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Year 2020 will mark History, with the emergence of the new Covid-19 virus, and more
importantly, the consequent political decisions to apply freedom restriction at such a large-
scale. ldentifying the human behaviours during this extraordinary period represents a unique
opportunity to both improve our fundamental knowledge and to improve future management
of similar issues. Throughout almost all the duration of the French lockdown (from March 24,
2020 to May 10, 2020), we carried out an online survey on more than 12,000 individuals
well distributed over the country. This online survey was performed by using both Lime-
Survey and Google Forms services and was addressed to adults living in France. Statistical
analyses combined classical inferential approach, mapping, clustering and text mining. The
results showed that a significant part of the population moved out just before the lockdown
(around 10% of our sample) and we highlighted three different profiles of participants. The
results emphasised that the lockdown measures compliance was lower in two cases: (i) an
unfavourable living environment (referring to social and economic inequity) associated with a
high feeling of fear and a lack of trust towards Governmental measures; or (ii) the feeling that
the risk was low due to the fact that others complied with the measures. In case a similar
situation should occur again, it is recommended that Governments broadcast clear speeches
to improve trust, limit fear and increase cooperative behaviours.
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Introduction

he Covid-19 health crisis is a first of a kind situation at

every field. Never before in contemporary world’s History,

a similar situation had occurred, leading to strong political
decisions consisting of restricting human interactions through a
total quarantine, named lockdown. Even if quarantine effects had
already been studied (Brooks et al., 2020), never a similar lock-
down was applied, with a comparable duration (in general they
never lasted more than 10-15 days) and at a such scale (several
countries simultaneously). Moreover, added to its biological
characteristics, like any viral epidemic, the Covid-19 created also
a social crisis, which spread essentially due to human behaviours,
to individual perception of the situation and to our decision-
makings (Pullano et al., 2020). In this context, Human and Social
Sciences give a unique opportunity to retrospectively understand
individual decisions and prospectively improve our future human
management strategies (Bavel et al., 2020; Brooks et al., 2020;
Habersaat et al., 2020). Moreover, pending a vaccine or a specific
treatment, only behavioural measures were highlighted as effi-
cient to reduce the virus transmission, such as physical distan-
cing, face masks and eye protection (Chu et al., 2020), which even
could remove the need for a lockdown (Lopez and Rodd, 2020).
Therefore, obtaining individuals’ compliance to several recom-
mendations represents a public health objective (Lewnard and Lo,
2020, p. 19; Sheikh et al., 2020).

Based on both previous epidemic issues and the past months
regarding the Covid-19 (even if studies were not always peer-
reviewed), some lessons could be learnt regarding human beha-
viours. For instance, protective measures are much more
respected by women, old people, individuals with high anxiety
and individuals with high Government trust (Bish and Michie,
2010; Storopoli et al, 2020). Regarding the perception of the
situation, fear of the virus (Harper et al., 2020), self-estimated
vulnerability (risk to be infected (Shinan-Altman and Levkovich,
2020; van der Pligt, 1996; Xu and Peng, 2015)) and risk to develop
a severe form (Bish and Michie, 2010) increases the probability to
apply Governmental recommendations. In addition, this risk
estimation is based on self-vulnerability rather than on the
probability to infect others at-risk persons (Wise et al., 2020), and
interestingly, individuals very often made the basic mistake
consisting of perceiving oneself as less at risk than others (van der
Pligt, 1996). Even more, risk perception could be modulated using
Governmental media, leading to increased self-protective beha-
viours (Duan et al., 2020; Everett et al, 2020). A recent study
highlighted that compliance to Governmental measures was
especially linked with health beliefs (Clark et al., 2020), reinfor-
cing the conclusion that measures acceptation depends more of
situation perception than of pre-existing dispositions (Zajen-
kowski et al., 2020). In conclusion, all these facts point out that
risk perception is definitely a central element of public commu-
nication (Reynolds and Seeger, 2005).

Therefore, based upon an important online survey (n = 12,064)
started one week after the beginning of the total lockdown in
France, and stopped on the last day of the lockdown (key dates,
daily deaths and spatial deaths distribution are reported in the
Fig. 1la, b), our main aim is to identify the individual’s char-
acteristics and situation perceptions that lead to respect the
Governmental measures. To the best of our knowledge, our study
is one of the first to provide empirical data on human behaviours
captured during the lockdown, at a national scale.

Methods

Design and participants. This online survey was conducted from
March 24, 2020 to May 10, 2020, corresponding to the beginning
of the second week of the first lockdown and to its last day. We
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applied no restriction on age, gender, professional situations,
education level or other variable. The instruction only mentioned
that the online survey was more adapted to adults living in
France. The online survey was broadcast as widely as possible,
through professional and personal networks, mailing list of
associations, political parties, companies and newspapers, sug-
gesting to share the online survey with their own personal and
professional networks. The online survey mainly focused on
demography, occupations, mobility and life habits, social per-
ception, usual residency and their residency during the lockdown,
lockdown perception, feelings and willingness to change beha-
viours after the Covid-19 period. Several data were removed such
as incomplete data (not recorded), under age 18 (n =153) and
people not living in metropolitan France (i.e. Guadeloupe, Mar-
tinique, French Guiana, Réunion, Mayotte, Saint-Pierre and
Miquelon, Saint-Barthélemy, Saint-Martin, Wallis and Futuna,
French Polynesia, New Caledonia, French Southern and Antarctic
Lands) or who lived in another country during the lockdown
(n=241) to avoid important spatial and social differences.

