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Abstract

The COVID-19 pandemic and the measures to counteract it have highlighted the role of indi-

vidual differences in evaluating and reacting to emergencies, and the challenges inherent in

promoting precautionary behaviours. We aimed to explore the psychological and cognitive

factors modulating behaviour and intentions during the national lockdown in Italy. We

administered an online questionnaire (N = 244) that included tests for assessing personality

traits (Temperament and Character Inventory; Locus of Control of Behaviour) and moral

judgment (Moral Foundations Questionnaire), alongside behavioural economics tasks

addressing different facets of risk attitude (loss aversion, risk aversion and delay discount-

ing). We then assessed the extent to which individual variations in these dimensions modu-

lated participants’ compliance with the lockdown norms. When assessing their joint

contribution via multiple regressions, lockdown adherence was mostly predicted by internal

locus of control, psycho-economic dimensions suggestive of long-sighted and loss-averse

attitudes, as well as personality traits related to cautionary behaviour, such as harm avoid-

ance, and the authority moral concern. These findings show that a multi-domain assess-

ment of the factors underlying personal intentions, and thus driving compliance with

government measures, can help predict individuals’ actions during health emergencies.

This evidence points to factors that should be considered when developing interventions

and communication strategies to promote precautionary behaviours.

1. Introduction

The COVID-19 outbreak compelled the sudden implementation of measures restricting free-

dom of movement and social interactions. Several countries worldwide put in place ad hoc

norms [1], with different degrees of restrictions ranging from the strong recommendation to

avoid crowded places to specific social distancing rules and strict lockdown, depending on the

local spread of the contagion and political decisions [2].

Regardless of the severity of their actions, all governments have faced the need of efficiently

communicating the risk of infection and its consequences [3, 4]. Italy, for instance, first tackled
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this issue when the country entered a national lockdown in early March 2020 as the number of

new infections and deaths dramatically increased [5]. The challenge continued in subsequent

pandemic waves, during which restrictions had to be introduced according to the risk of virus

transmission in different regions of the country. This extraordinary situation highlighted the

pitfalls of risk communication as an effective tool for raising awareness [6] and increasing

compliance in the population [7]. Knowing the severity and probability of adverse outcomes is

indeed crucial for appropriate behavioural adjustments, particularly in complex choice settings

involving others’, besides one’s own, welfare, and entailing prosocial and moral considerations

[8]. Several factors might thus influence risk assessment in different contexts [9], such as the

illness or death of a loved one, trust in governmental and scientific institutions, personal

knowledge and one own’s set of values and beliefs [10, 11]. The uncertainty of the future and

the unpredictability of events, linked to the virus mutations and the consequent measures to

limit its spread, have led the population to manifest anxiety and stress-related behaviours [12,

13], such as the unprecedented episodes of panic buying [14, 15]. All these factors are likely to

increase people’s difficulties in assessing potential risks [16, 17], and thus in implementing

appropriate behaviours to counteract them.

Emergencies, such as the current COVID-19 pandemic, prompted behavioural scientists to

examine people’s actual choices in the face of potential consequences and to evaluate the effec-

tiveness of strategies aimed at encouraging adaptive behaviour [18]. Behavioural economics

offers tools and insights to investigate individuals’ choices, and promote desired behaviours,

even in extraordinary contingencies in which the lack of consistent data (e.g., about the actual

risk of contagion) represents a challenge for people’s ability to make choices by weighing indi-

vidual dispositions and external pressures [19–23]. In the acute lockdown stage, the beha-

vioural effects of the well-known human biases in judgment and decision-making [24, 25]

might thus be heightened by the need to filter an unprecedented amount of incoming informa-

tion from multiple, often contradictory, sources [26]. Even more than in other choice settings,

in a pandemic their effect might be also modulated by the awareness of the consequences of

one’s own actions on others’ welfare [27]. A sense of “social responsibility” inherent in choices

aimed to preserve others, besides oneself, is thus expected to amplify individual differences in

decision-making under risk through the modulation by ethical and moral considerations [28].

