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Abstract 

Objectives:  To assess the quantity and quality of studies using an observational measure of behaviour during the 
COVID-19 pandemic, and to narratively describe the association between self-report and observational data for 
behaviours relevant to controlling an infectious disease outbreak.

Design:  Systematic review and narrative synthesis of observational studies.

Data sources:  We searched Medline, Embase, PsychInfo, Publons, Scopus and the UK Health Security Agency behav-
ioural science LitRep database from inception to 17th September 2021 for relevant studies.

Study selection:  We included studies which collected observational data of at least one of three health protective 
behaviours (hand hygiene, face covering use and maintaining physical distance from others (‘social distancing’) dur-
ing the COVID-19 pandemic. Studies where observational data were compared to self-report data in relation to any 
infectious disease were also included.

Data extraction and synthesis:  We evaluated the quality of studies using the NIH quality assessment scale for 
observational studies, extracted data on sample size, setting and adherence to health protective behaviours, and 
synthesized results narratively.

Results:  Of 27,279 published papers on COVID-19 relevant health protective behaviours that included one or 
more terms relating to hand hygiene, face covering and social distancing, we identified 48 studies that included an 
objective observational measure. Of these, 35 assessed face covering use, 17 assessed hand hygiene behaviour and 
seven assessed physical distancing. The general quality of these studies was good. When expanding the search to 
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Background
Throughout the COVID-19 pandemic, members of the 
public have been urged to engage in a set of behaviours 
intended to reduce transmission of the SARS-CoV-2 
virus. These have included recommendations to practice 
frequent hand hygiene, avoid close contact with other 
people (‘social distancing’) and to wear a face covering 
to prevent spread through respiratory droplets [1, 2]. 
Although these interventions have been shown to be 
effective in reducing the transmission of SARS-CoV-2 
(https://​www.​bmj.​com/​conte​nt/​375/​bmj-​2021-​068302), 
none of the interventions will work if people do not 
adhere to them or understand the messaging on when 
they should adhere [3].

To date, public engagement with recommended behav-
iours has primarily been monitored by behavioural sci-
entists, public health agencies and national governments 
though the use of self-report questionnaires. Using 
self-report methods to collect data has many benefits. 
Self-reported data can be quick, easy and relatively inex-
pensive to obtain from large numbers of participants. The 
association between self-reported behaviour and other 
self-reported variables is also relatively straightforward to 
examine. For many outcomes, self-report can be a good 
proxy measure for actual behaviour [4]. For example, self-
report can be a useful way to assess whether someone has 
been vaccinated or not [5]. For other behaviours, self-
report may be less valid [6]. This may be particularly true 
for frequently performed behaviours that are difficult to 
remember (e.g. frequency of handwashing in the past 
24 hours) or that would be socially undesirable to admit 
(e.g. breaking legally enforceable rules around self-isola-
tion) [7, 8, 9].

In the context of COVID-19, regularly collected meas-
ures of behaviour that do not rely on self-report are 
rare. Notable exceptions include: mobility data based on 
mobile phone locations [10]; footfall data in city centres 
[11]; and official statistics on vaccine uptake based on 
electronic records [12]. Most of these examples relate to 

where people are located or whether they engage with 
health services.

There are fewer regularly collected data based on direct 
observation quantifying whether and how people engage 
with COVID-19 protective behaviours. To assist public 
health agencies in considering whether to collect more 
observational data, we conducted a systematic review 
of the use of observational measures of COVID-19 rel-
evant behaviours. We focussed on studies that directly 
observed the performance of protective behaviours, 
excluding measures of mobility or location. Our aims 
were to assess: 1) the quantity of observational stud-
ies conducted during COVID-19; 2) the quality of these 
studies; and 3) the association between self-report and 
observational data. While we only included COVID-19 
related studies for aims one and two, given a lack of data 
found during screening, we expanded our inclusion cri-
teria for aim three and included studies relating to any 
infectious disease outbreak.