The survey was carried out electronically with the LimeSurvey
services during the first week, then with the Google Forms to
increase access and remove limitations on number of participants.
The participants identification was not possible, through both the
web services and the obtained data. Our study complies with
ethical standards of the relevant national and institutional
committees on human experimentation. Before starting the
online survey, a statement was presented to the participant,
indicating that the data collected through the survey will remain
confidential and anonymous and could be used for scientific
publications.

French key dates. Regarding the French context, all the decisions
that have been taken were simultaneously and homogeneously
applied to all the country. The key dates were as followed (Fig.
la): on January 24, the three first European cases were identified
in France; on January 31, 220 French citizens were repatriated
from China; on February 14, the first out-Asia death due to the
Covid-19 was declared in France for an imported case; on Feb-
ruary 26, the first French death due to the Covid-19 was declared;
on March 5, the first Governmental rule appeared with the pro-
hibition of grouping of more than 5000 individuals; on March 8,
groupings of more than 1000 individuals were forbidden; the 11
March 2020, visits in retirement homes were forbidden; the 12
March 2020, first discourse of the President Macron announcing
the close of all study places, but keeping the local elections; on
March 13, grouping of more than 100 individuals were forbidden;
on March 14, all non-essential places and stores were closed until
further notice; on March 15, local elections recorded the highest
abstention rate ever recorded; on March 6, President Macron
gave his second speech comparing the situation to a “health war”
and announcing the general lockdown from March 17 at 12 a.m,;
it was planned to last two weeks, with a 135€ fine in case of non-
respect and the need to fulfil a certificate justifying any trip; on
March 23, an emergency health law increasing the Governmental
power to restrict population movement rights was voted; on
March 24, the level of 1000 deaths due to the Covid-19 was
reached; on March 27, the lockdown was extended until at least
April 15; on April 3, the level of 5000 deaths due to the Covid-19
was reached; on April 8, the level of 10,000 deaths due to the
Covid-19 was reached; on April 13, President Macron carried out
his third speech, announcing that the lockdown was extended to
May 11; on April 19, the Government started to talk about the
lockdown’s end; on April 20, the level of 20,000 deaths due to the
Covid-19 was reached; on April 28, the Government continued to
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Fig. 1 French context of the Covid-19 until the last lockdown day. Part a reports the key dates (top panel) and the officially reported daily deaths due to
the Covid-19 (bottom panel). Part b represents the percentage of the regional population who died due to the Covid-19. Part ¢ represents the residency

position for all our participants.

precise the conditions of the end of the lockdown, with an
authorisation to travel within a radius of 100 km; on May 7, the
date of the lockdown’s end planned for the 11 May was con-
firmed; the 11 May 2020, the general lockdown was put to an end.

Statistics. All statistics were carried out with the R software
(R Core Team, 2013). Inferential statistics implied Chi-squared
for 2x2 contingency tables, ANOVA for numerical variables,
partial binomial multiple regressions for bivariate variables and
partial multinomial logistic regression for categorial variables.
Partial models implied to insert several predictors in the same
model to control every effect according to the others, and thus to
control for bias. All results were associated with Cohen’s d effect
size. Cohen’s d could be interpreted as very small (d > 0.01), small
(d>0.2), medium (d > 0.5), large (d>0.8), very large (d > 1.2) or
huge (d>2 (Cohen, 2013; Sawilowsky, 2009)). All multiple
comparisons were corrected using the Bonferroni approach to
avoid incorrect null hypothesis rejection. Significant threshold
was fixed at p <0.05.

Clustering was performed using the k-means method. To
identify the optimal number of clusters, we computed models’
comparisons from 2 to 10 clusters using 24 statistics (Ball and
Hall, 1965; Beale, 1969; Calinski and Harabasz, 1974; Davies and
Bouldin, 1979; Duda and Hart, 1973; Dunn, 1974; Friedman and
Rubin, 1967; Halkidi et al., 2000; Halkidi and Vazirgiannis, 2001;
Hartigan, 1975; Hubert and Levin, 1976; Krzanowski and Lai,
1988; Marriott, 1971; McClain and Rao, 1975; Milligan, 1980;
Milligan and Cooper, 1985; Ratkowsky and Lance, 1978;

Rousseeuw, 1987; Sarle, 1983; Scott and Symons, 1971; Tibshirani
et al., 2001) and selected the median number of optimal models
reported by the statistics using Euclidean distance. Details of the
output statistics are available in the Fig. S1. The k-means
clustering apply by steps: (i) select as many individuals as
mentioned in the model (in our case, 3); (ii) each of them is
associated with the closest individual to generate a temporary
cluster; (iii) the gravity centre of the new temporary cluster is
calculated and become the new centre; (iv) each observation is
reallocated to the cluster; (v) the procedure continued until
convergence. All the details of the procedure are described in the
following publication related to the R package NbClust (Charrad
et al., 2014).

