
Zhang et al. BMC Public Health         (2022) 22:1588  
https://doi.org/10.1186/s12889-022-13977-1

RESEARCH

Habit formation of preventive behaviours 
during the COVID-19 pandemic: a longitudinal 
study of physical distancing and hand washing
Chao Zhang1,2*, Marieke A. Adriaanse3,4, Renske Potgieter1, Lars Tummers5, John de Wit6, Jan Broersen7, 
Marijn de Bruin8,9 and Henk Aarts1 

Abstract 

Background: Since the outbreak of the COVID-19 pandemic, physical distancing and hand washing have been used 
as effective means to reduce virus transmission in the Netherlands. However, these measures pose a societal chal-
lenge as they require people to change their customary behaviours in various contexts. The science of habit forma-
tion is potentially useful for informing policy-making in public health, but the current literature largely overlooked the 
role of habit in predicting and explaining these preventive behaviours. Our research aimed to describe habit forma-
tion processes of physical distancing and hand washing and to estimate the influences of habit strength and inten-
tion on behavioural adherence.

Methods: A longitudinal survey was conducted between July and November 2020 on a representative Dutch sam-
ple (n = 800). Respondents reported their intentions, habit strengths, and adherence regarding six context-specific 
preventive behaviours on a weekly basis. Temporal developments of the measured variables were visualized, quanti-
fied, and mapped onto five distinct phases of the pandemic. Regression models were used to test the effects of inten-
tion, habit strength, and their interaction on behavioural adherence.

Results: Dutch respondents generally had strong intentions to adhere to all preventive measures and their adher-
ence rates were between 70% and 90%. They also self-reported to experience their behaviours as more automatic 
over time, and this increasing trend in habit strength was more evident for physical-distancing than for hand washing 
behaviours. For all six behaviours, both intention and habit strength predicted subsequent adherence (all ps < 2e-16). 
In addition, the predictive power of intention decreased over time and was weaker for respondents with strong habits 
for physical distancing when visiting supermarkets (B = -0.63, p <.0001) and having guests at home (B = -0.54, p 
<.0001) in the later phases of the study, but not for hand washing.

Conclusions: People’s adaptations to physical-distancing and hand washing measures involve both intentional and 
habitual processes. For public health management, our findings highlight the importance of using contextual cues 
to promote habit formation, especially for maintaining physical-distancing practices. For habit theories, our study 
provides a unique dataset that covers multiple health behaviours in a critical real-world setting.
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Background
The outbreak of the COVID-19 virus has changed the 
world drastically. In just a few months, several COVID-
19 preventive strategies were enforced through the 
implementation of regulatory decisions and institu-
tional law (e.g., working from home, shutdown of public 
events and services, mandatory face masks), while other 
important behavioural measures were recommended to 
decrease the risk of spreading the virus. In the Nether-
lands, two most implemented recommendations were 
washing hands frequently and keeping physical distance 
from others. While both hand washing and physical dis-
tancing (also called “social distancing) are considered to 
be effective in slowing down disease transmission [1], 
they require individuals to autonomously change their 
behaviours and their effectiveness depends on the pub-
lic’s adherence to these novel behaviours. Hand washing 
might be a rather common behaviour in most cultures, 
but the new preventive measures require people to wash 
their hands more often, more carefully, and in many new 
situations (e.g., after coming home from outside, before 
entering shops). Furthermore, keeping physical distance 
from other people is not a common practice to most peo-
ple, so it takes effort and willpower to adapt to and main-
tain the new behavioural patterns [2].

In this regard, public health management calls for the 
science of behaviour change and science-based behav-
ioural interventions [3]. According to behaviour change 
theories (for overviews, see [4, 5]), a major part of human 
behaviours originate from intentions to engage in them, 
and requires conscious attention to realize them [6, 7]. 
Based on classic social cognitive theories (e.g., Theory of 
Planned Behaviour, [6]; Health Belief Model, [8]), many 
studies have thus examined and confirmed the roles of 
behavioural intention, attitude, beliefs (e.g., perceived 
threats of the virus), social norms, and self-regulatory 
skills on people’s adherence to preventive behaviours 
in the COVID-19 context [9–14]. These findings justify 
interventions that aim at changing intentions, for exam-
ple, by educating people about the values of physical dis-
tancing and hand washing for slowing down the infection 
rate in the society.

While intentional processes are certainly important 
for initiating behaviour change, the long-term prac-
tice of new behaviours and their maintenance involve 
other more automatic processes. Specifically, if peo-
ple have the ability and proper facilities to repeat and 
maintain the behaviour in the same context, a cognitive 

link between the context and the behaviour may be 
strengthened, which facilitates later behaviour selec-
tion and execution [15–17]. This habit formation pro-
cess implies that when behaviour becomes habitual, it 
can be triggered by and executed in the context at hand 
without forming intentions and requiring much delib-
eration or mental effort. From this point of view, habit 
formation also has implications for behaviour predic-
tion. It is well-known that the strength of one’s habit (or 
habit strength) predicts future behaviour in addition 
to behavioural intention [18]. Importantly, previous 
research shows that strong habits attenuate the predic-
tive value of intention for future behaviour, qualified by 
a habit-intention interaction effect in predicting behav-
iour (e.g., [18–24]). The interaction between measures 
of habit and intention in predicting future behaviour 
indicates that when strong habits exist, people do not 
need to deliberate and reason about their behaviour in 
order to act.

The science of habit formation has also been called 
upon in the management of preventive behaviours in 
the COVID-19 context [25], although to a lesser extent 
than intentional processes. In their prospective paper, 
Harvey and colleagues discussed intervention strategies 
that directly focus on promoting habit formation, such 
as establishing contextual cues, engaging in behavioural 
repetition, and aiming for automaticity [25]. Some of 
these strategies have been used in the Netherlands. For 
example, local and national measures to target physi-
cal distancing involved explicit changes in the environ-
ment that draw people’s attention to regulate behaviour 
directly, such as walking stickers in the city centre pedes-
trian areas and in supermarkets, and specific stand-
ing and seating arrangements in shops and restaurants. 
However, there is no quantitative description of whether 
Dutch people actually formed habits of physical distanc-
ing and hand washing over time (e.g., whether they expe-
rienced the behaviours as more automatic over time) and 
whether the control of the novel behaviours became less 
intentional but more driven by environmental cues (i.e., 
effects of intention, habit strength, and their interaction 
on adherence).

To our best knowledge, only two studies have empiri-
cally examined habit formation in the COVID-19 context 
to some extent. In a cross-sectional study in the UK [26], 
researchers found self-reported habit strength predicted 
hand hygiene behaviours. Similarly, a recent prospec-
tive survey study found that self-reported habit strength 
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accounted for extra variance in predicting physical dis-
tancing behaviours in addition to intention in an Austral-
ian and a U.S. sample [27]. These findings suggest that 
the subjective experience of behavioural automaticity can 
contribute to predict the degree to which people adhere 
to preventive behaviours. However, they did not report 
the interaction between intentions and habits, nor did 
they track the development of habits over time. In addi-
tion, there is no similar research on the Dutch population 
at a large scale.

To address this knowledge gap, we examined the role 
of habit formation in the public’s adherence to hand 
washing and physical distancing recommendations more 
systematically through a longitudinal study on context-
specific behaviours. The longitudinal design allowed us 
to monitor the changes in habit strength, intention, and 
adherence to recommendations of physical distancing 
and hand washing over time, and to examine how habit 
and intention predict behaviour in response to different 
phases of the pandemic. Moreover, the inclusion of mul-
tiple context-specific behaviours relating to the two pre-
ventive measures enabled us to compare habit formation 
processes across behaviour types and contexts. In theory, 
behaviour repetition and context stability are two impor-
tant factors that facilitate habit formation [20]. Influ-
ences of these factors can differ greatly not only between 
hand washing and physical distancing, but also between 
context-specific behaviours within these two behavioural 
categories (e.g., hand washing after returning home ver-
sus after using toilet; physical distancing in supermarkets 
versus at home). Obtaining such a quantitative multi-
week multi-behaviour picture of habitual and intentional 
processes underlying the preventive behaviours is poten-
tially useful for policymakers and public health organiza-
tions to make more accurate behaviour predictions and 
to design more effective future interventions [3, 28].