Methods
Protocol and registration
This review follows the PRISMA framework and is 
registered with PROSPERO registration number 
CRD42021261360. The study protocol is available from: 
https://​www.​crd.​york.​ac.​uk/​prosp​ero/​displ​ay_​record.​
php?​ID=​CRD42​02126​1360.

Search strategies
For aims one and two, we searched the following elec-
tronic databases from inception to 17th September 
2021: Medline, Embase, PsycInfo, Publons, Scopus, and 
the UK Health Security Agency behavioural science 
COVID-19 Literature Repository database (BSIU LitRep 
Database. Google Docs. Available from: https://​docs.​
google.​com/​sprea​dshee​ts/d/​1qfR4​NgnD5​hTAS8​KriPa​
XYhLu​1s7fp​ZJDq8​EIXQY​0ZEs/​edit#​gid=​36940​8275 
(Accessed November 2021)). Databases were searched 
for articles containing MeSH terms or keywords relating 
to COVID-19 (e.g. “SARS-CoV-2”, “novel coronavirus”), 

all infectious diseases, we included 21 studies that compared observational versus self-report data. These almost 
exclusively studied hand hygiene. The difference in outcomes was striking, with self-report over-estimating observed 
adherence by up to a factor of five in some settings. In only four papers did self-report match observational data in 
any domains.

Conclusions:  Despite their importance in controlling the pandemic, we found remarkably few studies assessing 
protective behaviours by observation, rather than self-report, though these studies tended to be of reasonably good 
quality. Observed adherence tends to be substantially lower than estimates obtained via self-report. Accurate assess-
ment of levels of personal protective behaviour, and evaluation of interventions to increase this, would benefit from 
the use of observational methods.
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hand hygiene, physical distancing, or face coverings 
(e.g. “hand washing”, “face mask”, “physical distancing”) 
and an observational method (e.g. “observational study”, 
“videorecording”). Full details of our search strategies are 
available in Supplementary material.

For aim three, we searched Medline, Embase and Psy-
cInfo from inception to 17th September 2021. These were 
searched for articles containing MeSH terms or keywords 
relating to hand hygiene, physical distancing, face cover-
ing and direct observation. We did not include specific 
search terms for infectious disease as this was already the 
focus of the majority of papers investigating the three rel-
evant behaviours.

For both search strategies we examined the reference 
sections of any pertinent studies and reviews for further 
references.

Eligibility criteria
For aims one and two, we included studies that were pub-
lished in English since January 2020, contained an obser-
vational measure of hand hygiene, physical distancing 
or face covering use in relation to COVID-19, assessed 
these behaviours among the general public or healthcare 
workers, and contained original data. We excluded stud-
ies that contained only location-based data, for example, 
mobile phone data that measured where in space people 
were located (rather than what they were doing). We also 
excluded the use of used crowd density measurements 
where physical distancing of individuals within the crowd 
could not be determined. Studies were also excluded if 
they recorded impressionistic perceptions of behaviour 
rather than using a systematic method such as using 
unsystematic sampling methods or retrospective meth-
ods based on recall of behaviours.

For aim three, we included studies published in English 
(no date restrictions), that related to infectious disease 
control for any pathogen and that contained an observa-
tional measure of one or more of our defined behaviours 
compared to a self-report measure. We excluded studies 
that contained only self-report or observational data.

Study selection
Titles and abstracts were independently double screened 
by two separate reviewers (RD screened all citations, FM 
screened half the citations and AFM screened the other 
half ) using Sysrev Software to identify potentially eli-
gible studies and record decisions. Full texts were then 
independently double screened (RD screened all cita-
tions, FM screened half the citations and AFM screened 
the other half ), with any uncertainties resolved through 
discussion.