The endogenous variables shaping the impact of perceived risk on decision-making, and

thus possibly modulating behavioural responses to emergency situations and disaster pre-

paredness, include individual dimensions defined by the sense of control over events (Locus of

control; [29]), moral dispositions (Theory of Moral Foundations [30–34]) and personality

traits [35, 36]. In particular, an internal locus of control appears to buffer COVID-related stress

[37] and mental burden [38], additionally promoting medication compliance and health-

related behaviour [39, 40]. Previous evidence on the relation between COVID-19 disease con-

cern and sensitivity to moral wrongdoing [41] suggests that adherence to containment mea-

sures is also driven by moral values [42]. Finally, personality traits have been shown to reflect

adaptive decision-making drivers such as obtaining rewards, avoiding punishments, and man-

aging uncertainty. Indeed, previous neuroeconomic studies have often used the Temperament

and Character Inventory (TCI) to investigate the relationship between choice behaviour and

temperamental dimensions [43, 44]. All these variables can be expected to modulate the cogni-

tive processes underlying the detection, management, and resolution of typical decisional con-

flicts such as risk vs. certainty [45], positive vs. negative consequences [17], immediate vs.

delayed utility [46], and utilitarian vs. prosocial considerations [47, 48].

An emergency scenario having global health consequences is likely to increase the role of

endogenous factors in determining people’s propensity to prioritize public interests above per-

sonal risk assessments [49, 50]. Unveiling the psychological and cognitive precursors of the
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adherence to lockdown might thus provide useful indications for implementing interventions

and communication strategies by scientific and political institutions [18]. With the aim of

extending our previous evidence on the role of personality traits and moral dispositions in

modulating lockdown adherence [51], here we collected measures related to locus of control,

risk attitude (risk aversion and loss aversion) and intertemporal preference (delay discount-

ing). Based on previous evidence, we hypothesized that higher levels of compliance with con-

tainment measures would be related to a cautious [36] and long-sighted attitude [52, 53],

alongside an internal locus of control [54] and a moral disposition towards compliance with

the rules and social responsibility [55].

2. Materials and methods

2.1 Participants

The initial sample included 269 participants who joined the survey between March 30th and

May 1st, 2020, i.e., in a time window ranging from one week after the start until the end of the

full national lockdown in Italy. Since twenty-five participants were excluded for incomplete

data, the final sample includes 244 participants (189 females; mean age = 33.05 ± 13.51 years,

range: 18–82). Students accounted for 35.69% of the sample, resulting in an average education

of 16.36 ± 2.65 years. Table 1 in Results section 3.2 reports the socio-demographic characteris-

tics of the sample.

Table 1. Summary of the socio-demographic characteristics of the sample.

Gender Females 168 (68.86%)

Males 76 (31.14%)

Age Mean (standard deviation) 33.04 (13.54)

Range 18–82

Education Mean (standard deviation) 16.36 (2.65)

Secondary school 2 (0.81%)

High school 69 (28.27%)

Bachelor 54 (22.13%)

Master 94 (38.52%)

Postgraduate 25 (10.24%)

Occupation Student 88 (36.06%)

Unemployed 5 (2.04%)

Freelancer 24 (9.83%)

Employee 41 (16.80%)

Worker 2 (0.81%)

Retired 14 (5.73%)

Health care profession 16 (6.55%)

Researcher 24 (9.83%)

Seller 2 (0.81%)

Agriculture 1 (0.40%)

Other 27 (11.06%)

Housing situation Alone 31 (12.70%)

Housemate 27 (11.06%)

Partner 94 (38.52%)

Children 41 (16.80%)

Parents/siblings 93 (38.11%)

https://doi.org/10.1371/journal.pone.0262319.t001
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2.2 Study design

Data were collected via an internet-based survey administered using the online platform Lime-

Survey (https://www.limesurvey.org/en/) targeting the Italian adult population. Participants

were recruited via social networks (Facebook, Twitter, LinkedIn, Instagram) and word of

mouth. To avoid self-selection biases, invitations provided only general information without

details about the research goal and hypotheses. In particular, the first page of the questionnaire

explained that the survey aimed at assessing the relation between various individual factors

and the impact of COVID-19 on behaviour and daily habits. Participants were required to be

aged 18 or older, and native or proficient Italian speakers. By completing the survey accurately,

they were admitted to a lottery for gift-vouchers worth €12 to 17 depending on the outcome of

the psycho-economic tasks. All participants gave their informed consent before starting the

survey, by clicking on the “Agree” button placed at the bottom of the first page, and the Uni-

versity of Pavia granted ethical approval for this project. Data were collected without geo-loca-

tion and stored offline for subsequent data analyses.

2.3 Baseline predictors of compliance with the lockdown

2.3.1 Socio-demographic data. The first part of the survey aimed to collect socio-demo-

graphic data: age, gender, education, (i.e., number of years in school and highest degree), cur-

rent occupation and housing situation (i.e., living alone, with relatives or flatmates, etc.).