Methods1

Aims
We report here the results of a 20-week longitudinal 
study with a large representative Dutch sample (n = 800) 
on habit formation in their responses to physical-dis-
ancing and hand washing measures at the early months 
of the COVID-19 pandemic. We focused on physi-
cal distancing and hand washing, which were further 
defined as six context-specific behaviours: hand wash-
ing after returning home, before eating and after using 
toilet; physical distancing when shopping in supermar-
kets, when having guests home and when meeting people 
outside. We addressed the following research questions. 

RQ1: How do intention, habit strength, and behavioural 
adherence change over time for the six context-specific 
behaviours? We aimed to quantitatively describe the tem-
poral patterns and the differences across the behaviours. 
RQ2: How do habit strength and intention jointly pre-
dict behaviour adherence? We estimated their main and 
interaction effects in different periods of the pandemic 
and for the six different behaviours.

Sample description
One thousand and two hundred respondents were 
recruited through Panel Inzicht B.V., a major online 
research panel in the Netherlands. The sample size was 
determined by our goal of obtaining a large and repre-
sentative Dutch sample and our budgetary constraints. 
A subset of the panel received email invitations to par-
ticipate in the study, if they met the criteria of being 
a Dutch nationality over 18 years old and living in the 
Netherlands. A quota sampling was used to obtain a 
sample that represented the Dutch population on the fol-
lowing demographic variables: age, gender, region of resi-
dence and education level. The respondents responded 
to between 75% and 100% of all weekly surveys, with an 
average response rate of 97% (SD = 0.04). The final sam-
ple closely resembled the initial sample in terms of the 
four variables used in the sampling procedure and other 
demographic variables (see Table 1 for a detailed descrip-
tion). All respondents explicitly gave their consent to join 
the longitudinal study.

Survey design and procedure
The longitudinal survey was conducted between July 4 
and November 14, 2020, a period when the initial opti-
mism about the pandemic was followed by the “second 
wave” of coronavirus in the Netherlands. The 20-week 
period could be further divided into five distinct phases 
that corresponded to the development of the pandemic 
(see Fig.  1 for a visualization of the timeline, differ-
ent phases, and their contexts). Despite drastic policy 
changes in this period, the measures of physical distanc-
ing and hand washing were always in place. Following 
previous research on habit formation [20, 21], in each 
wave, we assessed the respondents’ behavioural inten-
tions, habit strengths, and behaviour adherence for the 
six context-specific behaviours through self-report. A 
recent study has shown that self-reports closely match 
real world behaviours in the COVID-19 context [29].

In each wave, an email invitation was sent to all 
respondents on Saturday evening at 18:00. Following 
the invitation, respondents had 24 hours to complete 
the survey. Initially, a reminder for completing each 
survey was also sent on Sunday evening at 18:00, but 
we decided to cancel this reminder after the 10th wave, 

1 The study design and data analysis plan were preregistered at open science 
framework: https:// osf. io/ kje5v.

https://osf.io/kje5v
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due to the very high response rate. Respondents used 
the link in the invitation email to complete the survey 
implemented on Qualtrics. The approximately 15-minute 
weekly survey started with questions pertaining to the 
key variables in this research (i.e., behavioural intention, 
behaviour adherence, habit strength, and context stabil-
ity) and then other questions relating to their lives amid 
the pandemic. After completing each wave of the longi-
tudinal survey, respondents received credits from Panel 
Inzicht B.V. (equivalent to 70 cents) as compensation. To 
minimize survey attrition, respondents who managed to 
complete the whole study received bonus credits (equiva-
lent to 10 euro). After each wave, we checked the validity 
of the responses and kept track of the respondents who 
successfully completed the surveys. We excluded those 
respondents from the study (i.e., they received no further 
email invitations for subsequent waves) who responded 
to less than two surveys in each study phase.

Measurements
For each of the six context-specific behaviours, the same 
set of questions concerning behavioural intention, behav-
iour adherence, context stability, and habit strength was 
asked. All questions were either adopted from existing 
Dutch scales or translated into Dutch by the research-
ers. Below we use physical distancing when visiting 

supermarkets as an example to illustrate the specific 
questions.

Behavioural intention was measured with two items 
adapted from [20]: “To what extent do you intend to keep 
1.5-meter distance when shopping in supermarkets in the 
coming week?” and “To what extent do you plan to keep 
1.5-meter distance when shopping in supermarkets in 
the coming week?”. Respondents answered the questions 
using 9-point scales with labels for the end points (e.g., 
1 = No, not at all and 9 = Yes, absolutely2). The internal 
reliability of the two-item scale was extremely high for 
all six behaviours (all Cronbach’s alpha ≥0.97). To assess 
respondents’ adherence to this behaviour, we asked about 
context frequency with one question: “How many times 
did you visit supermarkets in the last week?”. Adherence 
frequency was measured with one item: “During the 
supermarket visits you had last week, how many times 
did you keep 1.5-meter distance from others?”. Respond-
ents indicated their answers to these two questions with 
numbers. Non-adherence frequency was calculated as 
context frequency subtracted by adherence frequency, 
and adherence rate was the ratio between adherence 

Table 1 Demographics of the initial sample and final sample

1 Region 1 includes the provinces of Noord-Holland, Zuid-Holland and Utrecht; Region 2 includes the provinces of Groningen, Friesland and Drenthe; Region 3 
includes the provinces of Overijssel, Gelderland and Flevoland; Region 4 includes the provinces of Zeeland, Noord-Brabant and Limburg
2 Low education level includes no education, primary school, LBO, VMBO, MBO-1, VBO, MAVO, HAVO or VWO (first three years), VMBO, and (M)ULO; Medium education 
level includes MBO-2, MBO-3, MBO-4, MBO (before 1998), HAVO or VWO (4th, 5th, or 6th grade), HBS, and MMS; High education level includes HBO (higher applied 
education) and WO (university undergraduate or above)
3 Low income level: annual income less than 20k Euro; Medium income level: annual income between 20k and 50k Euro; High income level: annual income more than 
50k Euro
4 Percentage of respondents tested positive before the intake

Demographic Variable Initial Sample (n = 1200) Final Sample (n = 800)

Age Between 18 and 90; Between 18 and 90;

median = 53, SD = 18.09 median = 53, SD = 18.09

Gender 600 men, 600 women 398 men, 402 women

Region of  Residence1 I: 46%; II: 10; I: 47.8%; II: 9.5;

III: 21%; IV: 23% III: 20.4%; IV: 22.4%

Education  Level2 Low: 16%; Medium: 45%; Low: 15.5%; Medium: 46.1%;

High: 39% High: 38.4%

Employment Employed: 49.9%; Employed: 50%;

Unemployed: 6.6%; Unemployed: 6.6%;

Student: 4.6%; Student: 4.3%;

Retired: 29.8%; Retired: 30.5%;

Other: 9% Other: 8.6%

Annual  Income3 Low: 26.9%; Medium: 56.7%; Low: 24.8%; Medium: 57.3%;

High: 16.4% High: 18%

Coronavirus  Test4 5.1% 3.9%

2 The English translations of the questions and the labels may sound odd, but 
the original Dutch versions were intuitive for Dutch speakers. Interested read-
ers can refer to the original questionnaires shared at Open Science Frame-
work: https:// osf. io/ 4utk8/.

https://osf.io/4utk8/
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frequency and context frequency. Context stability was 
measured using one item adapted from [20]: “In situa-
tions where you kept 1.5-meter away from others during 
your supermarket visits last week, to what extent was the 
context (the moment, the place and the circumstances) 
different or the same?” (1 = Completely different; 9 = 
Completely the same).