Data extraction, items and risk of bias
Two reviewers (RD, FM) extracted data from included 
studies. Study and participant characteristics were noted, 
including study design, sample size, number of opportu-
nities for specified behaviours, location of observation, 
population characteristics and prevalence of adherence. 
Where needed, further details were sought by contacting 
study authors. For aims one and two, where papers con-
tained a pre and post COVID-19 data collection period, 
only data collected during the COVID-19 pandemic were 
included in the narrative synthesis.

Studies were assessed for quality using the National 
Institutes of Health (NIH) Quality Assessment Tool 
for Observational Cohort and Cross Sectional Studies 
[13]. Where disagreements were identified, the relevant 
reviewers discussed the relevant sections of the paper 
to check if they had misinterpreted any element. Where 
needed, a third reviewer was asked for their advice and 
/ or the relevant table entry for a study was adjusted to 
account for any ambiguity.

Results
Twenty-seven thousand two hundred seventy-nine pub-
lished papers were identified that included terms relating 
to COVID-19, and one or more terms relating to hand 
hygiene, face covering and social distancing. When the 
term ‘observational’ and related terms were added, 2589 
papers were identified and these were screened for aims 
one and two, from which 105 were selected as potentially 
relevant to the review. Of these, 57 were excluded. A total 
of 48 studies met the inclusion criteria (Fig. S1). For aim 
three we screened 3331 papers, from which 133 were 
deemed potentially relevant following abstract screening. 
Of these, 21 were included in the review (Fig. S2).

Aim one: quantity of studies using observational measures
We included 48 [14–, 15, 16, 17, 18, 19, 20, 21, 22, 23, 
24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 
40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 
56, 57, 58, 59, 60, 61] studies containing an observation 
component during the COVID-19 pandemic. In total 
these included at least 116,169 participants and at least 
36,060,422 behavioural observational events.

Of the included studies, 39 used direct observers, one 
used an automated measurement to assess hand hygiene, 
five used video observations and three used mixed meth-
ods including; observation supplemented with a survey, 
observation supplemented with media data and in-per-
son observation plus automated technology.

Of the 48 included studies, 35 looked at wearing a face 
covering (five in healthcare workers, 30 in the general 
public), 17 studies looking at hand hygiene (12 in health-
care workers, five in the general public), and seven looked 
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at physical distancing (one in healthcare workers and six 
in the general public).

Six studies contained an interventional component 
intended to improve adherence.

Studies had been conducted in Asia (n  = 18), North 
America (n = 15), Europe (14), Africa (n = 2), and Aus-
tralia (n = 1).

The most common setting for observation was in hos-
pitals (n = 20), in stores or shopping centres (n = 12), on 
public streets (n  = 11), on public transport (n  = 7), in 
parks (n = 4), high schools or universities (n = 3), com-
munity healthcare (n  = 2) and residential care homes 
(n = 1).

For papers for which it could be determined (N = 43), 
sample size varied between 41 and 17,200 (median = 780).

The median number of behavioural observation events 
for each study was 1020, with a minimum of 41 and max-
imum of 35,362,136. Two studies [55, 56] had a very high 
number of observations, one with 35,362,136 opportuni-
ties and one with 593,118.

Characteristics of all included studies are available in 
Tables S1 and S3.

Aim two: quality of studies using observational measures
Studies with interventions intended to improve adher-
ence to protective behaviours (n = 6) were rated out of 

Fig. 1  Number of intervention studies displaying relevant aspects of NIH quality assessment tool

Fig. 2  Number of non-intervention studies displaying relevant aspects of NIH quality assessment tool
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11 relevant criteria on the NIH quality assessment check-
list and studies with no interventions (n = 42) were rated 
out of eight relevant criteria. Studies with an intervention 
had a median score of 10, with a range of 8-11 (Fig.  1). 
Studies without an intervention had a median score of 
7, with a range of 4-8 (Fig.  2). Overall, studies in both 
groups generally had clearly defined study objectives, 
populations and variables, however very few studies 
reported any sample size or power estimates.

