:
Potentially active

Setting: public spaces

Delivery:
Pre-outbreak measures

BCTs:
None

Behavior (outdoors)

CCTYV recordings used to note failure of
1.5m distancing or when in groups of >3
people (not from your HH). Cell phone
data was also collected to measure change
in time spent at non-residential places
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Authors / Context Sample description Intervention description Comparison Results

Study type/

Comparisons

1. 9.1 credible source*t

government post instruction data Decline in failures to distance from 12
recommendat 19, 21 March March (no explicit distancing rule) and
ions vs pre continues to decline after 1.5m
outbreak post fine data recommendation (after 15 March) with
2. 26, 28 March, 2, 4, 9, lowest number of 19 March (before
government 11,16,18, 23,25, 30 April, 2 explicit rules and announcement of fine).
recommendat ~ May

ions + fines
Vs
government
recommendat
ions pre fines

Public health measures:

9 March & 12 March
directives (e.g., avoiding
hand shaking, working from
home)

15 March 1.5m
recommended

23 March lockdown, explicit
rules re 1.5m, restriction to
meeting <3 people not from
HH and fines for not
adhering to 1.5m rule and/or
group size

Phase of pandemic:

Pre-outbreak
0 cases
0 deaths

Pre-Instructions
7 - 614 cases
0 — 5 deaths

Post instructions
2,460 — 3,631 cases
76 — 136 deaths

Post fine
7,431 — 40,236 cases
546 — 4,987 deaths

12 — 19 March there is a decline in number
of people on street from CCTV data
(compared to Jan - Feb 2020). Number of
people on street positively correlated with
number of violations.

Up to 12 March number of people in non-
residential places was same as pre-
COVID. 12 — 19 March there is sharp
decline in time spent at non-residential
locations

Not possible to calculate d as did not count
non violations

Setting: public spaces

Delivery:

Government recommendation to keep
1.5m apart

Fines for not complying with 1.5m
distancing

BCTs:

Potentially active

10.11 future punishment*¥
In comparison group

9.1 Credible source

Setting: public spaces

Delivery:

Government recommendation to keep
1.5m apart

Pre-fines

BCTs:
In intervention
9.1 credible source

Behavior (outdoors)

CCTV recordings used to note failure of
1.5m distancing or when in groups of >3
people (not from your HH). Cell phone
data was also collected to measure change
in time spent at non-residential places

After explicit rule and fines for physical
distancing there is a steady increase in
violations (especially on weekends) from
early April to early May. Increase in
violations related to increase in number of
new cases.

Number of people on street positively
correlated with number of violations. Time
spent at non-residential locations relatively
low until 4 April when started to increase.
Correlation between time spent at non-
residential locations and distancing
violations remains even after people on
street controlled for.
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Authors / Context Sample description Intervention description Comparison Results
Study type/
Comparisons
Not possible to calculate d as did not count
non violations
Khoa et al - Country: USA Study 2 Setting: online Setting: online Intentions (indoors)
study 2 N: 104
(2021) Data collection: Data Delivery: Gain framed (“promotion”) Delivery: 4 item scale (likelihood of avoiding
collected during Covid and Population: General message Image of two figures standing apart with crowded areas in supermarket; keeping
RCT before submission date of 11 population “please maintain physical distance” myself physically distant from others
Aug 2020 Image of two figures standing apart and while shopping; maintaining a safe
Gender: 71.2% female text “maintaining physical distance BCTs: distance from people in supermarket; keep
Comparisons  Public health measures: protects yourself from being infected with In intervention myself apart from engaging in touching of
: Age: 42.18 the coronavirus and secures your personal 6.1 demonstration of behavior others whilst shopping)
1. gain Does not mention life” 7.1 Prompts/cues
framed government physical Not reported but assume no significant
message vs distancing recommendation BCTs: differences between control and gain
minimal Potentially active framed (“promotion”)
message Phase of pandemic: 5.1 info about health consequences*
2. loss framed  unknown Cannot calculate d
message vs In comparison
minimal 6.1 demonstration of behavior
message 7.1 Prompts/cues
3. loss framed
message vs
gain framed Setting: online Setting: online Intentions (indoors)
message

Delivery: Loss framed (“prevention”
message

Image of two figures standing apart (with
arrow) and text “failing to maintain
physical distance risks yourself of being
infected with the coronavirus and
endangers your personal life”

BCTs:

Potentially active

5.1 info about health consequences*
In comparison group

6.1 demonstration of behavior

7.1 Prompts/cues

Delivery:

Image of two figures standing apart (with
arrow) with “please maintain physical
distance”

BCTs:

In intervention

6.1 demonstration of behavior
7.1 Prompts/cues

4 item scale (likelihood of avoiding
crowded areas in supermarket; keeping
myself physically distant from others
while shopping; maintaining a safe
distance from people in supermarket; keep
myself apart from engaging in touching of
others whilst shopping).