Finally, based on the literature, we measured habit 
strength in two different ways. First, we used a traditional 
measure that indexes habit as a frequency-in-context 
measure. This measure is based on the idea that higher 
frequency of behavioural execution and more stable 
context result in stronger habits. We followed the litera-
ture to calculate a habit strength index by multiplying 
self-reported past behaviour (adherence) frequency and 
context stability [20, 22, 30, 31]. Second, we included the 
commonly used Self-Reported Behavioural Automatic-
ity Index (SRBAI; [32]). This measure does not look at 
frequencies of behaviours, but taps into people’s reflec-
tion or metacognition of considering their behaviours as 
being automatic or effortless. The SRBAI has been used 
to describe the developments of habits over time [33, 34]. 
Specifically, a 4-item Dutch version was used in our study 
(Cronbach’s alpha ≥0.95 for all six behaviours): respond-
ents were asked to rate four statements on 7-point scales 
(1 = Completely disagree; 7 = Completely agree): “Keep-
ing 1.5-meter away from others when I visit supermar-
kets is something I do very often.”, “...I do without having 
to consciously remembering it.”, “...I do without think-
ing.”, “...I start doing before I realize I am doing it.”. To 
distinguish the two measures of habit strength, we refer 

to them as frequency-based habit index and behavioural 
automaticity for the remainder of the paper.

Data analysis
Statistical analyses were performed on data from the 800 
respondents who completed the whole longitudinal study. 
As we were interested in how relationships between vari-
ables changed over time, this strategy ensured that for 
each time period any effects of interest were estimated 
from the same group of people, making the results more 
comparable across different time periods. Another gen-
eral strategy was to aggregate the 20 waves into the five 
distinctive phases mentioned in Fig. 1 before describing 
and modelling the data. This decision was based on two 
considerations. First, while surveying respondents every 
week could be informative in theory, most variables that 
were measured did not change that much on a weekly 
basis. There were also usually no significant changes in 
the development of the pandemic and the Dutch govern-
ment’s policies from week to week. Thus, the five phases 
were more distinctive contextually and they provided a 
more meaningful backdrop for interpreting the results. 
Second, aggregating or averaging certain variables over 
multiple weeks could help to reduce random fluctuations 
due to measurement issues. This was especially true for 
frequency-based measures. In a particular week, some 
respondents might have very limited or no opportunity 
to perform a specific behaviour (i.e., small or zero context 
frequency), so adherence and non-adherence frequencies 
as well as adherence rate were less reliable. For example, 
if a respondent only visits supermarkets once in a week 

Fig. 1 Timeline of the longitudinal survey in the context of the development of COVID19 pandemic in the Netherlands. The 20 waves of the study 
were aggregated into five phases that roughly followed critical events of policy changes. The curve in the background indicates the number of daily 
new cases per 100,000 people
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and adheres to the physical distancing rule, an adherence 
rate of 1 will be computed but it is not a good measure of 
how they would behave if more visits are paid. Aggregat-
ing frequencies over multiple weeks could attenuate this 
problem.

For RQ1, we described the means, standard devia-
tions, and intra-class correlations (ICCs) for all the key 
variables measured, including intention, behavioural 
automaticity, behaviour frequency, context stability, and 
adherence rate, and we compare the descriptive statis-
tics across the six context-specific behaviours. The ICCs 
indicates the proportion of variations in a variable that 
could be attributed to individual differences. Thus, a 
higher ICC means relatively large between-person vari-
ations compared to within-person changes over time. 
To describe the aggregated temporal developments of 
adherence rate, intention, and behavioural automatic-
ity3, we visualized the changes of the variables over the 
five phases of the study and tested linear temporal trends 
using linear mixed models with time (phase number) as a 
fixed-effect predictor.

For RQ2, for each phase and each context-specific 
behavior, we used behavioural intention, habit strength, 
and their interaction term to predict behavioural adher-
ence in a subsequent period. The outcome variable was 
the adherence frequency (e.g., frequency of keeping 
distance in supermarkets) relative to the context fre-
quency (e.g., frequency of visiting supermarkets) in the 
four weeks of a specific phase. To model this outcome, 
an intuitive approach would be to model it as adherence 
rate, i.e., adherence frequency divided by context fre-
quency. However, adherence rate would be a proportion 
bounded between 0 and 1, so the assumption of ordinary 
least squares (OLS) regression for continuous variables 
did not hold. Another problem of computing adherence 
rate was that the value of the denominator (i.e., context 
frequency) would be disregarded. For example, an adher-
ence rate of 1 could mean someone adhered to the dis-
tancing rule 1 out of 1 time or 10 out of 10 times when 
visiting supermarkets. Accuracy of model estimation 
would suffer if these observations were not weighted 
based on the denominator. For these two reasons, we fol-
lowed recommendations by statisticians to use logistic 
regression on a two-vector outcome variable, i.e., adher-
ence frequency versus non-adherence frequency, which 
could automatically weigh larger samples (the sum of 
adherence and non-adherence frequencies) more in its 
estimation [35, 36]. To account for overdispersion, quasi-
binomial distributions were assumed.

The predictors were the variables measured prior to 
the phase used for calculating the outcome variable. For 
intention, behavioural intention in the first week of each 
phase was used. The modelling procedure was repeated 
for the two measures of habit strength. When frequency-
based habit index was used, for each phase, the product 
of total behaviour frequency and average context stabil-
ity in the weeks prior to the start of the phase was used. 
When behavioural automaticity was used, its measure-
ment in the first week of each phase was used. Before 
computing the interaction term, both behavioural inten-
tion and habit strength were grand-mean centred for 
each phase and standardized to facilitate the interpreta-
tion of the results.

We also checked whether intention correlated with the 
two different measures of habit strength and whether 
strong correlations created multicollinearity issues for 
the regression models [37]. For frequency-based habit 
index, multicollinearity was not an issue at all, given the 
moderate correlations between intention and this habit 
strength measure (Pearson’s r between 0.21 and 0.40). 
In contrast, behavioural automaticity correlated strongly 
with intention for all six behaviours in all five phases 
(Pearson’s r between 0.73 and 0.80). The Variance Infla-
tion Factors (VIFs) were in many cases approaching but 
still under the threshold for multicollinearity (i.e., 5), with 
the exception that for physical distancing when visiting 
supermarkets in the last phase (VIF = 6.99 and 5.82 for 
behavioural automaticity and the interaction term). Still, 
the high correlations between intention and behavioural 
automaticity were not ideal for testing their interaction 
effect on behavioural adherence (see [38, 39]). Therefore, 
while the modelling results using the two different habit 
strength measures were similar and we report both in the 
Results section, the results based on the frequency-based 
measure were likely to be more reliable.

For all statistical tests, we set the alpha level at 0.00083 
given that we tested each effect for six behaviours, five 
phases and two different measures of habit strength (0.05 
divided by 60). To give an indication of statistical power, 
our sample size of 800 was sufficient to detect a bivari-
ate correlation of r = 0.163 with 90% power. All analyses 
were performed in the R statistical computing environ-
ment, version 4.1.1 [40].

Results
Descriptives and temporal developments of behaviour 
adherence, intention, and habit strength
Tables  2 and 3 show the means, standard deviations, 
and ICCs of the measured variables. Our Dutch sample 
reported to have strong intention to adhere to all the 
six context-specific behaviours (all means above 7.39 
on 9-point scales). In addition, the very high ICCs (all 

3 It is uninformative to show the temporal development of frequency-based 
habit index. This index is bounded by definition to increase almost linearly 
over time because it reflected the accumulation of behaviour frequency over 
time, multiplied by context stability.



Page 7 of 17Zhang et al. BMC Public Health         (2022) 22:1588  

above 0.87) indicated that the variations in intentions 
were predominately accounted for by individual differ-
ences among the survey respondents rather than tempo-
ral variations within individual persons. Based on scores 
for the behavioural automaticity index, survey respond-
ents self-reported to have moderate to strong habits for 
the six behaviours (all means above 5 on 7-point scales). 
As with intention, ICCs indicated much larger differ-
ences in behavioural automaticity between respondents 
than within respondents over time (all ICCs ≥0.87). For 
both intention and behavioural automaticity, the same 
order from larger to smaller means emerged for the six 
behaviours – hand washing after using toilet, physical 
distancing when visiting supermarkets, hand washing 
after returning home, hand washing before eating, physi-
cal distancing when meeting people outside, and physical 
distancing when having guests home.