Last, text mining was performed on a free answer (“Does the
lockdown impact your life:” [“positively”; “negatively”; “no
change”], “Could you develop?”). The corpus was cleaned by
removing capital letters, additional white spaces, removing
numbers, punctuations, and basic words (e.g. “the”, “and”,
“but”, “or”). Then, the frequency of each word was calculated
for each cluster and compared between them using a variation
coefficient (VC). For each cluster, 20 words with the highest VC
and probability to be used were considered as specific.

Results

Sample description. Our sample involved 12,064 individuals.
When we compared weeks, we found an unbalanced distribution
of ages (d=0.878), socio-professional categories (d = 0.865),
regions of residency (d=0.56), education levels (d=0.504),
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home compositions (d=0.439), gender (d=0.359), types of
residency (d=0.312), and perceived salaries (d=0.153). The
sample characteristics by week are available in Table 1 and their
spatial distribution is available in Fig. 1c.

Behaviours right before the lockdown. In the days/hours pre-
ceding the lockdown, we noted that 11.7% of our participants
declared having changed of usual place residence. The reasons
were, first to be the closest possible to a family member or a friend
(76.7%), for the quality of the living environment (59.6%), to
increase the living place area (48%), to avoid over-population
(20.1%) and for an unexpected reason (4.7%). Distance between
the original and the lockdown residencies is represented in
Fig. 2a.

Regarding the distance from their usual place of residence,
13.9% remained in the same city, 14.9% in the same department,
19.7% in the same region and 51.4% further away. Interestingly,
most of the residence changing were from one type of residency
to the same (X = 35.7; p <0.0001; d = 0.318; Fig. 2b). Especially,
we found that those who live in suburban areas mainly moved to
another suburban home (p = 0.0014), as well as those living in the
countryside (p <0.0001). This was not the case for people living
in a flat, who represented the most important proportion of
people leaving their home (81.1%).

Partial logistic regression highlights that the probability to
change of residence before the lockdown was significantly
predicted by the familial organisation (Fs;12020)=51.392; p<
0.0001; d = 0.298; higher for people living in collocation or alone
with no child), professional situation (F(j¢;12020y=12.98; p<
0.0001; d = 0.208; higher for students, retired people and people
with no job), age (F(1;12020)=118.034; p<0.0001; d=0.198;
slope = —0.044), residency type (F(2,12020) = 52.152; p <0.0001;
d=0.186; higher for people living in flats inside the city),
perceived salary (F4;12020) = 6.9536; p < 0.0001; d = 0.096; higher
for people judging their life as very comfortable) and the gender
(F1;12020) = 6.447; p=0.011; d = 0.046; higher for women). No
significant association was found according to the region of
residency (F(12,12020) = 1.1535; p = 0.311; d = 0.068) or education
level (F(6;12020) = 1.894; p= 0.078; d= 0061)

Perceived situation throughout the lockdown duration. To
identify the lockdown perception, we generate k-means clustering
on the basis of several sentences and feelings related to the
situation (Fig. 3a and Table 2). Algorithms comparisons high-
lighted that generating three clusters was optimal (see Supple-
mentary Fig. 1). The first cluster (30.8% of our sample) seems to
both have positively appreciated the lockdown period and to be
concerned about the pandemic crisis. The second cluster (33.8%
of our sample) can be characterised as more pessimistic, worried,
stressed out, and less in agreement with Governmental measures
and respect of rules. The third cluster (35.4% of our sample)
seems not to be affected by the situation, hence not worried for
itself or close relations. Throughout the course of these three
profiles (Fig. 3b), we observed a decreased proportion of the
cluster 1 (F(1,12062) = 45.449; p <0.0001; d = 0.123), an increased
proportion of the cluster 2 (F(1;12062) = 32.766; p <0.0001;
d=0.104), and no change for the cluster 3 (F;12062) = 0.6177;
p=043; d=0.014).

Regarding the clusters’ comparison (Table 3), partial multi-
nomial logistic regression highlighted significant differences on
the perceived salary (d=0.284), gender (d=0.27), education
levels (d = 0.174), type of residency (d = 0.129), home composi-
tion (d=0.128), regions of residency (d=0.123) socio-
professional categories (d=0.116), and change of residence
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before the lockdown (d =0.067). No effect of age was observed
(d =0.083).

Last, text mining highlighted discourses differences between the
three clusters (Fig. 3c). The cluster 1 takes time to experience new
activities (e.g. “refocus” [VC =87.19%], “reading” [VC = 67.13%],
“yoga” [VC=64.82%], “scrabble” [VC=056.49%], “cooking”
[VC=56.14%]) and estimated the lockdown as a good opportunity
(e.g. “best” [VC = 80.25%], “get closer to” [VC = 74.59%)], “essential”
[VC = 64.24%)]). The cluster 2 referred more to negative feelings (e.g.
“depression” [VC=135%], “anger” [VC=127.65%], “worry”
[VC =102.19%], “boredom” [VC = 83.51%], “fear” [VC = 82.12%)])
while the cluster 3 enjoyed continuing their activities in a
quieter environment (e.g. “noise” [VC=101.29%], “peaceful”
[VC=62.75%], “break” [VC=59.32%], “read” [VC =68.46%],
“gardening” [VC=6241%], “spring” [VC=60.52%], “games”
[VC=56.31%], “appreciate” [VC = 53.44%]).