Greater intentions to distance between loss
framed (“prevention”) and control

Cannot calculate d

Setting: online

Delivery: Loss framed (“prevention™)
message

Delivery: Gain framed (“promotion”)
message

Image of two figures standing apart (with
arrow) and text “maintaining physical
distance protects yourself from being

Intentions (indoors)

4 item scale (likelihood of avoiding
crowded areas in supermarket; keeping
myself physically distant from others
while shopping; maintaining a safe
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Authors / Context Sample description Intervention description Comparison Results
Study type/
Comparisons
Image of two figures standing apart (with infected with the coronavirus and secures distance from people in supermarket; keep
arrow) and text “failing to maintain your personal life” myself apart from engaging in touching of
physical distance risks yourself of being others whilst shopping).
infected with the coronavirus and
endangers your personal life” BCTs: Greater intentions to distance between loss
In intervention framed (“prevention”) and gain framed
5.1 info about health consequences (“promotion”). Chronic prevention focus
BCTs: 6.1 demonstration of behavior (i.e., a tendency to avoid losses) does not
Potentially active 7.1 Prompts/cues moderate this effect.
None
In comparison group Cannot calculate d
5.1 info about health consequences*
6.1 demonstration of behavior Fear
7.1 Prompts/cues
Loss framed (“prevention”) reported
higher fear than gain framed
(“promotion”). Fear was shown as a
mediator of the effect of the physical
distancing intervention (comparing loss
and gain framed) on intentions
Cannot calculate d
Self-efficacy
There was no difference loss framed
(“prevention”) and gain framed
(“promotion”) on self-efficacy and this
was not a mediator
d=.27
Khoa et al - Country: USA Study 3 Setting: online Setting: online Intentions (indoors)
study 3 N: 124
(2021) Data collection: Data Delivery: Loss framed (“prevention”) Delivery: Gain framed (“promotion”) 4 item scale (likelihood of avoiding
collected during Covid and Population: General message message crowded areas in supermarket; keeping
RCT before submission date of 11 population myself physically distant from others
Aug 2020 Image of two figures standing apart (with Image of two figures standing apart (with while shopping; maintaining a safe
Comparisons Gender: 43.5% female arrow) and text “failing to maintain arrow) and text “maintaining physical distance from people in supermarket; keep
: Public health measures: physical distance risks yourself of being distance protects yourself from being myself apart from engaging in touching of
1. Loss Age: 41.77 infected with the coronavirus and infected with the coronavirus and secures others whilst shopping).
framed Does not mention endangers your personal life” your personal life”
message vs government physical Higher in loss framed (“prevention”) than
gain framed distancing recommendation Also, anthropomorphic condition with a Also, anthropomorphic condition with a gain framed (“promotion”) conditions
message scary cartoon coronavirus between the scary cartoon coronavirus between the

Phase of pandemic:
unknown

figures

BCTs:

figures

BCTs:

Can’t calculate d
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Authors / Context Sample description Intervention description Comparison Results
Study type/
Comparisons
Potentially active Potentially active Higher in anthropomorphic than non-
None None anthropomorphic conditions
In comparison group In comparison group
5.1 info about health consequences* 5.1 info about health consequences* Can’t calculate d
5.2 salience of health consequences*T (in 5.2 salience of health consequences*7 (in
anthro vs non antrho) anthro vs non antrho)
6.1 demonstration of behavior 6.1 demonstration of behavior Interaction between above showed that
7.1 Prompts/cues 7.1 Prompts/cues when:
anthropomorphic image is absent loss
framed (“prevention”) have greater
intentions than gain framed (“promotion”)
d=.59
anthropomorphic image increased
intentions in loss framed (“prevention”)
compared to anthropomorphic gain framed
(“promotion”)
d=1.76
anthropomorphic image in loss framed
(“prevention”) condition increased
intentions compared to non-
anthropomorphic loss framed
(“prevention”) condition
d=.10
Lunn et al. Country: Ireland N: 500 Setting: online Setting: online Evaluation — perceived effectiveness &
(2020) Delivery: Poster perceived memorability (not specified
Population: General Delivery: Poster Featureless figurative cartoons in 4 panels  but posters showed outdoors)
RCT Data collection: Data population Individual person poster — 4 panels, each depicting distancing in 4 social situations
collected final week of with an image of people not maintaining (i.e., walking in the street, sitting at a Control poster was significantly seen as
Comparisons March 2020 Gender: 49% female social distance, with text-bubbles that table, when shopping, on a football field) more effective and memorable than
: foretold stories of chains of infection.

1.individual
person poster
vs control
poster

2.
transmission
rate poster vs
control poster
3.transmissio
n rate poster
vs individual
person poster

Public health measures:
Recommendations to
maintain 2m distance and
limit social interaction but
before rules to limit mixing
of different HHs

Phase of pandemic:
1564 — 3235 cases
9 — 71 deaths

Age:

33% <40
31% 40-59
36% > 60

Showed individuals who don’t realize they
have the virus, spreading it to an
identifiable vulnerable

person. Including counterfactuals “if they
had sat further away she’d have been ok”
and open-ended implications “he has
asthma”

BCTs:

Potentially active

5.1 information about health*
consequences

BCTs:

Potentially active

6.1 demonstration of behavior*

4.1 instructions on how to perform the
behavior

In intervention

7.1 Prompts/cues

9.1 Credible source

intervention poster (calculated by number
of people who selected maximum score as
data highly skewed)

d = -.32 effectiveness
d = -.37 memorability
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Authors /
Study type/
Comparisons

Context

Sample description

Intervention description

Comparison

Results

9.3 comparative imagining of future
outcomes*

In comparison group

7.1 Prompts/cues

9.1 Credible source

Setting: online

Delivery: Poster

Transmission rate poster - 4 panels, each
with an image of people not maintaining
social distance, with text-bubbles that
foretold stories of chains of infection.
Showed individuals unwittingly spreading
the virus to multiple others. Including
counterfactuals “Had they sat further apart
those people would have been ok and
open-ended implications “will now give
COVID-19 to her colleagues, they’ll give
it to their families”

BCTs:

Potentially active

5.1 information about health
consequences™®

9.3 comparative imagining of future
outcomes*

In comparison group

7.1 Prompts/cues

9.1 Credible source

Setting: online

Delivery: Poster

Featureless figurative cartoons in 4 panels
depicting distancing in 4 social situations
(i.e., walking in the street, sitting at a
table, when shopping, on a football field)

BCTs:

BCTs:

Potentially active

6.1 demonstration of behavior*
In intervention

7.1 Prompts/cues

9.1 Credible source

Evaluation — perceived effectiveness &
perceived memorability (not specified
but posters showed outdoors)

No significant differences between the
control poster and the transmission rate
poster (calculated by number of people
who selected maximum score as data
highly skewed)

= -.15 effectiveness
d = -23 memorability

Setting: online

Delivery: Poster

Transmission rate poster - 4 panels, each
with an image of people not maintaining
social distance, with text-bubbles that
foretold stories of chains of infection.
Showed individuals unwittingly spreading
the virus to multiple others. Including
counterfactuals “Had they sat further apart
those people would have been ok and
open-ended implications “will now give
COVID-19 to her colleagues, they’ll give
it to their families”

Setting: online

Delivery: Poster

Individual person poster — 4 panels, each
with an image of people not maintaining
social distance, with text-bubbles that
foretold stories of chains of infection.
Showed individuals who don’t realize they
have the virus, spreading it to an
identifiable vulnerable

person. Including counterfactuals “if they
had sat further away she’d have been ok
and open-ended implications “he has
asthma”

Evaluation — perceived effectiveness &
perceived memorability (not specified
but posters showed outdoors)

No differences between the transmission
rate poster and the individual person
poster (calculated by number of people
who selected maximum score as data
highly skewed)

d = .17 effectiveness
d = .14 memorability
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Authors / Context Sample description Intervention description Comparison
Study type/

Results

Comparisons
BCTs: BCTs:
Potentially active Potentially active
9.3 comparative imagining of future 9.3 comparative imagining of future
outcomes outcomes
In comparison group In comparison group
7.1 Prompts/cues 7.1 Prompts/cues
9.1 Credible source 9.1 Credible source

Notes: BCT = behavior change technique (taken from Michie et al., 2013); * = proposed primary BCT; funique test of BCT

Table S3 Dates of data collection

s o 5§ B B g 2 w
E 2 =2 < = 2 2 <
Bos et al. 2020 ]
Blanken et al. 2020
Chutiphimon et al. 2020 -

Hoeben et al. 2021
Lunn et al. 2020

Khoa et al. 2021

Table S4 — Potential Mechanisms of Action and the corresponding BCTs

Potential mechanisms of Action Related BCTs Related Interventions
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Intentions 5.1 Information about Health Consequences

5.2 Salience of Consequences

6.1 demonstration of behavior

13.2 framing / reframing

Gain framed “promotion” poster (Khoa et al, 2021)
Ineffective no difference between Gain framed “promotion” and control poster on intentions
Other BCTs: 6.1; 7.1

Loss framed “prevention” poster* (Khoa et al, 2021)

Effective — increased intention when compared to Gain framed “promotion” focused poster (2 studies)
and control (1 study)

Other BCTs: 6.1; 7.1

Poster with consequences to individual people or about transmission rate (Lunn et al., 2020)
Inconclusive ind person and transmission rate not effective in increasing effectiveness and memorability
(and did not measure intentions or behavior)

Other BCTs: 7.1;9.1;9.3

Floor decal markers with scary coronavirus

(Chutiphimon et al., 2020)

Inconclusive — floor decal 2m markers with scary coronavirus don’t increase behavior when compared to
other 2m floor decal markers

Other BCTs: 7.1; 8.3

Loss framed “prevention” poster with scary coronavirus* (Khoa et al, 2021)

Effective — Loss framed “prevention” focused posters were effective in increasing intention when
compared the same posters w/o the scary coronavirus and Gain framed “promotion” posters
Other BCTs: 5.1; 6.1; 7.1

Gain framed “promotion” poster (Khoa et al, 2021)
Ineffective no difference between Gain framed “promotion” and control poster on intentions
Other BCTs: 5.1; 7.1

Loss framed “prevention” poster* (Khoa et al, 2021)

Effective — increased intention when compared to Gain framed “promotion” focused poster (2 studies)
and control (1 study)