In terms of self-reported behaviour, adherence fre-
quencies of the six behaviours differed substantially, but 
the differences were mainly attributed to the differences 
in people’s opportunities to perform physical distancing 
and hand washing in specific contexts (i.e., context fre-
quency). For example, respondents had more opportu-
nities to practice the hand washing behaviours than the 

physical distancing behaviours. Within the category of 
physical distancing, they practiced the behaviour more 
often when visiting supermarkets than when meeting 
people outside or having guests at home. When taking 
the differences in context frequency into account, adher-
ence rates of the behaviours were close to each other and 
respondents on average adhered to all of the recommen-
dations in the majority of the time (all means above 70%). 
Again, respondents differed a lot from each other in their 
adherence rates, but their own adherence rates were rela-
tively stable over the 20 weeks (all ICCs ≥ 0.7). Finally, 
respondents reported to practice all the behaviours in 
relatively stable contexts (all means ≥ 6.65). Still, behav-
iours practiced at home were associated with higher con-
text stabilities than behaviours practiced outside one’s 
home.

While individual differences accounted for most of 
the variance in adherence rate, intention, and behav-
ioural automaticity, there were small temporal develop-
ments in these variables and clear differences among the 
six behaviours (see Fig. 2). Adherence rates for the three 
physical distancing behaviours increased over the five 
phases, especially in the last two phases (visiting super-
markets: B = 0.017, 95% CI = [0.014, 0.020], p < 2e-16; 

Table 2 Grand means, standard deviations (SD), and intra-class correlations (ICC) of the key measures pertaining to physical 
distancing behaviours. The descriptives were calculated after aggregating the data into five phases

Physical distancing

Visiting supermarket Having guests home Meeting people outside

Mean (SD) ICC Mean (SD) ICC Mean (SD) ICC

Behavioral intention 7.89 (1.59) 0.87 7.39 (2.00) 0.89 7.58 (1.85) 0.88

Behavioral automaticity 5.51 (1.47) 0.87 5.02 (1.69) 0.88 5.20 (1.61) 0.88

Context frequency 2.56 (2.18) 0.83 1.24 (1.67) 0.51 1.27 (1.55) 0.63

Adherence frequency 2.26 (2.35) 0.86 0.95 (1.56) 0.66 1.02 (1.42) 0.56

Adherence rate 0.88 (0.25) 0.70 0.71 (0.37) 0.75 0.76 (0.33) 0.73

context stability 7.15 (1.87) 0.73 7.34 (1.89) 0.66 6.65 (2.12) 0.60

Table 3 Grand means, standard deviations (SD), and intra-class correlations (ICC) of the key measures pertaining to hand washing 
behaviours. The descriptives were calculated after aggregating the data into five phases

Hand washing

After returning home Before eating After using toilet

Mean (SD) ICC Mean (SD) ICC Mean (SD) ICC

Behavioral intention 7.74 (1.86) 0.92 7.60 (1.90) 0.92 8.34 (1.34) 0.93

Behavioral automaticity 5.34 (1.71) 0.92 5.32 (1.75) 0.93 6.19 (1.27) 0.91

Context frequency 10.21 (8.18) 0.82 20.81 (8.09) 0.72 31.93 (17.18) 0.88

Adherence frequency 8.46 (8.01) 0.80 16.25 (9.75) 0.70 29.36 (17.20) 0.86

Adherence rate 0.82 (0.27) 0.86 0.76 (0.32) 0.87 0.91 (0.21) 0.88

context stability 7.21 (1.79) 0.78 7.48 (1.60) 0.78 7.57 (1.63) 0.79
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having guests home: B = 0.023, 95% CI = [0.017, 0.028], 
p <.0001; meeting people outside: B = 0.019, 95% CI = 
[0.014, 0.025], p <.0001). Similar but smaller increases 
were also evident for hand washing behaviours (after 
returning home: B = 0.009, 95% CI = [0.007, 0.011], p < 
2e-16; before eating: B = 0.014, 95% CI = [0.012, 0.017], 
p < 2e-16; after using toilet: B = 0.004, 95% CI = [0.003, 
0.006], p <.0001).

Accompanying the increases in adherence rates, 
respondents’ intentions to comply with the six behav-
iours also became slightly stronger over time for both 
physical distancing (visiting supermarkets: B = 0.145, 
95% CI = [0.123, 0.147], p < 2e-16; having guests home: 
B = 0.154, 95% CI = [0.141, 0.168], p < 2e-16; meeting 
people outside: B = 0.136, 95% CI = [0.123, 0.149], p < 
2e-16) and hand washing (after returning home: B = 
0.067, 95% CI = [0.056, 0.079], p < 2e-16; before eating: 
B = 0.042, 95% CI = [0.031, 0.054], p <.0001; after using 
toilet: B = 0.028, 95% CI = [0.020, 0.036], p <.0001).

Finally, behavioural automaticity showed a relatively 
steeper increase for physical distancing behaviours (visit-
ing supermarkets: B = 0.109, 95% CI = [0.098, 0.120], p < 
2e-16; having guests home: B = 0.143, 95% CI = [0.131, 
0.155], p < 2e-16; meeting people outside: B = 0.126, 95% 
CI = [0.114, 0.138], p < 2e-16) than for hand washing 
behaviours after returning home (B = 0.064, 95% CI = 
[0.053, 0.074], p < 2e-16) and before eating (B = 0.058, 
95% CI = [0.048, 0.068], p < 2e-16). Washing hands after 
using toilet was the only behaviour that did not show 
an increase in behavioural automaticity over time (B = 
0.007, 95% CI = [-0.001, 0.015], p =.105).

Predicting future behaviour adherence using intention, 
habit strength and their interaction
Modelling results with frequency‑based habit index
Figure 3 shows the effects of intention, frequency-based 
habit index and their intention term on behavioural 
adherence for the six context-specific behaviours and 

Fig. 2 Aggregated temporal developments of adherence rate, behavioural intention, and behavioural automaticity over the five phases of the 
study
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over the five study phases. For most behaviours and 
phases, the estimated effects revealed that respondents 
with a stronger intention to follow the preventive meas-
ures also adhered to those measures to a greater extent. 
These were relatively large and highly robust correlations, 
with 95% confidence intervals very far from the refer-
ence line of zero (i.e., most p-values smaller than 2e-16). 
Frequency-based habit index also predicted subsequent 
adherence: respondents who practiced those behaviours 
more frequently in more stable contexts were more likely 
to adhere to the recommended behaviours in the future. 
The effect sizes of frequency-based habit index were 
smaller than those of behavioural intention.

There was a clear difference in the temporal devel-
opments of the effects of intention between phys-
ical-distancing and hand washing behaviours. For 
physical-distancing behaviours, the influences of behav-
ioural intention on subsequent adherence decreased 
drastically in the last three phases, when the second 
wave of the pandemic hit the Netherlands and physical-
distancing rules were enforced more strictly. This was 
especially true for physical distancing in supermarkets, 
for which behavioural intention no longer had signifi-
cant influence on adherence in the last phase (B = 0.26, 
95% CI = [0.02, 0.50], p =.031). In contrast, the effects of 

behavioural intention on subsequent adherence showed 
a small increasing trend for all hand washing behaviours. 
There was no linear trend in the temporal developments 
of the effects of frequency-based habit index on adher-
ence, but for physical distancing behaviours, these effects 
were relatively larger in Phase 2 and Phase 5.