Aim three: observational data vs self‑report
In total, 21 studies contained both an observational and 
self-report component (Table  1). Characteristics of all 
included studies are available in Tables S1, S2, S3 and S4. 
Three studies investigated COVID-19, while 18 investi-
gated other infectious diseases or infectious disease prac-
tice pre-COVID-19. Of the three studies investigating 
behaviour during COVID-19, all three studied health-
care workers (one in Germany, one in the US and one 
in Thailand) and one also studied the general public (In 
Thailand) [25, 51, 52]. All three looked at hand hygiene 
adherence; one also looked at face covering use.

Self-reported and observed hand hygiene behaviour 
differed, with self-reported rates being around twice that 
of observed rates. The biggest difference seen in hand 
hygiene rates was 99% self-reported and 46% observed 
in a study of healthcare workers engaging in community-
based patient care activities in the US [51]. Observed 
adherence in this study varied by the activity as well as by 
the period during the COVID-19 pandemic when assess-
ments were made.

Self-reported and observed face covering wearing 
both had high rates of adherence, with 86% self-reported 
adherence among patients and 95.8% among healthcare 
workers in one Bangkok hospital, compared to 100% 
adherence when observed in both groups [24].

Of 18 studies investigating other infectious diseases, 
most studies (n = 15) looked at hand hygiene in a health-
care worker population [64, 65, 66, 67, 68, 69, 70, 71, 72, 
73–, 75, 76, 77, 78, 79], while two studied it in the general 
public [63, 74]. One studied face covering use in health-
care workers [62]. None assessed physical distancing. 
Studies were conducted in Asia (n = 7), North America 
(n = 8), Europe (n = 3) and South America (n = 1).

Self-reported hand hygiene behaviour was higher than 
observed data in most studies (n  = 11). The greatest 
differences were 31% self-reported versus 6% observed 
hand hygiene in the general public in Peru [79], and 
67% self-reported versus 15% observed hand hygiene 
in healthcare workers in a large hospital in Vietnam 
[78]. In the only study that examined it, face covering 
wearing was self-reported at 25% but observed at 1% in 

emergency department personnel at a Minnesota public 
teaching hospital [62].

In only one paper was uptake of protective behav-
iours lower in self-report data than observed data, and 
this only applied to a small subset of participants, 4% of 
the total sample, who expressed that their hand hygiene 
adherence was between 0 and 10%, compared to an 
observed rate of 35%. 81% of the total sample rated their 
hand hygiene adherence as between 80 and 90%, compa-
rable to the 90% adherence that was observed [78].

Self-reported rates of behaviour matched observed 
rates in three studies, all studying hand hygiene: one 
study assessing healthcare workers’ in a French university 
hospital [62], one looking at medical students’ [70], and 
one looking at healthcare workers’ behaviour in an inten-
sive care unit in South India [80].

Quality assessment of non COVID‑19 studies
Studies with interventions intended to improve adher-
ence to protective behaviours (n = 2) were rated out of 
11 relevant criteria on the NIH quality assessment check-
list and studies with no interventions (n = 16) were rated 
out of eight relevant criteria (Table S5). Studies with an 
intervention had a median score of 7, with a range of 6-9 
(Fig.  3). Studies without an intervention had a median 
score of 6, with a range of 1-8 (Fig. 4). Overall, studies in 
both groups generally had clearly defined study objec-
tives, populations and variables, however very few stud-
ies reported any sample size or power estimates.

Discussion
Improving uptake of health protective behaviours is an 
important public health challenge, not only for COVID-
19, but for infectious disease prevention more widely. 
Face coverings, hand hygiene and maintaining physical 
distance have all been identified as effective infection 
control strategies that have relatively few downsides in 
comparison to more far-reaching interventions such as 
society-wide ‘lockdowns’ [11]. Identifying ways to achieve 
good adherence to such measures requires that we are 
first able to measure adherence accurately. Though self-
report can be a useful proxy for behaviour, our review 
suggests that academic research has become overly reli-
ant on it, so much so that although we identified 27, 279 
papers which included terms related to COVID-19 and to 
hand hygiene, face covering or social distancing, just 48 
of these papers (< 0.2%) actually studied the behaviour in 
question objectively.