Other BCTs: 5.1; 7.1

Poster demonstrating behavior (Lunn et al., 2020)

Inconclusive

Poster demonstrating behavior was significantly seen as more effective and memorable than other
posters but did not measure intentions/behavior

Other BCTs: 4.1; 7.1; 9.1

Moral duty message
(Bos et al, 2020)
message focusing on moral duty influenced intentions compared to message only control,
but no difference compared to health consequences message.
Other BCTs: 5.1; 9.1

Behavioral Cueing 7.1 prompts / cues

Note — no studies compared a condition with prompts and cues and one without any prompts and cues
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Beliefs about consequences

8.3 Habit formation

12.1 restructuring physical environment

12.5 Adding objects to environment

Note: no studies compared conditions with habit formation strategies and one without habit formation
strategies

Directional walking system

(Blanken et al, 2020)

Effective one-way walking system increased behavior but no difference with bi-directional system
Other BCTs: 2.2; 7.1

Proximity Buzzer

(Blanken et al, 2020)

Effective — buzzer increased behavior when feedback is immediate (2 sec delay ineffective) when
coupled with physical restructuring

Other BCTs: 2.2;7.1; 12.1

5.1 Information about Health Consequences

5.2 Salience of Consequences

9.3 comparative imagining of future outcomes

Gain framed “promotion” poster (Khoa et al, 2021)
Ineffective no difference between Gain framed “promotion” and control poster on intentions
Other BCTs: 6.1; 7.1

Loss framed “prevention” poster (Khoa et al, 2021)

Effective — increased intention when compared to Gain framed “promotion” focused poster (2 studies)
and control (1 study)

Other BCTs: 6.1; 7.1

Poster with consequences to individual people or about transmission rate (Lunn et al., 2020)
Inconclusive ind person and transmission rate not effective in increasing effectiveness and memorability
(and did not measure intentions or behavior)

Other BCTs: 7.1;9.1;9.3

Floor decal markers with scary coronavirus

(Chutiphimon et al., 2020)

Inconclusive — floor decal 2m markers with scary coronavirus don’t increase behavior when compared to
other 2m floor decal markers

Other BCTs: 7.1; 8.3

Loss framed “prevention” poster with scary coronavirus (Khoa et al, 2021)

Effective — Loss framed “prevention” focused posters were effective in increasing intention when
compared the same posters w/o the scary coronavirusand Gain framed “promotion” posters
Other BCTs: 5.1;6.1; 7.1

Poster with consequences to individual people or about transmission rate (Lunn et al., 2020)
Inconclusive ind person and transmission rate not effective in increasing effectiveness and memorability
(and did not measure intentions or behavior)

Other BCTs:5.1;7.1; 9.1
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Attitudes towards the behavior

Environmental context and resources

5.1 Information about Health Consequences

9.1 credible source

13.2 framing / reframing

Gain framed “promotion” poster (Khoa et al, 2021)
Ineffective no difference between Gain framed “promotion” and control poster on intentions
Other BCTs: 6.1; 7.1

Loss framed “prevention” poster (Khoa et al, 2021)

Effective — increased intention when compared to Gain framed “promotion” focused poster (2 studies)
and control (1 study)

Other BCTs: 6.1; 7.1

Poster with consequences to individual people or about transmission rate (Lunn et al., 2020)
Inconclusive ind person and transmission rate not effective in increasing effectiveness and memorability
(and did not measure intentions or behavior)

Other BCTs: 7.1;9.1;9.3

Health consequences / moral duty message (Bos et al., 2020)

Inconclusive as no difference between a control and a health consequences message from a credible
source but difference with a moral duty message from a credible source

Other BCTs: 5.1; 13.2

Government Guidelines

(Hoeben et al., 2021)

Inconclusive — behavior occurred before explicit government recommendations. May require other
measures in place (e.g., stay at home orders) to facilitate change

Other BCTs: N/A

Moral duty message
(Bos et al, 2020)
message focusing on moral duty influenced intentions compared to message only control,
but no difference compared to health consequences message.
Other BCTs: 5.1; 9.1

7.1 prompts / cues

12.1 restructuring physical environment

12.5 Adding objects to environment

Note — no studies compared a condition with prompts and cues and one without any prompts and cues

Directional walking system

(Blanken et al, 2020)

Effective one-way walking system increased behavior but no difference with bi-directional system
Other BCTs: 2.2; 7.1

Proximity Buzzer

(Blanken et al, 2020)

Effective — buzzer increased behavior when feedback is immediate (2 sec delay ineffective) when
coupled with physical restructuring

Other BCTs: 2.2;7.1; 12.1
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Knowledge

Beliefs about capabilities

4.1 Instruction on how to perform the behavior

5.1 Information about Health Consequences

Poster demonstrating behavior (Lunn et al., 2020)

Inconclusive

Poster demonstrating behavior was significantly seen as more effective and memorable than other
posters but did not measure intentions/behavior

Other BCTs: 6.1; 7.1; 9.1

Health consequences message

(Bos et al., 2020)

Ineffective no difference in intentions between this and a measurement only control or moral duty
message