2.3.2 COVID-19: Attitudes and behaviours. Participants first indicated the number of

times they left home in the previous week. Then, through a visual slide ranging from 1 on the left

to 10 on the right, they rated their perceived risk of contracting COVID-19 by answering the fol-

lowing question: “How exposed do you feel, on a scale of 1 to 10, to the risk of contracting corona-

virus disease?”. Moreover, via different sliders with hidden numerical values, they reported the

likelihood of leaving their home, in the following week, for the purpose of: a) outdoor physical

activity and b) leisure. We measured these two intended behaviours since they were examples of

decisions with a good degree of individual freedom of choice, as they were not necessary or exter-

nally mandated actions (like for example purchasing essential goods or going to work). Further-

more, citizens’ behaviour in these domains was the object of great public debate both during and

after the lockdown, thus representing an ideal target for interventions/risk communication in case

of further waves of infections. Since the same question was asked in relation to the two different

purposes across the survey, the numerical value associated with the slider position was made not

visible in order to prevent subjects from keeping track of previous answers.

2.3.3 Locus of control. We assessed participants’ perception of being in control over the

outcome of their life events with the Italian translation [56] of Craig et al.’s scale [29], consist-

ing of two subscales for internal vs. external locus of control. The difference between the two

subscales was then used as a synthetic measure of internal (vs. external) locus of control.

2.3.4 Moral cognition. The Italian translation [57] of the Moral Foundation Question-

naire (MFQ; [58]) was administered to assess personal sensitivity to different aspects of moral

cognition in terms of concern for: vulnerable individuals’ harm (harm/care), fairness and

social justice (fairness/reciprocity), self-sacrifice for the group (ingroup/loyalty), obedience,

leadership, and protection (authority/respect), purity and protection from contamination

(purity/sanctity).

2.3.5 Personality. We used the Italian translation [59] of the reduced Temperament and

Character Inventory (TCI-56; [60]), including different temperament dimensions: harm

avoidance, novelty seeking, reward dependence and persistence, reflecting, respectively, beha-

vioural inhibition/punishment, behavioural activation/reward, social reinforcement/sensitivity

to social stimuli, and the tendency to maintain behaviour in extinction conditions.
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2.3.6 Temporal preferences. We used a classical experimental paradigm of intertemporal

choice [61] to assess participants’ preferences for options involving costs and benefits occur-

ring at different times. On each trial, they chose between a smaller monetary reward provided

immediately and a larger reward paid later. These two options were shown on the left and

right halves of the screen (see Fig 1). Participants played 24 trials, entailing different combina-

tions of values of the immediate reward (50, 55, 70, or 90 monetary units), delayed reward (55,

Fig 1. The figure shows example stimuli for the tasks assessing delay discounting (top), loss aversion (bottom-left) and risk aversion (bottom-right).

https://doi.org/10.1371/journal.pone.0262319.g001
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70, 90, or 110 monetary units) and delay duration (7, 30, 60, or 90 days). Choices were made

by selecting the left or right option displayed on the screen, corresponding to the immediate or

delayed reward. Participants were informed that they would be paid, with a voucher, according

to the outcome magnitude and timing of one randomly selected trial.

The degree of discounting of delayed outcomes, reflecting impulsivity vs. self-control [62],

was estimated by modelling each subject’s choices with a quasi-hyperbolic discount function,

also known as “beta-delta model” [63, 64], as described by McClure et al. [46]. This model

explains individual differences in delay-discounting by the combined action of two parame-

ters: “delta” represents the participant’s overall temporal discounting rate (i.e., their tolerance

for waiting for rewards), thus indexing a long-sighted preference; “beta” represents the present

bias, i.e., the additional amount they discount delayed rewards compared with an immediate

one. The beta parameter is thus considered to track the participant’s impulsivity, because it

represents the special value placed on the immediate, relative to the delayed, reward (when

beta< 1, all future rewards are uniformly down-weighted relative to immediate ones) [46].

2.3.7 Risk aversion. The constraints posed by online surveys, particularly regarding time

limitations and lack of supervised training and feedback to participants, do not allow to assess

risk attitude with the typical tools of behavioural economics [17, 65–67]. We thus chose to pur-

sue a simpler approach, which has been shown to provide a reliable estimate of risk attitude

[68]. Participants took part in a paid lottery with 19 trials. In each trial, they were asked to

choose between a variable safe gain or playing a lottery (by flipping a coin) for a fixed larger

sum (300 monetary units) (Fig 1). The safe gain increased across trials, in steps of 10, from 0 to

190. Participants were informed that they would be paid, with a voucher, according to the out-

come of one randomly selected trial among the accepted ones (i.e., either the safe option or the

outcome of the lottery). The individual degree of risk aversion was tracked by the switching

point between the safe and risky option along the series of trials. Risk-averse participants were

expected to prefer the safe option even when this was below 150 (i.e., the expected value of the

lottery), while risk-seekers should prefer the lottery when the safe option is 160 or higher.