Modelling analyses also revealed negative habit-inten-
tion interaction effects for physical distancing behaviours 
in the final phases. The effect that stood out specifically 
was the negative interaction for physical distancing when 
visiting supermarkets, which became stronger (i.e., more 
negative) throughout the study phases (Phase 1: B = 
-0.11, 95% CI = [-0.26, 0.04], p =.146; Phase 2: B = -0.31, 
95% CI = [-0.46, -0.15], p =.0002; Phase 3: B = -0.33, 95% 
CI = [-0.51, -0.16], p =.0002; Phase 4: B = -0.45, 95% CI 
= [-0.67, -0.23], p <.0001; Phase 5: B = -0.63, 95% CI = 
[-0.92, -0.34], p <.0001). The negative interaction effect 
was also significant in the last phase for physical distanc-
ing when having guests at home (B = -0.54, 95% CI = 
[-0.79, -0.29], p <.0001). These interaction effects indi-
cated that for respondents who engaged in these physi-
cal-distancing behaviours more frequently in the past 
and in more stable contexts, their behavioural intentions 
played a lesser role in predicting their behaviours in the 
subsequent time period (see Fig.  4 for the visualization 

Fig. 3 Effects of behavioural intention, frequency-based habit index, and their interaction on subsequent behavioural adherence estimated for 
each context-specific behaviour at each phase of the study (Regression coefficients on the y-axis represents effect sizes. Error bars represent 95% 
confidence intervals of the estimates)
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Fig. 4 Visualization of the effect of behavioural intention on subsequent behavioural adherence for respondents with different levels of habit 
strength (HS) measured by frequency-based habit index for each context-specific behaviour at each phase of the study
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of the interaction effects). In contrast, for hand washing 
behaviours, there was no evidence that for respondents 
with higher frequency-based habit strengths, their behav-
iors were less predicted by their behavioural intentions. 
Instead, there were positive albeit very small interaction 
effects in the last phases of the study for hand washing 
after using toilet and before eating.

Modelling results with behavioural automaticity
The modelling results when behavioural automaticity was 
used as a predictor were similar to those in the previous 
section in general. As shown in Fig. 5, both intention and 
behavioural automaticity were positively associated with 
future behavioural adherence for all behaviours and all 
phases (most p-values smaller than 2e-16) and their effect 
sizes were close to each other. The effects of behavioural 
automaticity implied that for respondents who experi-
enced their behaviours as more automatic and effortless, 
the more they adhered to the recommendations in the 
future. There were fewer clear patterns in the temporal 
variations of these effect estimates.

In terms of the interaction effect between intention 
and behavioural automaticity, the results only showed 
a negative interaction effect for physical distancing 
when having guests at home in the last two phases of 

the study (see Fig.  6). For respondents who reported 
to experience stronger behavioural automaticity, their 
intentions predicted their adherence to a lesser degree 
(Phase 4: B = -0.54, 95% CI = [-0.74, -0.33], p <.0001; 
Phase 5: B = -0.39, 95% CI = [-0.57, -0.20], p <.0001). 
For physical distancing when visiting supermarkets, 
the estimated interaction effects were negative, but 
not statistically significant at the alpha level we set 
(Phase 4: B = -0.13, 95% CI = [-0.25, -0.002], p =.048; 
Phase 5: B = -0.12, 95% CI = [-0.27, 0.02], p =.099). 
For hand washing behaviours, the interaction effects 
were either close to zero or even slightly positive in 
the later phases.

Discussion
Summary of findings
The present paper reports the findings of a longitudinal 
study at the early stage of the COVID-19 pandemic in 
the Netherlands (from June till November 2020, 20 waves 
of data) on habit formation for physical distancing and 
hand washing in various contexts, amongst a representa-
tive Dutch sample (n = 800). Overall, adding to recent 
studies [26, 27], our study provides further empirical 
evidence that habit formation plays an important role in 
people’s behavioural responses to preventive measures 

Fig. 5 Effects of behavioural intention, behavioural automaticity, and their interaction on subsequent behavioural adherence estimated for 
each context-specific behaviour at each phase of the study (Regression coefficients on the y-axis represents effect sizes. Error bars represent 95% 
confidence intervals of the estimates)
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Fig. 6 Visualization of the effect of behavioural intention on subsequent behavioural adherence for respondents with different levels of habit 
strength (HS) measured by SRBAI for each context-specific behaviour at each phase of the study
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in the context of the COVID-19 pandemic, in addition 
to the more frequently studied intentional processes 
such as beliefs and perceived social norms [9–14]. Habit 
strength, as measured both by the frequency-based habit 
index and behavioural automaticity measure, predicted 
subsequent behavioural adherence on top of and beyond 
behavioural intention. The convergence of both habit 
measures in predicting behaviour is consistent among 
the six context-specific behaviours and across several dis-
tinct stages of the development of the pandemic in the 
Netherlands.

Our results further revealed interesting behavioural 
and psychological differences in the ways Dutch peo-
ple responded to the two different preventive measures. 
Compared with the respondents’ stable behavioural pat-
terns regarding the hand washing measures, their adher-
ence to physical-distancing measures in various contexts 
increased more clearly over time, accompanied by their 
metacognitions that the initially novel behaviours became 
more automatic over time. In terms of how habit and 
intention predict future behaviour, the physical distanc-
ing behaviours but not hand washing behaviours were 
associated with an attenuation of the influence of inten-
tion over time among people who formed stronger habits 
as measured by the frequency-based habit index or the 
self-reported behavioural automaticity index. The latter 
interaction effect suggests that for people with stronger 
physical distancing habits, their future adherence to the 
measures were less correlated with their intentions to 
follow those measures. In contrast, while respondents 
practiced hand washing frequently and experienced the 
behaviours to be automatic, their behaviours remained to 
be highly predicted by their intentions. These contrast-
ing results corroborate a recent study that identified dis-
tinct predictors for physical distancing versus personal 
hygiene behaviours among university students in the 
Netherlands and other European countries [41].

Implications for public health management 
regarding the preventive measures
Ours findings support the recent proposal to harness the 
power of habit formation to increase the public’s adher-
ence to COVID-19 preventive measures [25]. Except for 
a few behaviours that are enforced by law in the Neth-
erlands and other countries (e.g., wearing a face mask 
indoor, closing of shops and restaurants), many recom-
mended behaviours to prevent the spread of the corona-
virus largely rely on people’s own willingness and abilities 
to adhere to the recommendations. Thus, changing peo-
ple’s pre-pandemic behaviours in the latter category and 
maintaining the recommended behavioural patterns is 
more difficult and requires the integration of a variety of 
behaviour change techniques [5, 42]. Successful strategies 

are likely those that incorporate not only techniques that 
rely on deliberative and intentional process (e.g., correct-
ing false beliefs about the pandemic, reinforcing behav-
iours with rewards) but also more environment-based 
techniques, such as establishing stable contextual cues 
[20] and implementing context-based plans [43–45]. We 
recognize that many environment-based techniques have 
been in place since the start of the pandemic in many 
countries. For example, in the Netherlands, walking stick-
ers are used in supermarkets to remind people of physical 
distancing in the situ and consequently, the behaviour of 
keeping distance may be automatically triggered by such 
cues. Our data suggest that even the entirely new and 
unnatural behaviours of physical distancing before the 
pandemic became automatic to some extent after eight 
months of practice.

Given the ongoing vaccination campaigns that hold the 
promise of containing the pandemic in the foreseeable 
future, perhaps a more timely question is to ask how our 
findings provide insights into the management of physi-
cal distancing and personal hygiene in the near future. 
For example, an intriguing question is whether people 
will or should maintain some of the preventive behav-
iours. For hand washing behaviours, the consistent strong 
correlation between intention and behaviour may suggest 
that hand washing routines require sustained intention to 
perform and execute the behaviour. In case the pandemic 
will wax and wane, continuous recommendation and 
education may be needed to maintain strong intention to 
wash one’s hands in critical settings. As for physical dis-
tancing, the attenuated intention-behaviour link suggests 
that people might be directly guided by the environment 
to keep distance without paying much attention to it. 
Accordingly, changing the environment or removing the 
physical cues may lead to a breakdown of newly formed 
habits. If we want people to readily and consistently 
keep physical distance (or to engage in similar preven-
tive behaviours), policies to encourage such new habits 
should resort to interventions that take advantage of the 
current social context and environmental cues to direct 
behaviour at hand.