Other BCTs: 9.1

Moral duty message (Bos et al., 2020)
message focusing on moral duty influenced intentions compared to message only control
but no difference compared to health consequences message.
Other BCTs: 9.1; 13.2
Gain framed “promotion” poster (Khoa et al, 2021)
Ineffective no difference between Gain framed “promotion” and control poster on intentions
Other BCTs: 6.1; 7.1

Loss framed “prevention” poster (Khoa et al, 2021)

Effective — increased intention when compared to Gain framed “promotion” focused poster (2 studies)
and control (1 study)

Other BCTs: 6.1; 7.1

Poster with consequences to individual people or about transmission rate (Lunn et al., 2020)
Inconclusive ind person and transmission rate not effective in increasing effectiveness and memorability
(and did not measure intentions or behavior)

Other BCTs: 7.1;9.1;9.3

4.1 Instruction on how to perform the behavior

Poster demonstrating behavior (Lunn et al., 2020)

Inconclusive

Poster demonstrating behavior was significantly seen as more effective and memorable than other
posters but did not measure intentions/behavior

Other BCTs: 6.1;7.1; 9.1

Health consequences message

(Bos et al., 2020)

Ineffective no difference in intentions between this and a measurement only control or moral duty
message

Other BCTs: 9.1

Moral duty message (Bos et al., 2020)

message focusing on moral duty influenced intentions compared to message only control
but no difference compared to health consequences message.
Other BCTs: 9.1; 13.2
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Perceived susceptibility/ vulnerability

6.1 demonstration of behavior

Gain framed “promotion” poster (Khoa et al, 2021)
Ineffective no difference between Gain framed “promotion” and control poster on intentions
Other BCTs: 5.1; 7.1

Loss framed “prevention” poster (Khoa et al, 2021)

Effective — increased intention when compared to Gain framed “promotion” focused poster (2 studies)
and control (1 study)

Other BCTs: 5.1; 7.1

Poster demonstrating behavior (Lunn et al., 2020)

Inconclusive

Poster demonstrating behavior was significantly seen as more effective and memorable than other
posters but did not measure intentions/behavior

Other BCTs: 4.1; 7.1; 9.1

5.1 Information about Health Consequences

5.2 Salience of Consequences

Gain framed “promotion” poster (Khoa et al, 2021)
Ineffective no difference between Gain framed “promotion” and control poster on intentions
Other BCTs: 6.1; 7.1

Loss framed “prevention” poster (Khoa et al, 2021)

Effective — increased intention when compared to Gain framed “promotion” focused poster (2 studies)
and control (1 study)

Other BCTs: 6.1; 7.1

Poster with consequences to individual people or about transmission rate (Lunn et al., 2020)
Inconclusive ind person and transmission rate not effective in increasing effectiveness and memorability
(and did not measure intentions or behavior)

Other BCTs: 7.1;9.1;9.3

Floor decal markers with scary coronavirus

(Chutiphimon et al., 2020)

Inconclusive — floor decal 2m markers with scary coronavirus don’t increase behavior when compared to
other 2m floor decal markers

Other BCTs: 7.1; 8.3

Loss framed “prevention” poster with scary coronavirus (Khoa et al, 2021)

Effective — Loss framed “prevention” focused posters were effective in increasing intention when
compared the same posters w/o the scary coronavirusand Gain framed “promotion” posters
Other BCTs: 5.1 6.1; 7.1
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Skills

Social learning / imitation

Memory, attention and decision making
processes

Feedback processes

4.1 Instruction on how to perform the behavior

Poster demonstrating behavior (Lunn et al., 2020)

Inconclusive

Poster demonstrating behavior was significantly seen as more effective and memorable than other
posters but did not measure intentions/behavior

Other BCTs: 6.1; 7.1; 9.1

Health consequences message

(Bos et al., 2020)

Ineffective no difference in intentions between this and a measurement only control or moral duty
message

Other BCTs: 9.1

Moral duty message (Bos et al., 2020)

message focusing on moral duty influenced intentions compared to message only control
but no difference compared to health consequences message.
Other BCTs: 9.1; 13.2

6.1 demonstration of behavior

Gain framed “promotion” poster (Khoa et al, 2021)
Ineffective no difference between Gain framed “promotion” and control poster on intentions
Other BCTs: 5.1; 7.1

Loss framed “prevention” poster (Khoa et al, 2021)

Effective — increased intention when compared to Gain framed “promotion” focused poster (2 studies)
and control (1 study)

Other BCTs: 5.1; 7.1

Poster demonstrating behavior (Lunn et al., 2020)

Inconclusive

Poster demonstrating behavior was significantly seen as more effective and memorable than other
posters but did not measure intentions/behavior

Other BCTs: 4.1;7.1; 9.1

7.1 prompts / cues

2.2 Feedback on behavior

Note — no studies compared a condition with prompts and cues and one without any prompts and cues

Proximity Buzzer

(Blanken et al, 2020)

Effective — buzzer increased behavior when feedback is immediate (2 sec delay ineffective) when
coupled with physical restructuring

Other BCTs: 7.1; 12.1; 12.5
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General attitudes and beliefs 9.1 credible source

Health consequences / moral duty message (Bos et al., 2020)