2.3.8 Loss aversion. We used a similar approach to assess loss aversion, with 29 trials in

which participants chose between the status quo (i.e., the certainty of 0) and a gamble offering

equal (fixed at 50%) chances of gaining a variable number of monetary units or losing 50. The

possible gain increased across trials, in steps of 5, from 55 to 195. Again, individual differences

in loss aversion were indexed by the switching point, between the safe and risky option, along

the series of trials. While all gambles should be in principle accepted (because the expected

value of the gamble is positive), the overweighting of prospective negative outcomes inherent

in loss aversion [17] is expected to reflect in the rejection of gambles up to a gain/loss ratio rep-

resenting the individual indifference point.

2.4 Statistical analyses

We used multiple regression models to assess the contribution of socio-demographic charac-

teristics (age, gender, education), locus of control, sensitivity to MFQ Authority alongside TCI

harm avoidance and novelty seeking, and decision-making parameters, to individual varia-

tions in different dependent variables concerning COVID-related risk perception and lock-

down adherence: perceived risk of contracting COVID-19, number of times participants left

home in the previous week, as well as likelihood to leave home in the following week for the

purpose of: a) outdoor physical activity and b) leisure. We performed different tests to check

the assumptions of the multiple regressions performed for these dependent variables (see

Results 3.5, Tables 5 and 6). In all cases, Cook’s distance scores below 1 confirmed the lack of

significant outliers which may place undue influence on the model. Variance inflation factors
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(VIFs) below 2 and tolerance scores above 0.2 allowed excluding multicollinearity among vari-

ables. As shown in Tables 5 and 6, indeed, the value of the highest cross-correlation was 0.63,

and most of them were below 0.3. A Durbin-Watson score close to 2 confirmed that the values

of the residuals of multiple regression models were independent. Instead, only in the first

model (with the perceived risk of contracting COVID-19 as dependent variable) the residuals

were normally distributed (Kolmogorov-Smirnov test, p>0.2). In the other three models they

were not normally distributed (p< .05) due to a right-skewed data distribution. Importantly,

it has been shown that linear regressions are valid even for extremely non-normal data

(because they do not require any assumption of normal distribution) in sufficiently large sam-

ples, which is often the case above 100 participants [69]. Even though a sample of 244 partici-

pants is thus expected to result in reliable findings, for these three dependent variables we

performed secondary confirmatory analyses using a generalized linear model with the Tweedie

distribution, a special case of an exponential right-skewed distribution characterized by data

clustering at, or close to, zero, but otherwise continuous [70]. In these analyses we modelled

the number of times participants left home in the previous week, as well as the likelihood of

leaving home for physical activity or for leisure, as dependent variable, and the significant pre-

dictors highlighted by multiple regressions as independent variables.

3. Results

3.1 Internal consistency

Adequate reliability levels were found for all the subscales of TCI-56, MFQ and locus of con-

trol. The internal and external subscales of locus of control were associated with a good inter-

nal consistency, as indexed by Cronbach’s alpha values equal to 0.72 and 0.75. We observed a

wider range of alpha values, ranging from acceptable (0.63) to very good (0.83) reliability lev-

els, for the five domains of the Moral Foundation Questionnaire (Harm/Care: 0.69; Fairness/

Reciprocity: 0.63; Ingroup/Loyalty: 0.77; Authority/Respect: 0.74; Purity/Sanctity: 0.83). These

results are fully consistent with the alpha values originally reported by Graham et al. [71], rang-

ing between 0.65 and 0.84, and with the priority to develop items reflecting the broad scope of

each moral domain, although at the expense of internal consistency [72]. Finally, we found

consistently good alpha values for all the TCI-56 subscales: Harm avoidance (0.75), Novelty

seeking (0.73), Reward dependence (0.77), Persistence (0.76), Self-directedness (0.75), Cooper-

ativeness (0.76) and Self-transcendence (0.78). These values are in line with those reported by

the authors of the reduced TCI-56 [60].

3.2 Socio-demographic and personality variables

The sample socio-demographic and psychological data are reported in Tables 1 and 2,

respectively.

3.3 COVID-19-related attitudes and behaviours

Descriptive statistics concerning participants’ actual behaviour and behavioural intentions are

reported in Table 3.