Implications for research on habit formation
The interplay between habitual and intentional control of 
behaviour, such as examined by the habit-intention inter-
action effect in basic and applied behavioural research, 
has been considered a central hypothesis predicted by 
contemporary habit theories [17, 18, 24, 46, 47]. In this 
regard, our study provides unique data for the habit-
intention interaction effect for six different context-spe-
cific behaviours in one large study. Interestingly, even 
though habits as measured by behavioural automaticity 
were strong for both preventive behaviours, the widely 
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theorized negative habit-intention interaction effect was 
only evident in some physical-distancing behaviours. 
This concurs with the recent analysis and debate about 
whether and how habit weakens the relationship between 
intention and behaviour [48, 49]. While the interaction 
effect (or the lack thereof ) is based on correlational data, 
this surprising contrast may suggest different mecha-
nisms of self-regulating the two different behaviours. 
Below we discuss two speculations.

One difference between physical distancing and hand 
washing is the level of conscious attention required to 
control behaviour [50]. The stronger interaction effect 
for physical distancing behaviours may represent an 
instance where the environment strongly controls behav-
iour. That is, once instigated, the actual implementation 
of behaviour requires little effort or thinking in the envi-
ronment at hand, for example, the use of warning tapes 
on the floor or the presence of others in one’s personal 
space. In contrast, to closely follow hand washing rec-
ommendations, one needs to execute a series of actions 
and monitor their effects, such as opening the tap, using 
soap, specific hand movements, and keeping an eye on 
the duration. The execution of these actions may require 
more attention and remain largely intentional, even when 
the act of washing hands has been frequently instigated 
by the same environment.

Another intriguing possibility why physical distancing 
and hand washing differ in their regulations concerns 
the question of whether the preventive measures are 
regulated in private or social contexts. While washing 
hands properly was strongly recommended, the behav-
iour is usually performed in private contexts and without 
external enforcement. Physical distancing, on the con-
trary, represents a new social norm that was much more 
strictly enforced than the “self-imposed norm” of washing 
hands. Because of its social nature, physical distancing 
might therefore obey different dynamics when it comes 
to intentions and action repetition [51]. People react and 
mimic each other and may readily share similar views on 
the importance of behaviour [52, 53]. This stronger social 
influence on physical distancing may have rendered it 
more sensitive to the attenuation of intention-behaviour 
link when habits are strong.

Limitations
When interpreting our findings and considering their 
implications, one should be aware of the limited time 
period that the behaviours were studied. While our 
20-week longitudinal study is relatively extensive, it only 
captured a specific period of the COVID-19 pandemic 
in the Netherlands. For example, we could not start our 
study earlier than the end of June, when the pandemic 
had hit the Netherlands for three months and, apart from 

disrupting society at large, preventive measures were 
already in place. We therefore were unable to capture 
the initial stage of people’s responses to the measures, a 
period that might have been critical in adhering to the 
new rules and forming habits. Moreover, as our study 
completed in November 2020, no information is avail-
able regarding how our respondents’ behaviours might 
have changed afterwards. Based on the 2021 monitor 
survey by the National Institute for Public Health and 
the Environment, we do know by now that Dutch peo-
ple fail to maintain physical distancing behaviours after 
May 2021 when measures were temporarily relaxed and 
environmental cues (e.g., markers in supermarkets) were 
removed4.

Another limitation is that all variables in our study 
were measured by self-reports that depend on people’s 
ability to introspect on past experiences. Although we do 
not have direct evidence, it is known that such subjective 
reports are biased and inaccurate [54–57]. We aimed to 
reduce inaccuracies and measured adherence in a well-
defined and detailed way by asking respondents to recall 
the frequencies of encountering specific contexts (e.g., 
visiting supermarkets) and the frequencies of executing 
the associated behaviours (e.g., keeping distance from 
others) in the previous week. While our approach may 
lead to more precise and less socially biased measures 
than ratings scales [26, 27], it relies on people’s ability to 
accurately recall the events in their lives over a period of 
one week. In general, although self-report is unavoid-
able for measuring psychological variables (e.g., inten-
tion, metacognition of automaticity), actual behaviours 
can potentially be measured objectively. For example, 
several sensor systems have been implemented to moni-
tor violations of physical distancing rules (e.g., [58, 59]). 
In our own recent study, we also tried to use pressure-
sensors attached to soap bottles to measure participants’ 
hand washing behaviours at home. Future studies should 
explore the advantages and disadvantages of measur-
ing preventive behaviours using sensor technologies and 
linking them to self-reported measures.

Furthermore, our self-reported measure of context 
stability may suffer from a more specific issue. Because 
the question about context stability refers to individual 
weeks, week-level stability may fluctuate a lot and mis-
represent long-term stability, which is more relevant for 
habit formation. This issue is especially salient for phys-
ical-distancing in supermarkets and when a weekly fre-
quency of visiting is low. For example, when some visits 
two supermarkets in a week, one they usually go to and 
one for the first time, the weekly self-reported stability 

4 You can find an online report from the National Institute for Public Health 
and the Environment here: https:// www. rivm. nl/ gedra gsond erzoek/ trend 
onder zoek

https://www.rivm.nl/gedragsonderzoek/trendonderzoek
https://www.rivm.nl/gedragsonderzoek/trendonderzoek
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would be low but in fact their long-term shopping behav-
iour is relatively stable. This limitation adds noises to the 
measure of frequency-based habit index.

Finally, it should be noted that all the effects estimated 
in our models, including the habit-intention interac-
tion effects, were based on observational data generated 
from the longitudinal study. Even though we ensured 
that all predictors (i.e., intention, habit strength) were 
measured prior to the outcome variable (i.e., adherence 
rate) in time, strong conclusions about their causal rela-
tionships should be avoided. The causal relationships 
between intention, habit strength and actual behaviour 
can be complex and bidirectional. For example, not only 
do strong habits make recurring behaviours more likely 
by automatically triggering them in the corresponding 
contexts, but repeating behaviours also lead to stronger 
habits. The real-life nature of our study has its limits 
in allowing for a causal test, as this would require for 
instance experimental manipulations of habit formation 
that build on frequency and stability of behaviour. In 
order to formally test hypotheses following habit theories 
under such limited test circumstances, empirical data 
could be compared with simulated behavioural patterns 
generated from computational models of habit formation 
(e.g., [60–63]; for a review, see [64]).

Conclusions
The unpreceded pandemic of COVID-19 has made 
behaviour change a salient problem for public health 
management. Given the rarity of such events, we have 
very little empirical knowledge about what factors deter-
mine behavioural responses to preventive measures in 
the context of a pandemic and what works best as man-
agement strategies. As such, the ongoing challenge offers 
a rare opportunity to test behavioural change theories in 
a highly critical and relevant setting and at a large scale. 
Our 20-week longitudinal study with a large representa-
tive sample provides initial evidence that behavioural 
adaptation to new physical distancing and hand wash-
ing recommendations is matter of both a habit formation 
process and an intentional effort. What the present study 
teaches us the most, we believe, is that humans can form 
habits for completely new behaviours, and that it is worth 
to consider whether and how such new habit formation 
can serve society at large when it comes to public health.

Acknowledgements
The authors thank Dhr. Dr. Reint Jan Renes and Dr. Floor Kroese for their advice 
at various stages of the project.

Authors’ contributions
All authors contributed to the writing of the initial proposal for acquir-
ing the funding for the project. CZ, MA, and HA designed the longitudinal 
survey based on advise from other co-authors. CZ and RP administrated the 
data collection. CZ analyzed the data based on advice from HA and MA. All 

authors contributed to the writing and revision of the manuscript. All authors 
contributed sufficiently to be qualified as co-authors and they approved the 
submission.

Funding
The longitudinal survey study was supported by a grant awarded to Henk 
Aarts by the Faculty of Social and Behavioural Sciences at Utrecht University 
for studying habits in the COVID-19 context and by the Alliance project 
HUMAN-AI funded by Utrecht University, Eindhoven University of Technology, 
Wageningen University & Research, and University Medical Center Utrecht.