Inconclusive as no difference between a control and a health consequences message from a credible
source but difference with a moral duty message from a credible source

Other BCTs: 5.1; 13.2

Government Guidelines

(Hoeben et al., 2021)

Inconclusive — behavior occurred before explicit government recommendations. May require other
measures in place (e.g., stay at home orders) to facilitate change

Other BCTs: N/A

Motivation 2.2 Feedback on behavior

Proximity Buzzer

(Blanken et al, 2020)

Effective — buzzer increased behavior when feedback is immediate (2 sec delay ineffective) when
coupled with physical restructuring

Other BCTs: 7.1; 12.1; 12.5

None identified 2.1 Monitoring of behavior by others without feedback

10.11 future
punishment

Distance monitoring without a buzzer

(Blanken et al, 2020)

Ineffective — the no buzzer control condition (where behavior was monitored with a proximity device
without feedback) coupled with unidirectional walking directions only was less effective than the
unidirectional walking directions with a buzzer

Other BCTs: 7.1; 12.1

Government Fines

(Hoeben et al., 2021)

Ineffective — no evidence that fines influenced behavior
Other BCTs: 9.1

* actual intention measured and change occurred

Table S5 — theoretical domains and related BCTs
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Theoretical domain

BCTs

Related interventions

Environmental context and resources

Knowledge

7.1 prompts / cues

12.1 restructuring physical environment

12.5 Adding objects to environment

Note — no studies compared a condition with prompts and cues and one without any prompts and cues

Directional walking system

(Blanken et al, 2020)

Effective one-way walking system increased behavior but no difference with bi-directional system
Other BCTs: 2.2; 7.1

Proximity Buzzer

(Blanken et al, 2020)

Effective — buzzer increased behavior when feedback is immediate (2 sec delay ineffective) when
coupled with physical restructuring

Other BCTs: 2.2; 7.1; 12.1

2.2 Feedback on behavior

5.1 Information about Health Consequences

Proximity Buzzer

(Blanken et al, 2020)

Effective — buzzer increased behavior when feedback is immediate (2 sec delay ineffective) when
coupled with physical restructuring

Other BCTs: 7.1; 12.1; 12.5

Gain framed “promotion” poster (Khoa et al, 2021)
Ineffective no difference between Gain framed “promotion” and control poster on intentions
Other BCTs: 6.1; 7.1

Loss framed “prevention” poster (Khoa et al, 2021)

Effective — increased intention when compared to Gain framed “promotion” focused poster (2 studies)
and control (1 study)

Other BCTs: 6.1; 7.1

Poster with consequences to individual people or about transmission rate (Lunn et al., 2020)
Inconclusive ind person and transmission rate not effective in increasing effectiveness and memorability
(and did not measure intentions or behavior)

Other BCTs: 7.1;9.1;9.3
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Beliefs about consequences

Social influence

Physical skills

None identified

5.2 Salience of Consequences

9.3 comparative imagining of future outcomes

Floor decal markers with scary coronavirus

(Chutiphimon et al., 2020)

Inconclusive — floor decal 2m markers with scary coronavirus don’t increase behavior when compared to
other 2m floor decal markers

Other BCTs: 7.1; 8.3

Loss framed “prevention” poster with scary coronavirus (Khoa et al, 2021)

Effective — Loss framed “prevention” focused posters were effective in increasing intention when
compared the same posters w/o the scary coronavirusand Gain framed “promotion” posters
Other BCTs: 5.1; 6.1; 7.1

Poster with consequences to individual people or about transmission rate (Lunn et al., 2020)
Inconclusive ind person and transmission rate not effective in increasing effectiveness and memorability
(and did not measure intentions or behavior)

Other BCTs:5.1; 7.1; 9.1

6.1 demonstration of behavior

Gain framed “promotion” poster (Khoa et al, 2021)
Ineffective no difference between Gain framed “promotion” and control poster on intentions
Other BCTs: 5.1; 7.1

Loss framed “prevention” poster (Khoa et al, 2021)

Effective — increased intention when compared to Gain framed “promotion” focused poster (2 studies)
and control (1 study)

Other BCTs: 5.1; 7.1

Poster demonstrating behavior (Lunn et al., 2020)

Inconclusive

Poster demonstrating behavior was significantly seen as more effective and memorable than other posters
but did not measure intentions/behavior

Other BCTs: 4.1; 7.1; 9.1

8.3 Habit formation

Note: no studies compared conditions with habit formation strategies and one without habit formation
strategies

2.1 Monitoring of behavior by others without feedback

Distance monitoring without a buzzer

(Blanken et al, 2020)

Ineffective — the no buzzer control condition (where behavior was monitored with a proximity device
without feedback) coupled with unidirectional walking directions only was less effective than the
unidirectional walking directions with a buzzer

Other BCTs: 7.1; 12.1
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4.1 Instruction on how to perform the behavior

9.1 credible source

10.11 future
punishment

13.2 framing / reframing

Poster demonstrating behavior (Lunn et al., 2020)
Inconclusive

Poster demonstrating behavior was significantly seen as more effective and memorable than other posters

but did not measure intentions/behavior
Other BCTs: 6.1; 7.1; 9.1

Health consequences message

(Bos et al., 2020)