After the lockdown, hope for a new world? Last, we investigated
to know if the lockdown was perceived as a way to change habits
and lifestyle in our three clusters. Using partial multinomial
logistic regression, we identified that the main differences
between our three clusters were for the “change the vision of
others” (X =240.78; p<0.0001; d=0.282; slope Cluster
1 =2.19%; slope Cluster 2 =1.26%; slope Cluster 3 = —3.45%)
and “get closer from relations” (X = 214.38; p < 0.0001; d = 0.267;
slope Cluster 1 =1.87%; slope Cluster 2 = 0.78%; slope Cluster
3 = —2.66%), followed by “change my life habits” (X = 48.95; p <
0.0001; d=0.127; slope Cluster 1=1.36%; slope Cluster
2 =0.05%; slope Cluster 3= —1.4%) and “change my eating
habits” (X = 28.77; p < 0.0001; d = 0.098; slope Cluster 1 = 0.95%;
slope Cluster 2 = —0.15%; slope Cluster 3 =—0.79%). No sig-
nificant effect was found for the sentence “change my travel
habits” (X = 5.42; p =0.066; d = 0.042; slope Cluster 1 = 0.33%;
slope Cluster 2 = 0.15%; slope Cluster 3 = —0.48%).

Discussion

Spatial mobility before the lockdown. Based on our online
survey, several lessons on human behaviours could be obtained.
First, while population movement control was already associated
with a high decrease of covid-19 transmission (Bi et al., 2020;
Chinazzi et al., 2020; Pullano et al., 2020; Tian et al., 2020; Wells
et al,, 2020; C. Zhang et al., 2020; R. Zhang et al., 2020, p. 19), we
reported that more than 10% of our participants changed of
residence specifically in the lockdown prevision. If almost 29%
moved in proximity (same city or department), the rest of them
moved further away, contributing to the virus spreading in the
country (Duque-Calvache et al., 2020). Equivalent results were
reported in France, from the French statistics and economic
studies administration (INSEE, 2020) and by using mobile phone
trajectory reconstruction (Pullano et al,, 2020). In Italy, like our
results, spatial mobility was found higher in both younger and
older people, for people who can work from home and for people
living in a non-family household (Duque-Calvache et al., 2020).
This was possible since the total lockdown was announced one
day before its enforcement. Even if this decision to delay the
lockdown made the prognostic worst, it probably improved the
lockdown acceptance by a part of the population.

Three ways to perceive the lockdown. We identified three par-
ticipants profiles based on their situation perception. The first one
reported the highest lockdown measures acceptance associated
with, on the one hand, a significant concern about the covid-19, on
the other hand, a satisfaction since the lockdown was an oppor-
tunity to re-focus on itself and relations (e.g. “refocus”, “reading”,

7, “essential”). However, the proportion of individuals

“get closer to”,
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Table 1 Participants description for each lockdown weeks.