3.4 Decision-making variables

Participants were on average loss- and risk-averse (see Table 4). In the loss aversion task, the

average switching point between accepting and rejecting the gamble corresponded to a gain-

loss ratio of 1.99 (i.e., gain = 100 and loss = 50). This value fits with a considerable literature

indicating an indifferent ratio close to 2 [17, 73]. In the case of risk aversion, the average
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switching point between the gamble and the safe option corresponded to a potential gain of 90

(gamble-safe ratio = 4.32). This means that participants started preferring the safe option

when its value was well below the gamble expected value (150, corresponding to a gamble-safe

ratio = 2 with p = 50%).

As to delay discounting, we confirmed that the dual (beta-delta) parameter model (R2 =

0.84) fits the data better than the single-parameter hyperbolic (R2 = 0.78) and exponential (R2

= 0.74) models. We found an average beta parameter < 1 (beta = 0.89), showing that the sam-

ple was biased towards sooner rewards [48].

3.5 Variables predicting adherence to lockdown

Multiple regression analyses revealed statistically significant models for all the considered

dependent variables (Tables 5 and 6): perceived risk of contracting COVID-19 [R2 = 0.124, F

(3,240) = 11.276, p<0.00001], number of times leaving home in the previous week [R2 = 0.143,

F(3,240) = 13.330, p<0.00001], likelihood to leave home for a) physical activity [R2 = 0.120, F

(6,237) = 5.401, p<0.0001], and b) leisure [R2 = 0.101, F(4,239) = 6.690, p<0.0001]. The per-

ceived risk of contracting COVID-19 was predicted by gender (higher in females) and TCI

Harm avoidance scores. The number of times participants left home in the previous week was

negatively related to an internal locus of control and MFQ Authority, and positively related to

age. The likelihood of leaving home for physical activity was positively related to the short-

term oriented delay-discounting beta parameter, and negatively related to an internal locus of

control, TCI Harm avoidance, MFQ Authority, as well as degree of loss aversion and of the

long-term oriented delay-discounting delta parameter. Finally, the likelihood of leaving home

for leisure was positively related to the short-term oriented delay-discounting beta parameter,

and negatively related to an internal locus of control, TCI Harm avoidance and the long-term

oriented delay-discounting delta parameter.

Table 2. Descriptive statistic for psychological and personality variables.

Psychological and personality variables Mean (standard deviation)

Locus of control (LCB) Internal—External -6.20 (5.71)

Moral Foundation Questionnaire (MFQ) Harm 3.86 (0.63)

Fairness 3.95 (0.49)

Ingroup 3.01 (0.81)

Authority 2.61 (0.79)

Purity 2.05 (0.97)

Temperament and Character Inventory (TCI) Harm Avoidance 24.61 (5.34)

Novelty Seeking 20.27 (4.51)

Reward Dependence 28.94 (5.94)

Persistence 28.47 (4.97)

Self-directedness 28.75 (5.18)

Cooperativeness 31.14 (4.66)

Self-transcendence 20.00 (7.39)

https://doi.org/10.1371/journal.pone.0262319.t002

Table 3. Descriptive statistics for the reported behaviour and behavioural intentions concerning the lockdown.

Behaviour and behavioural intentions Mean (standard deviation)

Left home in the previous week (number of times) 2.05 (3.86)

Perceived risk (1–10) 4.48 (2.11)

Likelihood to leave home in the next week for (0–100): physical activity 10.29 (22.61)

leisure 4.06 (14.51)

https://doi.org/10.1371/journal.pone.0262319.t003
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The table reports the significant predictors of the variance of the perceived risk of infection

(top) and number of times in which participants left home in the previous week (bottom)

based on multiple regressions. For each dependent variable, the statistical values of both the

whole model and the single predictors are reported, alongside the results of tests assessing the

assumptions for multiple regressions, i.e. presence of outliers (Cook’s distance), multicolli-

nearity (variance inflation factor (VIF) and tolerance), independence of residuals (Durbin-

Watson) and normality of residuals (Kolmogorov-Smirnov).

The table reports the significant predictors of the variance of the likelihood of leaving home

for physical activity (top) and leisure (bottom) based on multiple regressions. For each depen-

dent variable, the statistical values of both the whole model and the single predictors are

reported, alongside the results of tests assessing the assumptions for multiple regressions, i.e.

presence of outliers (Cook’s distance), multicollinearity (variance inflation factor (VIF) and

tolerance), independence of residuals (Durbin-Watson) and normality of residuals (Kolmogo-

rov-Smirnov).

These results were mostly confirmed by secondary analyses based on generalized models

with the Tweedie distribution, which is well suited for right-skewed data distributions. As

shown in Table 7, these analyses highlighted the same significant predictors resulting from

multiple regressions, with only one exception: TCI Harm avoidance was not confirmed as a

Table 4. Descriptive statistics for the decision-making variables.