Ineffective no difference in intentions between this and a measurement only control or moral duty
message

Other BCTs: 9.1

Moral duty message (Bos et al., 2020)
message focusing on moral duty influenced intentions compared to message only control
but no difference compared to health consequences message.
Other BCTs: 9.1; 13.2
Health consequences / moral duty message (Bos et al., 2020)
Inconclusive as no difference between a control and a health consequences message from a credible
source but difference with a moral duty message from a credible source
Other BCTs: 5.1; 13.2

Government Guidelines

(Hoeben et al., 2021)

Inconclusive — behavior occurred before explicit government recommendations. May require other
measures in place (e.g., stay at home orders) to facilitate change

Other BCTs: N/A

Government Fines

(Hoeben et al., 2021)

Ineffective — no evidence that fines influenced behavior
Other BCTs: 9.1

Moral duty message
(Bos et al, 2020)
message focusing on moral duty influenced intentions compared to message only control,
but no difference compared to health consequences message.
Other BCTs: 5.1; 9.1
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Table S6 — Intervention functions and related BCTs

Intervention function Related BCTs

Related Interventions

Persuasion 2.2 Feedback on behavior*

5.1 Information about Health Consequences*

5.2 Salience of Consequences**

9.1 credible source*

Proximity Buzzer

(Blanken et al, 2020)

Effective — buzzer increased behavior when feedback is immediate (2 sec delay ineffective) when
coupled with physical restructuring

Other BCTs: 7.1; 12.1; 12.5

Gain framed “promotion” poster (Khoa et al, 2021)
Ineffective no difference between Gain framed “promotion” and control poster on intentions
Other BCTs: 6.1; 7.1

Loss framed “prevention” poster (Khoa et al, 2021)

Effective — increased intention when compared to Gain framed “promotion” focused poster (2 studies)
and control (1 study)

Other BCTs: 6.1; 7.1

Poster with consequences to individual people or about transmission rate (Lunn et al., 2020)
Inconclusive ind person and transmission rate not effective in increasing effectiveness and memorability
(and did not measure intentions or behavior)

Other BCTs: 7.1;9.1;9.3

Floor decal markers with scary coronavirus

(Chutiphimon et al., 2020)

Inconclusive — floor decal 2m markers with scary coronavirus don’t increase behavior when compared to
other 2m floor decal markers

Other BCTs: 7.1; 8.3

Loss framed “prevention” poster with scary coronavirus (Khoa et al, 2021)

Effective — Loss framed “prevention” focused posters were effective in increasing intention when
compared the same posters w/o the scary coronavirus and Gain framed “promotion” posters
Other BCTs: 5.1; 6.1; 7.1

Health consequences / moral duty message (Bos et al., 2020)

Inconclusive as no difference between a control and a health consequences message from a credible
source but difference with a moral duty message from a credible source

Other BCTs: 5.1; 13.2

Government Guidelines

(Hoeben et al., 2021)

Inconclusive — behavior occurred before explicit government recommendations. May require other
measures in place (e.g., stay at home orders) to facilitate change

Other BCTs: N/A
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13.2 framing / reframing **

Moral duty message
(Bos et al, 2020)
message focusing on moral duty influenced intentions compared to message only control,
but no difference compared to health consequences message.
Other BCTs: 5.1; 9.1

Enablement

Training

5.2 Salience of Consequences**

9.3 comparative imagining of future outcomes**

12.1 restructuring physical environment™®

13.2 framing / reframing **

Floor decal markers with scary coronavirus

(Chutiphimon et al., 2020)

Inconclusive — floor decal 2m markers with scary coronavirus don’t increase behavior when compared to
other 2m floor decal markers

Other BCTs: 7.1; 8.3

Loss framed “prevention” poster with scary coronavirus (Khoa et al, 2021)

Effective — Loss framed “prevention” focused posters were effective in increasing intention when
compared the same posters w/o the scary coronavirus and Gain framed “promotion” posters
Other BCTs: 5.1; 6.1; 7.1

Poster with consequences to individual people or about transmission rate (Lunn et al., 2020)
Inconclusive ind person and transmission rate not effective in increasing effectiveness and memorability
(and did not measure intentions or behavior)

Other BCTs:5.1; 7.1; 9.1

Directional walking system

(Blanken et al, 2020)

Effective one-way walking system increased behavior but no difference with bi-directional system
Other BCTs: 2.2; 7.1

Moral duty message
(Bos et al, 2020)
message focusing on moral duty influenced intentions compared to message only control,
but no difference compared to health consequences message.
Other BCTs: 5.1; 9.1

2.2 Feedback on behavior *

Proximity Buzzer

(Blanken et al, 2020)

Effective — buzzer increased behavior when feedback is immediate (2 sec delay ineffective) when
coupled with physical restructuring

Other BCTs: 7.1; 12.1; 12.5
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4.1 Instruction on how to perform the behavior*

6.1 demonstration of behavior*

8.3 Habit formation*

Poster demonstrating behavior (Lunn et al., 2020)