Week Main effects
2 3 4 5 6 7 8
N 3358 2965 1401 666 1890 586 1198
Gender (female) 63.5% 78% 72.4% 72.2% 53% 73% 69.9% X=390.2; p<0.0001; d=0.359
Age? X=22929; p<0.0001; d=0.878
18-19 1.4% 2.8% 0.1% 1.5% 0.5% 1.2% 1.3%
20-29 25.6% 40.7% 20.6% 14.3% 10.2% 6.8% 9.9%
30-39 24.9% 20.5% 25.1% 17.6% 12.5% 10.9% 13.7%
40-49 18% 14.7% 18.3% 23.7% 16.7% 13.3% 12%
50-59 15.8% 11.9% 16.1% 23.6% 19.2% 13.7% 14.5%
60-69 10.2% 6.3% 12.1% 14.6% 24.1% 31.2% 24.7%
70-79 3.6% 2.8% 6.4% 4.4% 14.8% 19.8% 20%
80-89 0.5% 0.3% 1.3% 0.2% 1.9% 3.1% 3.7%
90-99 0% 0% 0% 0.3% 0.1% 0% 0.1%
Education levelb X=669.6; p<0.0001;, d=0.504
Without diploma 0.4% 0.8% 0.3% 0.8% 0.6% 1.4% 1.2%
Junior school certificate 0.9% 0.9% 0.7% 0.7% 1.2% 5.1% 3%
Youth Training 2.9% 5.4% 2.5% 2.8% 3% 9.3% 7.3%
High school diploma 6.3% 7.8% 4.4% 4.8% 8.7% 15.3% 14.4%
Diploma of Higher 1.1% 13.4% 8.8% 10.7% 14.6% 18.3% 15.6%
Education
Bachelor's degree 15.9% 25.5% 21.4% 27% 25% 19.7% 16.8%
Master's degree and more 62.6% 46.2% 61.9% 53.2% 46.9% 30.8% 41.7%
Socio-professional category X =2255.8;, p<0.0001; d=0.865
Students 12.5% 24.2% 11.9% 9.9% 4.8% 3.1% 5.7%
Homemaker 0.5% 1.3% 1% 0.9% 0.9% 1.7% 1%
Retired 9.7% 7% 14.5% 13.8% 33.4% 51% 43.3%
Unemployed 4.2% 4.9% 5.3% 2.6% 4.4% 2.7% 2.9%
Farmer 0.2% 0.1% 0% 0% 0.1% 0.3% 0%
Worker 0.5% 1% 0.2% 0.6% 0.2% 0.3% 0.2%
Employee 14% 17.7% 11.5% 9.3% N% 11.8% 9.2%
Craftsperson 2.8% 5% 3% 6.6% 3.4% 2.7% 1.9%
Intermediate occupation 6.6% 7.6% 6.9% 9.8% 7.6% 4.3% 5.8%
Executive 48.4% 30.7% 45.3% 46.2% 34% 21.3% 29.6%
Others 0.7% 0.5% 0.5% 0.3% 0.4% 0.7% 0.4%
Home composition X =1582.2; p<0.0001; d=0.439
Alone 22.7% 23.4% 23.4% 20.1% 21.5% 27.1% 29.4%
Alone with child(ren) 5.5% 5.6% 6.3% 8.7% 6.1% 7.2% 3.8%
With partner 31.4% 26.8% 33.9% 31.1% 39.7% 41.5% 42.7%
With partner and child 29.3% 24% 28.1% 32.6% 26.6% 18.9% 18.6%
(ren)
With family 6.4% 13.2% 3.4% 5% 3.5% 3.8% 3.3%
Colocation 4.8% 6.9% 4.9% 2.6% 2.5% 1.5% 2.3%
Region of residency X =947.1; p<0.0001; d=0.560
Auvergne-Rhéne-Alpes 17.3% 9.5% 9.2% 11.9% 16% 14.2% 12.4%
Bourgogne-Franche- 1.4% 1.8% 1.9% 2.3% 2.8% 2.7% 2.4%
Comté
Bretagne 3.2% 2.9% 3.4% 6.6% 4.7% 9.4% 3.3%
Centre-Val de Loire 1.9% 3.7% 2.1% 2.7% 3.2% 2.9% 4.2%
Corse 0% 0.3% 0.1% 0.2% 0.2% 0.2% 0.7%
Grand Est 3% 3.6% 4.2% 3.6% 3.8% 1.1% 7%
Hauts-de-France 3.3% 3.4% 3.6% 41% 3.7% 3.8% 4.1%
fle-de-France 47.2% 44% 49% 33.6% 30.7% 22.9% 35.6%
Normandie 1.4% 1.7% 1.4% 1.8% 3.4% 3.2% 1.6%
Nouvelle-Aquitaine 3.5% 5.4% 3.2% 7.8% 7.9% 8.4% 9.8%
Occitanie 6% 6.1% 8.4% 6.6% 9.2% 6.8% 7.8%
Pays de la Loire 7.3% 4.3% 51% 1% 7.6% 10.6% 5.8%
PACA 4.5% 13.2% 8.3% 8% 6.8% 3.9% 53%
Type of residency X =294, p<0.0001;, d=0.312
Town building 55.9% 54.1% 60.4% 42.5% A% 35.7% 43.7%
Suburban 33.2% 32.7% 31.3% 41% 40.9% 45.9% 41.2%
Countryside 10.8% 13.3% 8.3% 16.5% 18.1% 18.4% 15.1%
Perceived salary X=70.2; p<0.0001; d=0.153
Very difficult 1.8% 2.4% 1.2% 2.4% 2.3% 3.6% 1.6%
Difficult 4.8% 6.9% 4.9% 5% 5.4% 5.3% 4.4%
Mixed 30.5% 33.5% 28.1% 29.3% 29.4% 30.7% 30.1%

| (2021)8:81] https://doi.org/10.1057/541599-021-00749-2



ARTICLE

Table 1 (continued)

Week Main effects
2 3 4 5 6 7 8

Comfortable 51.2% 47.2% 52.4% 49.8% 50.9% 50.2% 52.8%

Very comfortable 11.7% 10.1% 13.4% 13.5% 2% 10.2% 1.1%

a18-19 years old were not included in the statistic.
bStudents were not included in the statistics.

The significant post-hoc using Bonferroni correction for over-representation is shown as bold values and under-representation is shown as italic values.

Fig. 2 Population movements during the hours preceding the lockdown. Part a represents the distance between the usual residence and the lockdown
residence. The yellow part of the line represents the departure, the red part the arrival. Part b represents the change of residence type before the lockdown
in percentage. The left part represents the usual residence and the right part the lockdown residence.