It is likely that several factors influence the way in 
which behaviour is measured. Speed, cost, ease and the 
ability to explore associations with other variables which 
may be best measured via self-report (such as, for exam-
ple, trust in government, exposure to conspiracy theories 
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or the perceived efficacy of an intervention) are all valid 
reasons for opting to use self-report over observation. 
Indeed, the importance of ease as a factor likely explains 
why only seven studies have attempted to assess physical 
distancing using observational techniques while 35 have 
looked at face coverings: it is difficult for an observer 
to judge distance between two people and to identify 
whether people need to maintain distance from each 
other (e.g. if they do or do not live in the same house-
hold), but easier to assess whether they are wearing a 
face covering. Nonetheless, our review also points to 

the dangers of over-reliance on self-report. The 21 stud-
ies that we identified which compared self-report and 
observed behaviour repeatedly demonstrated that self-
report over-estimates hand hygiene behaviour, some-
times dramatically so, while evidence for the validity of 
self-reported distancing and face covering use is limited 
in the current literature. Although outside the date range 
for our search, two recent pre-prints support this point 
for hand hygiene and extend the evidence of a self-report 
gap to include face covering and distancing. One study 
demonstrated that self-reports of “always” wearing a face 

Fig. 3  Number of non-COVID-19 intervention studies displaying relevant aspects of NIH quality assessment tool

Fig. 4  Number of non-COVID-19 non-intervention studies displaying relevant aspects of NIH quality assessment tool
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covering when in specific public spaces in a national UK 
Government-funded survey matched observed behaviour 
in those locations, but that an additional 23% of people 
reported “sometimes” wearing face coverings in these 
situations, something which could not be accounted for 
in the observations [80]. The other study, of a single uni-
versity campus in the UK, found that while 68% of survey 
respondents reported always cleaning their hands while 
entering a university building, observation of the only 
entrance to the main campus building found the true rate 
to be 16% [81]. Reported and observed rates for distanc-
ing were also discordant (49% vs 7%) while the gap for 
wearing a face covering was smaller but still noticeable 
(90% vs 82%). While multiple factors may account for 
these discrepancies [6], recall bias and social desirability 
would seem most likely to lead to inflated estimates of 
behaviours such as hand hygiene and physical distanc-
ing. Although there are exceptions, with some individuals 
exercising continuous daily mask use, the relative novelty 
of face coverings for many people, the limited number of 
occasions they need to be worn during the day for many 
members of the general public and their greater salience 
and hence ease of recall may partly mitigate these biases 
and explain why self-reported wearing of a covering 
may be a more reliable measure of behaviour than self-
reported hand hygiene or distancing.

Notably, the quality of studies that included an obser-
vational measure was generally good in most respects. 
The one exception was that relatively few studies pro-
vided a sample size justification. We suspect this is linked 
to the difficulty of setting a pre-determined sample size 
in advance of a naturalistic study. For example, it can 
be difficult to predict how many people will pass by an 
observer over a set period of time. The relatively high 
quality may reflect the tendency for authors who choose 
to take the difficult route of evaluating behaviour via an 
objective measure to have also considered other ways of 
maximising the quality of their study.