Inconclusive

Poster demonstrating behavior was significantly seen as more effective and memorable than other posters
but did not measure intentions/behavior

Other BCTs: 6.1; 7.1; 9.1

Health consequences message

(Bos et al., 2020)

Ineffective no difference in intentions between this and a measurement only control or moral duty
message

Other BCTs: 9.1

Moral duty message (Bos et al., 2020)

message focusing on moral duty influenced intentions compared to message only control
but no difference compared to health consequences message.
Other BCTs: 9.1; 13.2

Gain framed “promotion” poster (Khoa et al, 2021)
Ineffective no difference between Gain framed “promotion” and control poster on intentions
Other BCTs: 5.1; 7.1

Loss framed “prevention” poster (Khoa et al, 2021)

Effective — increased intention when compared to Gain framed “promotion” focused poster (2 studies)
and control (1 study)

Other BCTs: 5.1; 7.1

Poster demonstrating behavior (Lunn et al., 2020)

Inconclusive

Poster demonstrating behavior was significantly seen as more effective and memorable than other posters
but did not measure intentions/behavior

Other BCTs: 4.1;7.1; 9.1

Note: no studies compared conditions with habit formation strategies and one without habit formation
strategies

Education 2.2 Feedback on behavior *

5.1 Information about Health Consequences*

Proximity Buzzer

(Blanken et al, 2020)

Effective — buzzer increased behavior when feedback is immediate (2 sec delay ineffective) when
coupled with physical restructuring

Other BCTs: 7.1; 12.1; 12.5

Gain framed “promotion” poster (Khoa et al, 2021)

Ineffective no difference between Gain framed “promotion” and control poster on intentions
Other BCTs: 6.1; 7.1

Loss framed “prevention” poster (Khoa et al, 2021)

Effective — increased intention when compared to Gain framed “promotion” focused poster (2 studies)
and control (1 study)

Other BCTs: 6.1; 7.1

Poster with consequences to individual people or about transmission rate (Lunn et al., 2020)
Inconclusive ind person and transmission rate not effective in increasing effectiveness and memorability
(and did not measure intentions or behavior)

Other BCTs: 7.1;9.1; 9.3
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Environmental restructuring

Coercion

Incentivisation

7.1 prompts / cues*

Note — no studies compared a condition with prompts and cues and one without any prompts and cues

7.1 prompts / cues*

12.1 restructuring physical environment™®

12.5 Adding objects to environment™*

Note — no studies compared a condition with prompts and cues and one without any prompts and cues

Directional walking system

(Blanken et al, 2020)

Effective one-way walking system increased behavior but no difference with bi-directional system
Other BCTs: 2.2; 7.1

Proximity Buzzer

(Blanken et al, 2020)

Effective — buzzer increased behavior when feedback is immediate (2 sec delay ineffective) when
coupled with physical restructuring

Other BCTs: 2.2;7.1; 12.1

2.1 Monitoring of behavior by others without feedback*

2.2 Feedback on behavior *

10.11 future
Punishment**

Distance monitoring without a buzzer

(Blanken et al, 2020)

Ineffective — the no buzzer control condition (where behavior was monitored with a proximity device
without feedback) coupled with unidirectional walking directions only was less effective than the
unidirectional walking directions with a buzzer

Other BCTs: 7.1; 12.1

Proximity Buzzer

(Blanken et al, 2020)

Effective — buzzer increased behavior when feedback is immediate (2 sec delay ineffective) when
coupled with physical restructuring

Other BCTs: 7.1; 12.1; 12.5

Government Fines

(Hoeben et al., 2021)

Ineffective — no evidence that fines influenced behavior
Other BCTs: 9.1

2.1 Monitoring of behavior by others without feedback*

Distance monitoring without a buzzer

(Blanken et al, 2020)

Ineffective — the no buzzer control condition (where behavior was monitored with a proximity device
without feedback) coupled with unidirectional walking directions only was less effective than the
unidirectional walking directions with a buzzer

Other BCTs: 7.1; 12.1
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2.2 Feedback on behavior *

Proximity Buzzer

(Blanken et al, 2020)

Effective — buzzer increased behavior when feedback is immediate (2 sec delay ineffective) when
coupled with physical restructuring

Other BCTs: 7.1; 12.1; 12.5

Modelling 6.1 demonstration of behavior*

Gain framed “promotion” poster (Khoa et al, 2021)
Ineffective no difference between Gain framed “promotion” and control poster on intentions
Other BCTs: 5.1; 7.1

Loss framed “prevention” poster (Khoa et al, 2021)

Effective — increased intention when compared to Gain framed “promotion” focused poster (2 studies)
and control (1 study)

Other BCTs: 5.1; 7.1

Poster demonstrating behavior (Lunn et al., 2020)

Inconclusive

Poster demonstrating behavior was significantly seen as more effective and memorable than other posters
but did not measure intentions/behavior

Other BCTs: 4.1; 7.1; 9.1

Intervention Functions were determined from a consensus exercise and review of interventions to determine which interventions were related to which

BCTs (p. 151-155, Michie et al., 2014).

* shows frequently used BCTs ** shows less frequently used BCTS
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