corresponding to this group decreased progressively through time.
The two others tended to less apply the lockdown measures. For
cluster 2, this tendency could be explained by a perception of the
situation as a punishment (i.e. “I feel like I am losing my freedom”
Z-score = 0.528), even if they were highly worried by the covid-19
for themselves (i.e. “I feel safe” Z-score =-0.563) more than for
their close relations (ie. “I am afraid of infecting others” Z-
score = 0.058). In addition, they were the group with the lowest
satisfaction regarding the Governmental measures (Z-score=
—0.333), a variable which was found as significantly associated
with adoption of preventive behaviours (Storopoli et al., 2020).
Unlike the first cluster, the proportion of our sample corre-
sponding to this cluster progressively increased with the lockdown
duration. This group corresponds to previous observations
regarding frustration, boredom and sense of isolation due to
quarantine (Brooks et al., 2020; Martarelli and Wolff, 2020),
already identified as decreasing quarantine compliance (DiGio-
vanni et al., 2004; Maunder et al., 2003). The last group (cluster 3)
also presented a lower measures application, but for different
reasons. They reported less worried for themselves (i.e. “I feel safe”
Z-score = 0.469) and their relations (i.e. “I am worried about my
close relation” Z-score = —0.669) and estimated that the Govern-
mental measures were enough (i.e. “I estimate that the Govern-
mental measures are enough” Z-score = 0.127). Interestingly, if
they estimated to less apply the lockdown measures (i.e. “I respect
the lockdown measures” Z-score = —0.053), they also estimated
that others respected more (ie. “I think the others respect the
lockdown measures” Z-score = 0.134). These characteristics con-
verge to the hypothesis that this group had the feeling not to be
affected by the virus nor by the Governmental measures. Put
together, our three groups allow us to highlight several lessons on
human behaviour during this pandemic period.

6

The lockdown highlighted pre-existing social inequality. In the
past as for during the covid-19 lockdown, several studies focused on
socio-demographic predictors of measures compliance, with quite
opposing results since they found (Carlucci et al., 2020; Murphy
et al., 2020; Taylor et al., 2008) or not predictors (Bolarinwa et al.,
2020). Our results are more in favour of an effect of the living
environment, especially highlighted by the differences between the
second and third clusters. For the cluster 2, we observed an over-
representation of individuals living in fle-de-France (which includes
Paris, the most expensive place in France), which perceived their
purchasing power as insufficient, was more unemployed and lived in
city flats. For cluster 3, we found an over-representation of high-
graduate people, with comfortable quality of life, who changed of
residence just before the lockdown to leave the cities, and their
proportion was stable during the lockdown. Therefore, these profiles
highlighted not demographics or psychological weakness, but more
social and economic inequality (Bavel et al, 2020; Chung et al,
2020). This is in line with several observations that highlighted the
need to especially consider people of low socio-economic status
(Patel et al., 2020). Indeed, socio-economic situation contributes to
increase both negative outcomes due to the situation such as loss
employment or risk to develop mental health issues (Nicola et al,
2020; Patel et al., 2020; Serrano-Ripoll et al., 2020), but also risk of
being infected (Holuka et al.,, 2020; Koh, 2020; Patel et al., 2020).
This point is especially relevant and emphasises pre-existing
inequality since the French Government guaranteed income (one
of the most important aspects to obtain measure acceptance (Bodas
and Peleg, 2020)) to the main part of the population.

Situation perception, a matter a risk valuation. However, even if
clusters 2 and 3 are significantly different, they both respected less
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Fig. 3 Participants profiles during the lockdown. Part a represents the details of the three generated clusters of participants for the 16 sentences (1-16)
and 8 feelings (17-24) used to perform k-means clustering (the details of sentences and feelings are available in the Table 2; errors bars correspond to the
95 confidence interval). Part b represents the proportion of participants corresponding to each cluster for all lockdown day and their tendency (significant
only for clusters 1 and 2). Part ¢ represents the 10 most specific words used by the three clusters.

the lockdown measures than the first cluster. We can assume that
they both computed an unbalanced ratio between the perceived risk
and the cost-effectiveness of the lockdown which could lead to fear,
representing one of the most shared feeling during the pandemic
crisis (Aslam et al,, 2020). As well known, fear could lead to the
highest measure compliance when they are perceived as efficient
(Bavel et al., 2020; Carlucci et al., 2020; Harper et al., 2020; Witte and

Allen, 2000), representing a solution to the Covid-19 situation
(Ahorsu et al.,, 2020). For example, risk-averse attitudes were high-
lighted as a relevant factor to adjust behaviours, even before Gov-
ernmental measures (H. F. Chan et al., 2020; Pullano et al., 2020).
However, fear is also associated with increased risky decision-
making (Hartley and Phelps, 2012; Yang et al, 2018), which is
reinforced in specific contexts of uncertainty or ambiguity (Reintjes
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Table 2 Lockdown perception for the three generated clusters.
Cluster 1 Cluster 2 Cluster 3 Main effects

(a) Sentences

Safety and virus spread

1. | am afraid of being contaminated by others [0.454;0.511] [0.182;0.236] [—0.646,—0.593] d=1.068
2. | am afraid of infecting others [0.517;0.575] [0.030;0.085] [—0.558,—0.504] d=0.977
3. | feel safe [0.052;0.110] [—0.591,—0.536] [0.442;0.496] d=0.959
4. | think | will be infected [0.248;0.309] [0.136;0.195] [—0.429,—0.372] d=0.628
Worry for close relation

5. I am worried about my close relation [0.475;0.530] [0.216;0.269] [—0.695,—0.643] d=1172
6. | get more news from my close relation [0.403;0.464] [—0.165,—0.106] [—0.276,—0.219] d=0.612
Measures' respect

7. | feel like | am losing my freedom [—0.222,—-0.162] [0.499;0.556] [—0.366,—0.310] d=0.827
8. | estimate that the Governmental measures are enough [0.189;0.252] [—0.363,—0.303] [0.098;0.156] d=0.497
9. | respect the lockdown measures [0.139;0.203] [—0.131;—0.069] [—0.083;,—0.023] d=0.234
10. | think the others respect the lockdown measures [—-0.038;0.026] [—0.165,—0.104] [0.104;0.164] d=0.225
Situation adaptation