Suggestions for future research
Plenty of scope exists for future work to expand this liter-
ature. First, there is a pressing need to establish the valid-
ity of self-reported behaviour. At present, the limited 
literature that exists focusses almost entirely on hand 
hygiene. During the COVID-19 pandemic we found no 
studies comparing self-report and observational data 
for physical distancing and only one for the use of face 
coverings, although more work in this area is starting 
to appear [80, 81]. Future work should test approaches 
to improve the validity of self-report data and also test 
whether the correlates of self-reported behaviour (which 
are the basis for many policy recommendations and pro-
posed interventions) can be replicated as correlates of 

observed behaviour. Consideration should be given to 
the potential differences in validity that may be observed 
across population and settings. For example, in the stud-
ies that we reviewed, observed adherence tended to be 
higher in studies of healthcare workers than in general 
population samples.

Second, our review focussed solely on three behaviours: 
hand hygiene, face covering use and physical distancing. 
While important, these are only a subset of the complex 
set of behaviours that members of the public have been 
encouraged to adopt during the COVID-19 pandemic. 
We have not systematically reviewed the literature on 
the validity of self-report measures of, for example, test-
ing uptake or self-isolation, but have no reason to suspect 
that self-report is more valid for these behaviours, given 
that there is substantial social desirability involved and 
that, for some of them, research participants may techni-
cally be liable to legal action if they admit to non-adher-
ence. Nonetheless, key studies on these outcomes rely 
entirely on self-report [82, 83]. The one notable exception 
to this list is vaccination, a memorable, binary outcome 
for which self-report has been shown to be reasonably, 
though not entirely, valid [5, 84].

Third, while our review may give the impression that 
observation is a single ‘gold standard’ metric for behav-
iour, it is clear that there are multiple methods of obser-
vation. We identified methods including direct study 
of behaviours by trained observers, video observation, 
automated technology, and the use of newly developed 
technology using AI and machine learning in place of 
an observer. The use of such technology has been dem-
onstrated with face covering wearing studies, as well as 
studies that measure crowd density with social distancing 
within the crowd data [85, 86, 87]. These techniques all 
have their pros and cons in terms of intrusiveness, cost, 
capacity, ability to identify behaviours that may be par-
tially obscured and so on. A ‘one-size-fits-all approach’ 
may not be possible. Nonetheless, further work to 
develop a set of standardised observational protocols for 
key outcomes may assist in promoting the use of such 
techniques and allowing better comparison between 
studies.

Limitations
Several limitations should be considered for this sys-
tematic review. First, our conclusions are limited by the 
availability of data in the literature. The relative absence 
of observational data relating to face covering wear-
ing or physical distancing is an important result in its 
own right, but also limits our ability to assess the ade-
quacy of self-report for these behaviours. Second, while 
we made efforts to search widely for relevant studies, 
including in COVID-19 specific databases, it is possible 
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that we missed some studies which used terminology 
relating to an observational method that we did not 
include in our search. Given the rapidity with which the 
COVID-19 literature has expanded, with approximately 
a quarter of a million papers appearing in Scopus alone 
in less than 2 years, it is likely that additional studies 
will have been added to the databases that we searched 
in the time taken between completing our search and 
publication of this paper.

In this review, we have not attempted to pool the rates 
of behaviour observed in the various studies. The differ-
ing contexts in the studies we included means that any 
pooled estimate would not be meaningful. For example, it 
is probably not useful to compare rates of observed hand 
hygiene among healthcare workers working on COVID-
19 wards [25] with those among high school students 
attending their graduations [48].

Conclusions
The COVID-19 pandemic witnessed an explosion in 
research covering every aspect of the crisis. Within the 
field of behavioural science, there has been a heavy focus 
on ways to promote behaviours believed to reduce infec-
tion transmission. Almost all of these studies have meas-
ured whether people say they have engaged in specific 
behaviours. Few have measured the behaviour itself. This 
is problematic. For hand hygiene, observed adherence 
tends to be substantially lower than estimates obtained 
via self-report. There are few studies that have tested the 
validity of self-reported face covering use or physical dis-
tancing, but these also suggest that self-reports tend to be 
biased. Future research in this field should make greater 
use of observational methods where possible and should 
carefully consider the validity of any self-report measure 
where this is not possible.
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