Decision-making variable Median (standard error)

Loss aversion (switching ratio) 1.99 (0.056)

Risk aversion (switching ratio) 4.32 (0.188)

Delay discounting beta (short-sighted attitude) 0.89 (0.157)

Delay discounting delta (long-sighted attitude) 0.99 (0.156)

https://doi.org/10.1371/journal.pone.0262319.t004

Table 5. Multiple regression analysis.

Multiple Regression Model Independence of

residuals

Normality of

residuals

Outliers

R-

square

F

model

p-value Durbin-Watson K-S Cook’s distance

0.124 11.276 <0.00001 1.930 >0.20 all subjects<1

Standardized coefficient Effect size Collinearity

Dependent variable Predictors Beta t p-value partial eta

squared

observed

power

VIF tolerance

Perceived risk of infection Gender 0.141 2.223 0.027 0.0202 0.600 1.1078 0.903

TCI Harm Avoidance 0.129 2.026 0.044 0.0168 0.523 1.107 0.903

Multiple Regression Model Independence of

residuals

Normality of

residuals

Outliers

R-

square

F

model

p-value Durbin-Watson K-S Cook’s distance

0.143 13.330 <0.00001 1.783 <0.05 all subjects<1

Standardized coefficient Effect size Collinearity

Dependent variable Predictors Beta T p-value partial eta

squared

observed

power

VIF tolerance

Number of times left home in

the previous week

Age 0.267 4.421 <0.00001 0.075 0.993 1.025 0.976

Locus of control—

internal vs. external

-0.238 -3.975 <0.00001 0.062 0.977 1.000 0.999

MFQ Authority -0.167 -2.756 0.006 0.031 0.784 1.025 0.976

https://doi.org/10.1371/journal.pone.0262319.t005
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significant predictor of the likelihood of leaving home for physical activity and will not be dis-

cussed further.

The table reports the significant predictors of the variance of number of times in which par-

ticipants left home in the previous week (top), and likelihood of going out for outdoor physical

activity (Middle) and leisure (bottom) based on a generalized model with a Tweedie distribu-

tion. For each dependent variable, the statistical values of the single significant predictors are

reported, alongside their 90% confidence interval.

4. Discussion

The COVID-19 pandemic has highlighted the potential impact of individual actions on public

health [74]. The dynamics and consequences of the outbreak have also revealed, however, the

shortcomings of communication campaigns appearing to neglect the variety of variables medi-

ating their impact on actual risk attitudes and behaviours. In this sense, a full assessment of the

psychological elements determining lockdown adherence could considerably improve the out-

come of risk communication. We aimed at investigating how much individual differences in

locus of control, risk attitude, moral dispositions, and personality factors influenced partici-

pants’ adherence to lockdown restrictions. These variables were chosen based on previous

Table 6. Multiple regression analysis.

Multiple Regression Model Independence of

residuals

Normality of

residuals

Outliers

R-

square

F

model

p-value Durbin-Watson K-S Cook’s distance

0.120 5.401 <0.0001 2.041 <0.05 all subjects<1

Standardized coefficient Effect size Collinearity

Dependent variable Predictors Beta t p-value partial eta

squared

observed

power

VIF tolerance

Likelihood of leaving home

for physical activity

Locus of control—internal

vs. external

-0.137 -2.218 0.027 0.020 0.598 1.040 0.961

MFQ Authority -0.131 -2.128 0.034 0.019 0.563 1.015 0.985

TCI Harm avoidance -0.132 -2.122 0.035 0.019 0.561 1.046 0.957

Loss aversion -0.157 -2.547 0.012 0.027 0.718 1.028 0.973

Delay discounting—beta

(short term oriented)

0.141 2.097 0.037 0.018 0.551 1.224 0.817

Delay discounting—delta

(long term oriented)

-0.239 -3.563 <0.001 0.050 0.944 1.212 0.825

Multiple Regression Model Independence of

residuals

Normality of

residuals

Outliers

R-

square

F

model

p Durbin-Watson K-S Cook’s distance

0.101 6.690 <0.0001 2.107 <0.05 all subjects<1

Standardized coefficient Effect size Collinearity

Dependent variable Predictors Beta t p partial eta

squared

observed

power

VIF tolerance

Likelihood of leaving home

for leisure

Locus of control—internal

vs. external

-0.123 -1.97 0.049 0.016 0.502 1.039 0.962

TCI Harm Avoidance -0.141 -2.264 0.024 0.021 0.616 1.035 0.966

Delay discounting—beta

(short term oriented)

0.163 2.433 0.016 0.024 0.679 1.197 0.835

Delay discounting—delta

(long term oriented)

-0.284 -4.235 <0.0001 0.070 0.988 1.198 0.835

https://doi.org/10.1371/journal.pone.0262319.t006
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evidence of their interdependence, showing for instance a joint modulation of decision-mak-

ing by risk-aversion and harm avoidance [75], and that behavioural adaptations to emergency

situations reflect cautious [36] and long-sighted attitudes [53], but also other-regarding moral

dispositions [51, 55]. Specific combinations of these variables were indeed observed to predict

individual differences concerning the perceived risk of infection, actual behaviour and beha-

vioural intentions related to lockdown norms.