11. | am bored, | find the time long [—0.201,—0.143] [0.561,0.616] [—0.440,—0.386] d=0.959
12. | take the time to discover new leisure activities [0.552;0.611] [—0.432;,—0.375] [—0.147;—0.092] d=0.886
13. | adapt myself to the situation [0.295;0.354] [—0.584,—-0.528] [0.223;0.278] d=0.870
14. | have plenty to take care of [0.251;0.310] [—0.564,—0.507] [0.241;0.296] d=0.829
15. | surprise myself [0.513;0.573] [—0.226,—0.169] [—0.311,—0.256] d=0.781
16. | think the others are bored [—-0.020;0.043] [0.202;0.262] [—0.261,—0.202] d=0.394
(b) Feelings

Negatives

17. Worry [0.376;0.425] [0.521;0.568] [—0.892,—0.847] d=1692
18. Stress [0.164;0.215] [0.638;0.686] [—0.822;—0.775] d=1582
19. Sadness [0.041;0.096] [0.578;0.631] [0.664,—0.613] d=1214
20. Anger [—0.059,—0.001] [0.555;0.609] [—0.557,—0.504] d=1.045
Positives

21. Joy [0.326;0.383] [—0.655,—0.600] [0.265;0.319] d=1.006
22. Calmness [0.141;0.199] [—0.600,—0.544] [0.373;0.427] d=0.925
23. Optimism [0.291;0.350] [—0.585,—0.529] [0.227;0.282] d=0.871
24. Bravery [0.285;0.348] [—0.104,—0.044] —0.234,—0.175] d=0.446
Results are given using Z-scores and 95 HDI. Cells represent a mean and 95HDI over (bold values) or under (italic values) the mean of the total sample.

et al,, 2016), such as during the lockdown period (uncertainty about
the virus spreading and severity, ambiguity regarding the relevance
of behavioural measures or mask wearing (Brand et al, 2007;
Heilman et al., 2010)). In addition, it was reported that fear could
have negative influence on preventive intentions if it was associated
with collectivism (which could be the case of our cluster 2) (F.
Huang et al., 2020). Therefore, in this point of view, the lack of
balance between the feeling of safety (low for cluster 2, mild for
cluster 1 and high for cluster 3) and the feeling that the Govern-
mental measures are enough (low for cluster 2, mid for cluster 3 and
high for cluster 1) probably contributed to the lockdown compliance
(low for cluster 2, mid for cluster 3 and high for cluster 1).

For the third cluster, if low measure acceptance was, in the past,
more associated to a lack of information and a feeling of isolation
or exclusion from the rest of the world, these reasons are of very
low probability. Like our findings, another study observed a
decreased compliance in individuals with high socio-professional
situations (Nivette et al,, 2021). We assume that they had the
feeling not to be affected since they computed as extremely weak
the probability to be exposed to the covid-19 (i.e. “I think I will be
infected” Z-score = -0.401), probability which was also decreased
by the estimation that others respected the measures well (i.e “I
think the others respect the lockdown measures” Z-score = 0.134).
We can explain this since most of the studies were based on
specific quarantine of at-risk individuals or to restrict areas
(districts or cities). Never before such an extended and unspecific
lockdown was implemented, reinforcing the basic error to believe
that others are more likely to be infected than oneself (Bavel et al.,
2020; Sharot, 2011; Wise et al., 2020). Indeed, it was reported that

8

total lockdown in France successfully decreased the burden on the
intensive care units in the most affected regions, and prevented
uncontrolled epidemics growth in the others (Cauchemez et al,
2020).

Interestingly, we also suggest that this weak infection
probability and the attribution of a specific behaviour to others
was powerful enough to remove one of the highest variables of
risk of severe form of the disease: age (Liao et al., 2020). Indeed,
we found no association between our clusters and age, or with
retired people. This result was also reported by previous study in
mainland China (Y. Huang and Zhao, 2020), Hong-Kong (E. Y.
Y. Chan et al.,, 2020) and in an international survey (Clark et al.,
2020). Decisions of this group to less apply the lockdown rules
could also refer to social and moral decision-making under
uncertainty and cooperating behaviours, which were already
presented as levers to increase people implication and acceptance
(Bavel et al., 2020). For this third cluster, we can assume that they
had a decreased lockdown respect for two main reasons. First,
since they perceived negative outcomes on others as of low
probability, reducing the relevance to strictly respect the measures
(Garcia et al, 2018; Gino et al., 2016). Secondly, since they
perceived the measures’ respect by others as higher, they
estimated as less relevant to respect them themselves, corre-
sponding to a large range of research in Psychology and
Neurosciences (Strang and Park, 2016).

Limitations. Several limitations in our study have to be addres-
sed. First, the used sample was unbalanced and involved an over-

| (2021)8:81] https://doi.org/10.1057/541599-021-00749-2



ARTICLE

Table 3 Estimated probabilities to be in one of the three generated clusters.