Availability of data and materials
Survey data, data analysis scripts, and documents containing complete lists 
of survey questions are available at Open Science Framework (https:// osf. io/ 
4utk8/).

Declarations

Ethics approval and consent to participate
The study was approved by the Ethics Review Board of the Faculty of Social & 
Behavioral Sciences at Utrecht University (registration number: 20-0332). All 
survey respondents explicitly indicated their informed consent to participate 
in the study during the intake survey. The study was in accordance with the 
Code of Ethics of the NIP (Nederlands Instituut voor Psychologen – Dutch 
Institute for Psychologists) and we treated respondents according to the 
guidelines of the Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Psychology, Utrecht University, Utrecht, The Netherlands. 
2 Human-Technology Interaction Group at Eindhoven University of Technology, 
Eindhoven, The Netherlands. 3 Department of Public Health and Primary Care, 
Leiden University Medical Center, Leiden, The Netherlands. 4 Institute of Psy-
chology, Leiden University, Leiden, The Netherlands. 5 Department of Public 
Governance and Management, Utrecht University, Utrecht, The Netherlands. 
6 Department of Interdisciplinary Social Science, Utrecht University, Utrecht, 
The Netherlands. 7 Department of Philosophy, Utrecht University, Utrecht, The 
Netherlands. 8 Radboud University Medical Centre, Njimegen, The Netherlands. 
9 National Institute for Public Health and the Environment (RIVM), Bilthoven, 
The Netherlands. 

Received: 19 January 2022   Accepted: 25 July 2022

References
 1 World Health Organization and others. Pandemic influenza preparedness 

and mitigation in refugee and displaced populations: Who guidelines 
for humanitarian agencies. Technical report, World Health Organization. 
2008.

 2 Townsend AK, Hawley DM, Stephenson JF, Williams KE. Emerging infec-
tious disease and the challenges of social distancing in human and 
non-human animals. Proc R Soc B. 2020; 287(1932):20201039.

 3 Michie S, West R. Behaviour change theory and evidence: a presentation 
to government. Health Psychol Rev. 2013; 7(1):1–22.

 4 Houlihan S. Dual-process models of health-related behaviour and cogni-
tion: a review of theory. Pub Health. 2018; 156:52–9.

 5 Zhang C, Lakens D, IJsselsteijn WA. Theory integration for lifestyle behav-
ior change in the digital age: An adaptive decision-making framework. J 
Med Internet Res. 2021; 23(4):17127.

 6 Ajzen I. From intentions to actions: A theory of planned behavior In: Kuhl 
J, Beckmann J, editors. Action Control. Berlin: Springer: 1985. p. 11–39.

 7 Gollwitzer PM. Goal achievement: The role of intentions. Eur Rev Soc 
Psychol. 1993; 4(1):141–85.

https://osf.io/4utk8/
https://osf.io/4utk8/


Page 16 of 17Zhang et al. BMC Public Health         (2022) 22:1588 

 8 Janz NK, Becker MH. The health belief model: A decade later. Health Educ 
Q. 1984; 11(1):1–47.

 9 Aschwanden D, Strickhouser JE, Sesker AA, Lee JH, Luchetti M, Terrac-
ciano A, Sutin AR. Preventive behaviors during the covid-19 pandemic: 
Associations with perceived behavioral control, attitudes, and subjective 
norm. Front Public Health. 2021;9:662835.

 10 Barile JP, Guerin RJ, Fisher KA, Tian LH, Okun AH, Vanden Esschert KL, 
Jeffers A, Gurbaxani BM, Thompson WW, Prue CE. Theory-based behav-
ioral predictors of self-reported use of face coverings in public settings 
during the covid-19 pandemic in the united states. Ann Behav Med. 
2021; 55(1):82–8.

 11 Clemens KS, Matkovic J, Faasse K, Geers AL. The role of attitudes, 
affect, and income in predicting covid-19 behavioral intentions. Front 
Psychol. 2021; 11:3654.

 12 Czeisler M. É., Tynan MA, Howard ME, Honeycutt S, Fulmer EB, Kidder 
DP, Robbins R, Barger LK, Facer-Childs ER, Baldwin G, et al.Public atti-
tudes, behaviors, and beliefs related to covid-19, stay-at-home orders, 
nonessential business closures, and public health guidance—united 
states, new york city, and los angeles, may 5–12, 2020. Morb Mortal 
Wkly Rep. 2020; 69(24):751–8.

 13 Galasso V, Pons V, Profeta P, Becher M, Brouard S, Foucault M. Gender 
differences in covid-19 attitudes and behavior: Panel evidence from 
eight countries. Proc Natl Acad Sci. 2020; 117(44):27285–91.

 14 Lin C-Y, Imani V, Majd NR, Ghasemi Z, Griffiths MD, Hamilton K, Hag-
ger MS, Pakpour AH. Using an integrated social cognition model to 
predict covid-19 preventive behaviours. Br J Health Psychol. 2020; 
25(4):981–1005.

 15 Aarts H, Paulussen T, Schaalma H. Physical exercise habit: on the 
conceptualization and formation of habitual health behaviours. Health 
Educ Res. 1997; 12(3):363–74.

 16 Verplanken B. Psychology of Habit. Cham: Springer; 2018.
 17 Wood W, Neal DT. A new look at habits and the habit-goal interface. 

Psychol Rev. 2007; 114(4):843–63.
 18 Triandis HC. Interpersonal Behavior. Monterey: Brooks/Cole Publishing 

Company; 1977.
 19 Aarts H, Verplanken B, Van Knippenberg A. Predicting behavior from 

actions in the past: Repeated decision making or a matter of habit?. J 
Appl Soc Psychol. 1998; 28(15):1355–74.

 20 Danner UN, Aarts H, De Vries NK. Habit vs. intention in the prediction 
of future behaviour: The role of frequency, context stability and mental 
accessibility of past behaviour. Br J Soc Psychol. 2008; 47(2):245–65.

 21 Gardner B. A review and analysis of the use of ‘habit’in understanding, 
predicting and influencing health-related behaviour. Health Psychol 
Rev. 2015; 9(3):277–95.

 22 Ouellette JA, Wood W. Habit and intention in everyday life: The multi-
ple processes by which past behavior predicts future behavior. Psychol 
Bull. 1998; 124(1):54–74.

 23 Verplanken B, Aarts H, Van Knippenberg A, Moonen A. Habit versus 
planned behaviour: A field experiment. Br J Soc Psychol. 1998; 
37(1):111–28.

 24 Wood W, Rünger D. Psychology of habit. Annu Rev Psychol. 2016; 
67:289–314.

 25 Harvey AG, Armstrong CC, Callaway CA, Gumport NB, Gasperetti CE. 
Covid-19 prevention via the science of habit formation. Curr Dir Psy-
chol Sci. 2021; 30(2):174–80.

 26 Barrett C, Cheung KL. Knowledge, socio-cognitive perceptions and the 
practice of hand hygiene and social distancing during the covid-19 
pandemic: a cross-sectional study of uk university students. BMC Publ 
Health. 2021; 21(1):1–18.

 27 Hagger MS, Smith SR, Keech JJ, Moyers SA, Hamilton K. Predicting 
social distancing intention and behavior during the covid-19 pan-
demic: An integrated social cognition model. Ann Behav Med. 2020; 
54(10):713–27.

 28 Yan Y, Malik AA, Bayham J, Fenichel EP, Couzens C, Omer SB. Measuring 
voluntary and policy-induced social distancing behavior during the 
covid-19 pandemic. Proc Natl Acad Sci. 2021;118(16):e2008814118.

 29 Gollwitzer A, McLoughlin K, Martel C, Marshall J, Höhs JM, Bargh JA. 
Linking self-reported social distancing to real-world behavior during 
the covid-19 pandemic (Social Psychological and Personality Science). 
Los Angeles: SAGE Publications Sage CA; 2021, p. 19485506211018132.