Internal locus of control, i.e. the individual perception of being in charge, through volun-

tary actions, of one’s own destiny and life events [76], was found as the most consistent princi-

pal predictor of the past and future tendency to comply with the lockdown rules. An internal

locus of control was generally predictive of both participants’ actual behaviour in the preceding

week and the intention not to leave their homes in the following one, which fits with previous

evidence of its connection with health well-being, coping and reappraisal in stressful situations

or illnesses [77–79]. Internal locus of control, especially when in health-related settings, is also

linked to higher adherence to treatments [80], and might have thus generally supported peo-

ple’s compliance with lockdown norms. In keeping with this hypothesis, internal and external

locus of control have been associated with decreased general mental distress [37] and increased

depressive symptoms [81], respectively, during the COVID-19 pandemic.

Table 7. Generalized regression analysis.

Tweedie Generalized regression model 95%

Confidence

Interval

Dependent variable Predictors B Standard Error

(B)

Wald

stat

p-value Lower Upper

Number of times left home in the previous

week

Age 0.0342 0.005 39.949 <0.000001 0.024 0.045

Locus of control—internal vs. external -0.056 0.015 14.817 <0.001 -0.085 -0.028

MFQ Authority -0.318 0.104 9.454 0.002 -0.521 -0.115

Tweedie Generalized regression model 95%

Confidence

Interval

Dependent variable Predictors B Standard Error

(B)

Wald

stat

p-value Lower Upper

Likelihood of leaving home for physical activity Locus of control—internal vs. external -0.042 0.020 4.284 0.038 -0.083 -0.002

MFQ Authority -0.301 0.144 4.355 0.037 -0.583 -0.018

TCI Harm Avoidance -0.040 0.022 3.311 0.068 -0.083 0.003

Loss aversion -0.044 0.015 9.011 0.003 -0.072 -0.015

Delay discounting—beta (short term

oriented)

0.245 0.106 5.395 0.020 0.038 0.452

Delay discounting—delta (long term

oriented)

-0.361 0.108 11.087 <0.001 -0.573 -0.148

Tweedie Generalized regression model 95%

Confidence

Interval

Dependent variable Predictors B Standard Error

(B)

Wald

stat

p-value Lower Upper

Likelihood of leaving home for leisure Locus of control—internal vs. external -0.087 0.026 11.160 <0.001 -0.138 -0.036

TCI Harm Avoidance -0.104 0.029 13.267 <0.001 -0.160 -0.048

Delay discounting—beta (short term

oriented)

0.453 0.096 22.210 <0.00001 0.264 0.641

Delay discounting—delta (long term

oriented)

-0.576 0.131 19.472 <0.00001 -0.832 -0.320

https://doi.org/10.1371/journal.pone.0262319.t007
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Along with the perceived control over one’s own life and health, the personal disposition

towards immediate or delayed outcomes played a crucial role in the compliance with COVID-

19 restrictions. This finding complements previous evidence showing that the typical devalua-

tion of delayed rewards, i.e., “delay-discounting”, also predicts health-related—and not only

economic—behaviour [52]. The strong connection between delay-discounting and impulsivity

[62], distorted time-perception and sub-optimal decision-making [82] might thus explain

why, in the present study, a short-sighted disposition predicted the intention to leave home for

both outdoor physical activity and leisure. The fact that these activities are not strictly neces-

sary is likely to reduce constraints when evaluating whether to pursue them or not, thus mag-

nifying the effect of individual differences in impulsive vs. long-sighted dispositions [62, 83].

Also moral cognition predicted participants’ disposition to respect the enforced rules of

lockdown. In particular, higher sensitivity to a moral foundation such as authority predicted

both actual past behaviour and the intention to break the confinement for outdoor sports.

Despite the fact that it does not appear to predict spontaneous prosocial behaviour [84], the

legitimacy of authority and the avoidance of sanctions represent an intrinsic forerunners of

rule compliance, especially in the face of weak reasons to act differently, like individual out-

door physical activity [51].