Cluster 1 Cluster 2 Cluster 3

N 3713 4084 4267

Gender X=219.9;, p<0.0001; d =0.27
Female 34.4% 35% 30.5%

Male 24.3% 31.3% 44.3%
Age X=20.91; p=0.182; d=0.083
18-19 25.9% 29.3% 44.7%

20-29 32.7% 30.9% 36.4%

30-39 31.5% 34.7% 33.7%

40-49 30.4% 35.8% 33.7%

50-59 29.2% 35.4% 35.4%

60-69 30.9% 35.8% 33.2%

70-79 30.8% 34.1% 35%

80-89 36.5% 33.6% 29.9%

90-99 17.2% 66.4% 16.4%

Education level X=9132; p<0.0001; d=0.174
Without diploma 33.9% 30.6% 35.4%

Junior school certificate 37.6% 33.7% 28.7%

Youth Training 43.3% 34.8% 21.9%

High school diploma 36.8% 36.9% 26.2%

Diploma of Higher Education 34.3% 35.6% 30.1%

Bachelor's degree 321% 32.4% 35.4%

Master's degree and more 27.9% 33.8% 38.3%

Socio-professional category X=40.37, p=0.004;, d=0.116
Students 28.3% 33.4% 38.2%

Homemaker 31.5% 32.3% 36.1%

Retired 32.3% 32.9% 34.7%

Unemployed 24.7% 38.1% 37.2%

Farmer 18.8% 26.8% 54.4%

Worker 39.9% 31.6% 28.5%

Employee 34.1% 35.4% 30.4%

Craftsperson 30.5% 29.5% 39.9%

Intermediate occupation 31.3% 31.9% 36.8%

Executive 31.2% 34.8% 33.9%

Others 25.5% 39.8% 34.6%

Home composition X=49.36, p<0.0001; d=0.128
Alone 28.5% 34.3% 37.1%

Alone with child(ren) 29.4% 31% 39.6%

With partner 33.2% 33.1% 33.7%

With partner and child(ren) 32.5% 32.7% 34.8%

With family 29.3% 42.9% 27.7%

Colocation 25.9% 40.4% 33.7%

Region of residency X=45.34; p=0.005; d=0.123
Auvergne-Rhone-Alpes 29.6% 32.1% 38.3%

Bourgogne-Franche-Comté 29.2% 35.7% 35%

Bretagne 27.2% 33.9% 38.8%

Centre-Val de Loire 26.7% 32.9% 40.3%

Corse 36.6% 15.7% 47.7%

Grand Est 30.9% 32.6% 36.4%

Hauts-de-France 34.5% 34.4% 31.1%

fle-de-France 32.7% 34.9% 32.4%

Normandie 29.6% 33% 37.4%

Nouvelle-Aquitaine 31% 32.8% 36.2%

Occitanie 27.6% 37.4% 35%

Pays de la Loire 30.1% 35% 34.9%

PACA 32.4% 31.9% 35.7%

Type of residency X=50.57;, p<0.0001; d=0.129
Town building 30.4% 37.3% 32.2%

Suburban 32% 31.9% 36%

Countryside 30.4% 28.5% 41.1%

Perceived salary X=244.19; p<0.0001;, d=0.284
Very difficult 24.9% 51.8% 23.3%

Difficult 21.1% 54.2% 18.7%

Mixed 30.1% 38.9% 30.9%

Comfortable 32% 30.7% 37.2%

Very comfortable 29.7% 25.6% 44.7%
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Table 3 (continued)

Cluster 1 Cluster 2 Cluster 3 Main effects
Change of residence X=13.57; p=0.035; d=0.067
No, without reception 31.2% 34.7% 34.1%
No, with reception 31.1% 32.9% 35.9%
Yes, to close relations 30.4% 31.9% 37.7%
Yes, to second home 28.6% 28% 43.3%

Bold values represent cluster of the highest probability for each variable’'s modalities.

representation of the persons with high diploma and executives.
This issue was mainly solved using partial models (logistic and
multinomial regressions) that taken into account all other vari-
ables involved in the model to control for their effects. Second, we
did not obtain data during the first lockdown week. These data
probably would have represented the most anxiogenic and most
uncertain time of the lockdown. Third, we did not record if
participants or their close relations were tested as positive to the
Covid-19. However, our objective was to identify the repre-
sentations associated to the lockdown and not to obtain medical
information. In addition, recording such an information would
have required an approval by an ethical board, which would have
led to not obtain data during a large part (and potentially the
entirety) of the lockdown.

Conclusion

To sum up, respect of the lockdown measures was mainly altered
by an unfavourable living environment (referring to social and
economic inequity), a high feeling of fear associated with a lack of
trust towards Governmental measures, and a low risk perception
which lean on the feeling that others respected the measures.
Based on our findings, we confirm observations suggesting that
compliance is more impacted by situation perception than pre-
existing dispositions (Zajenkowski et al., 2020). Governments will
have to broadcast skilled speeches (Everett et al., 2020) to increase
measures acceptance by improving trust (Fancourt et al., 2020),
limiting fear and increasing cooperative behaviours. Reaching
such an objective is crucial and could contribute to decrease the
need of future lockdown (L6pez and Rodd, 2020).

Data availability
The dataset generated and analysed during the current study is
available from the corresponding author on reasonable request.

Code availability
The codes generated to analyse the dataset are available from the
corresponding author on reasonable request.
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