 30 Ji MF, Wood W. Purchase and consumption habits: Not necessarily what 
you intend. J Consum Psychol. 2007; 17(4):261–76.

 31 Labrecque JS, Wood W. What measures of habit strength to use? com-
ment on gardner year=2015. Health Psychol Rev. 2015; 9(3):303–10.

 32 Gardner B, Abraham C, Lally P, de Bruijn G-J. Towards parsimony in 
habit measurement: Testing the convergent and predictive validity of 
an automaticity subscale of the self-report habit index. Int J Behav Nutr 
Phys Act. 2012; 9(1):1–12.

 33 Lally P, Van Jaarsveld CH, Potts HW, Wardle J. How are habits formed: 
Modelling habit formation in the real world. Eur J Soc Psychol. 2010; 
40(6):998–1009.

 34 Walker I, Thomas GO, Verplanken B. Old habits die hard: Travel habit 
formation and decay during an office relocation. Environ Behav. 2015; 
47(10):1089–106.

 35 Crawley MJ. The R Book. Chichester: Wiley; 2012.
 36 Douma JC, Weedon JT. Analysing continuous proportions in ecology 

and evolution: A practical introduction to beta and dirichlet regression. 
Methods Ecol Evol. 2019; 10(9):1412–30.

 37 Farrar DE, Glauber RR. Multicollinearity in regression analysis: the problem 
revisited. Rev Econ Stat. 1967;49(1):92–107.

 38 Lubinski D, Humphreys LG. Assessing spurious” moderator effects”: 
Illustrated substantively with the hypothesized (” synergistic”) rela-
tion between spatial and mathematical ability. Psychol Bull. 1990; 
107(3):385–93.

 39 Siemsen E, Roth A, Oliveira P. Common method bias in regression models 
with linear, quadratic, and interaction effects. Organ Res Methods. 2010; 
13(3):456–76.

 40 R Core Team. R: A Language and Environment for Statistical Computing. 
R Foundation for Statistical Computing, Vienna, Austria. 2016. https:// 
www.R- proje ct. org.

 41 Wismans A, Letina S, Thurik R, Wennberg K, Baptista R, Barrientos Marín 
J, Block J, Burke A, Dejardin M, Janssen F, et al. Hygiene and social 
distancing as distinct public health related behaviours among university 
students during the covid-19 pandemic. Soc Psychol Bull. 2020;15(4). 
https:// repub. eur. nl/ pub/ 134714/.

 42 Abraham C, Michie S. A taxonomy of behavior change techniques used 
in interventions. Health Psychol. 2008; 27(3):379–87.

 43 Aarts H, Dijksterhuis A. Habits as knowledge structures: Automaticity in 
goal-directed behavior. J Pers Soc Psychol. 2000; 78(1):53–63.

 44 Adriaanse MA, Gollwitzer PM, De Ridder DT, De Wit JB, Kroese FM. 
Breaking habits with implementation intentions: A test of underlying 
processes. Personal Soc Psychol Bull. 2011; 37(4):502–13.

 45 Gollwitzer PM. Implementation intentions: strong effects of simple plans. 
Am Psychol. 1999; 54(7):493–503.

 46 Dolan RJ, Dayan P. Goals and habits in the brain. Neuron. 2013; 
80(2):312–25.

 47 Yin HH, Knowlton BJ. The role of the basal ganglia in habit formation. Nat 
Rev Neurosci. 2006; 7(6):464–76.

 48 Gardner B, Lally P, Rebar AL. Does habit weaken the relationship between 
intention and behaviour? revisiting the habit-intention interaction 
hypothesis. Soc Personal Psychol Compass. 2020; 14(8):12553.

 49 Marien H, Custers R, Aarts H. Studying human habits in societal context: 
examining support for a basic stimulus–response mechanism. Curr Dir 
Psychol Sci. 2019; 28(6):614–8.

 50 Aarts H, Custers R. Habit, action, and consciousness In: Banks WP, editor. 
Encyclopedia of Consciousness. Amsterdam: Elsevier: 2009.

 51 Camic C. The matter of habit. Am J Sociol. 1986; 91(5):1039–87.
 52 Aarts H, Gollwitzer PM, Hassin RR. Goal contagion: perceiving is for pursu-

ing. J Pers Soc Psychol. 2004; 87(1):23–37.
 53 Gallese V, Keysers C, Rizzolatti G. A unifying view of the basis of social 

cognition. Trends Cogn Sci. 2004; 8(9):396–403.
 54 Aarts H, Dijksterhuis A. How often did i do it? experienced ease of 

retrieval and frequency estimates of past behavior. Acta Psychol. 1999; 
103(1-2):77–89.

 55 Bradburn NM, Rips LJ, Shevell SK. Answering autobiographical ques-
tions: The impact of memory and inference on surveys. Science. 1987; 
236(4798):157–61.

 56 Nisbett RE, Wilson TD. Telling more than we can know: Verbal reports on 
mental processes. Psychol Rev. 1977; 84(3):231–59.

https://www.R-project.org
https://www.R-project.org
https://repub.eur.nl/pub/134714/


Page 17 of 17Zhang et al. BMC Public Health         (2022) 22:1588  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 57 Paulhus DL. Socially desirable responding: The evolution of a construct In: 
Braun HI, Jackson DN, editors. The Role of Constructs in Psychological and 
Educational Measurement. Mahwah: Routledge: 2001. p. 61–84.

 58 Naqiyuddin FA, Mansor W, Sallehuddin N, Johari MM, Shazlan M, Bakar A. 
Wearable social distancing detection system. In: 2020 IEEE International 
RF and Microwave Conference (RFM). IEEE: 2020. p. 1–4.

 59 Yang D, Yurtsever E, Renganathan V, Redmill KA, Özgüner Ü. A vision-
based social distancing and critical density detection system for covid-19. 
Sensors. 2021; 21(13):4608.

 60 Klein MCA, Mogles N, Treur J, Van Wissen A. A Computational Model 
of Habit Learning to Enable Ambient Support for Lifestyle Change. 
In: Mehrotra KG, Mohan CK, Oh JC, Varshney PK, Ali M. (eds) Modern 
Approaches in Applied Intelligence. IEA/AIE 2011. Lecture Notes in 
Computer Science, vol 6704. Berlin, Heidelberg: Springer; 2011. https:// 
doi. org/ 10. 1007/ 978-3- 642- 21827-9_ 14.

 61 Miller KJ, Shenhav A, Ludvig EA. Habits without values. Psychol Rev. 2019; 
126(2):292–311.

 62 Psarra I. A bounded rationality model of short and long-term dynamics of 
activity-travel behavior. PhD thesis, Eindhoven University of Technology. 
2016.

 63 Tobias R. Changing behavior by memory aids: A social psychological 
model of prospective memory and habit development tested with 
dynamic field data. Psychol Rev. 2009; 116(2):408–38.

 64 Zhang C, Vanschoren J, van Wissen A, et al. Theory-based habit modeling 
for enhancing behavior prediction in behavior change support systems. 
User Model User-Adap Inter. 2022;32:389–415. https:// doi. org/ 10. 1007/ 
s11257- 022- 09326-x.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1007/978-3-642-21827-9_14
https://doi.org/10.1007/978-3-642-21827-9_14
https://doi.org/10.1007/s11257-022-09326-x
https://doi.org/10.1007/s11257-022-09326-x

	Habit formation of preventive behaviours during the COVID-19 pandemic: a longitudinal study of physical distancing and hand washing
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods1
	Aims
	Sample description
	Survey design and procedure
	Measurements
	Data analysis

	Results
	Descriptives and temporal developments of behaviour adherence, intention, and habit strength
	Predicting future behaviour adherence using intention, habit strength and their interaction
	Modelling results with frequency-based habit index
	Modelling results with behavioural automaticity


	Discussion
	Summary of findings
	Implications for public health management regarding the preventive measures
	Implications for research on habit formation
	Limitations

	Conclusions
	Acknowledgements
	References