The intention of leaving home for physical activity was also significantly predicted by so-

called loss aversion, i.e., the overweighting of the negative, over the positive, consequences of

choices [17]. The parameters encoded in loss aversion track different facets of a typical cau-

tionary approach which is inclined to prefer the avoidance of negative consequences over the

acquisition of equivalent positive ones. This basic principle reflects the association of loss aver-

sion with brain structures driving the avoidance of potential threats via the engagement of

aversive affective reactions, such as the amygdala and insula [65, 66]. Most importantly, it pro-

vides a framework explaining why people are generally more motivated by penalty frames

[85], which are indeed more often applied, compared with reward frames, in behaviour change

strategies [86]. The present evidence suggests the effectiveness of loss aversion in modulating

behavioural dispositions in complex, real-world, decisional conflicts between oppositely

directed motivations concerning personal vs. collective health.

It is worth noting that, the perceived risk of contracting the disease was higher in women–

consistent with previous data interpreted as linked to females’ heightened sensitivity [87–89]–

and related to the harm avoidance personality trait. This temperament trait is characterized by

excessive apprehension, caution, and pessimism [90], and is typically associated with stronger

unconscious emotional reactions [91], pain perception [92] and subsequent anticipatory

avoidance behaviour, especially of settings that may lead to infection [93, 94]. This trait is also

tightly related to the Big Five Inventory neuroticism factor [75, 90, 95, 96], and high levels of

neuroticism have been shown to reflect in higher compliance with COVID-19 restrictions

[97]. In line with this evidence, the present findings showed that the heightened cautiousness

and worrying embodied in the harm avoidance personality trait predicted a decreased likeli-

hood of going out for a relatively unnecessary motive such as leisure.

Overall, these results suggest that distinct facets of the evaluations underlying decision-

making predict behavioural dispositions towards different reasons for violating the lockdown.

Moreover, they show that the notions and methods of behavioural economics provide valuable

insights concerning individuals’ behaviour during the COVID-19 pandemic, and particularly

the variables predicting their adherence to social distancing, or rather the willingness to violate

the lockdown, for several real-life motives. The present findings might thus inform public

health policies and interventions [98], as well as contribute to the development of risk commu-

nication plans tailored to different target groups in order to promote appropriate behaviours

[18]. For instance, to reduce the severe consequences of infectious outbreaks and related
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containment efforts, authorities may pursue ad-hoc prevention strategies against impulsive

behaviour, problematic personality characteristics and irresponsibility.

The findings of this online study should be considered in light of some limitations. First,

the online survey approach required simplified procedures for assessing participants’ risk atti-

tude compared to laboratory settings. Furthermore, we were unable to exclude the potential

confounding effect of clinical dimensions such as—for instance—prior history of psychologi-

cal distress or psychopathologies. While on one hand this was a forced choice during the lock-

down, on the other it also allowed a more widespread recruitment and access to a more varied

sample. Second, a potential decrease in data quality—possibly resulting in small effect sizes—

represents a typical drawback of online procedures compared to controlled experimental set-

tings; however, we addressed this possible issue by undertaking a formal assessment of the

consistency/reliability of the data generated from psychometric scales. As to the effect size, fur-

ther studies comparing online and laboratory studies on the same variables will be required to

assess whether these types of effects are inherently small or depend on other factors that are

magnified by online data collection, such as individual variability. Finally, inhomogeneous

samples are common in online surveys, and therefore cannot be considered representative of

the entire population, since they favour young adults over older people. However, while the

elderly are at the greatest danger of serious health consequences, young adults provide a highly

informative sample for our research topics. In fact, because of their greater work and social

commitments, in turn associated with greater risks of mediating untraced virus spread [99],

this group may represent an ideal target for propagating and incentivizing health habits, such

as mask use, hygienic measures and social distancing, right because of their central social role

[18] and proximity to parents and older relatives.

5. Conclusions

We highlighted a multifaceted set of psychological variables predicting the perceived risk of

contracting COVID-19, and the disposition to respect the lockdown, around the peak of the

first outbreak in Italy. Internal locus of control, temporal preference, as well as different facets

of decision-making, moral foundations, and personality traits, were shown to play a role in the

adherence to the lockdown norms. By unveiling endogenous variables predicting the perceived

risk of infection and the likelihood of violating restrictive norms, our findings provide relevant

insights that might prove useful in the future management of the pandemic and further public

health situations. In a wider perspective, the present results support the relevance of psychol-

ogy and behavioural economics measures to be used by governmental and scientific entities to

shape preventive plans and emergency interventions.
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