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Abstract

Background The stage of the pandemic significantly affects people’s preferences for (the societal impacts of) COVID-19
policies. No discrete choice experiments were conducted when the COVID-19 pandemic was in a transition phase.
Objectives This is the first study to empirically investigate how citizens weigh the key societal impacts of pandemic policies
when the COVID-19 pandemic transitions into an endemic.

Methods We performed two discrete choice experiments among 2181 Dutch adults that included six attributes: COVID-
19 deaths, physical health problems, mental health problems, financial problems, surgery delays and the degree to which
individual liberties are restricted. We used latent class choice models to identify heterogeneous preferences for the impacts
of COVID-19 measures across different groups of respondents.

Results A large majority of the participants in this study was willing to accept deaths to avoid that citizens experience
physical complaints, mental health issues, financial problems and the postponement of surgeries. The willingness to toler-
ate COVID-19 deaths to avoid these societal impacts differed substantially between participants. When participants were
provided with information about the stringency of COVID-19 measures, they assigned relatively less value to preventing
the postponement of non-urgent surgeries for 1-3 months across all classes.

Conclusions Having gone through a pandemic, most Dutch citizens clearly prefer pandemic policies that consider citizens’
financial situations, physical problems, mental health problems and individual liberties, alongside the effects on excess
mortality and pressure on healthcare.

Key Points for Decision Makers

When a pandemic transitions into an endemic, a large
majority of citizens accepts deaths to avoid that citizens
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1 Introduction

The COVID-19 pandemic resulted in an unprecedented
package of public measures. These measures also had con-
siderable impacts on economic, social and cultural life. The
policy decision-making process regarding which COVID-19
measures to implement required trade-offs about their pre-
sumed effects on COVID-19 morbidity and mortality, and
societal impacts, such as poverty and mental health issues.

Aligning decisions on COVID-19 measures with citi-
zens’ preferences can increase public support and adher-
ence [1]. Hence, during the pandemic, preference elicitation
studies, such as discrete choice experiments (DCEs), were
conducted, in which citizens were asked to choose between
policy scenarios specified in terms of societal impacts
[2-13]. Unlike regular surveys, DCEs provide information
on the relative weights citizens attach to different impacts of
measures [3]. Such quantification of the public’s acceptance
of these trade-offs could provide information to government
and public health officials [3]. For instance, it can provide
quantitative evidence regarding how much decline in mental
and financial health people are willing to accept in order to
avoid a given number of COVID-19 hospitalisations and
deaths, and identify subgroups in society with distinctive
preferences and characteristics [3].

The existing literature shows that the stage of the pan-
demic significantly affects people’s preferences for (the
societal impacts of) COVID-19 policies [4—6]. In the first
wave, four DCEs investigated how citizens trade-off societal
impacts of COVID-19 policies [3, 7-9]. A repeated observa-
tion of these studies was that people had a strong willingness
to make individual, societal or financial sacrifices in favour
of saving lives [10]. In the study of Reed et al. [3] conducted
in May 2020, most respondents were reluctant to accept
increases in COVID-19 risks and only 13% of the respond-
ents strongly preferred reopening non-essential businesses
in the short run. A DCE conducted in Germany in April
2020 [8] established that citizens found avoiding a manda-
tory tracing device and a provision of sufficient intensive
care unit capacities equally important. These two attributes
dominated all other attributes included in their study. Krauth
et al. [8] conclude that health outcomes were more important
to citizens than economic outcomes. Respondents accepted
a 20% unemployment rate for the next 2 years to prevent
an overload of intensive care unit capacities. Manapis et al.
[9] conducted a DCE in Australia in July—August 2020 and
found that, in general, policies resulting in a high death toll
were less acceptable than policies resulting in high economic
losses. Older citizens generally had a stronger preference for
reducing avoidable deaths than younger citizens. In terms
of tracking, respondents preferred mobile phone tracking or
bracelets when compared to no tracking.
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The DCEs regarding the trade-offs of societal impacts
that were carried out in the second wave of the pandemic
revealed that citizens wanted their government to strongly
focus their policies on societal impacts other than the pre-
vention of COVID-19 deaths. For instance, Miihlbacher
et al. [1] show, in a study conducted in October—-November
2020, that the economic effects of COVID-19 measures,
such as individual income decreases, had a large impact on
the preferences of German citizens for and against lockdown
scenarios. Prevention of excess mortality and a decrease in
gross domestic product were also important factors influenc-
ing citizens’ preferences.

Miihlbacher et al. [1] established that the consequences of
pandemic measures, such as excess mortality, risk of infec-
tion, a decrease in income and a decrease in gross domestic
product, had the most significant impact on citizens’ prefer-
ences. Respondents disfavoured any closures of sectors, but
curfews, contact restrictions, personal data transmissions
and mandatory masking in public had a lesser impact on
people’s preferences. The study of Sicsic et al. [11], con-
ducted in November 2020, shows that a targeted lockdown
for sectors with a high incidence of COVID-19, medically
prescribed self-isolation and restrictions in nursing homes
are likely to be accepted by French citizens when these
measures would avoid overloading intensive care units. Fil-
ipe et al. [12] conducted a DCE during the most precarious
period of the pandemic in Portugal (January—March 2021)
and found that citizens accepted strict lockdown measures
and educational disadvantages to avoid excess deaths. How-
ever, citizens were less prone to accept an increase in the risk
of a large group of citizens in poverty to avoid excess deaths.
Hence, the studies of Miihlbacher et al. [1], Sicsic et al. [11]
and Filipe et al. [12] reveal that at this stage of the pan-
demic, citizens have a high willingness to accept stringent
measures, under the condition that excess mortality can be
prevented and to avoid an overload of intensive care units. In
contrast, a study conducted in the UK in October—December
2020 [5] concluded that 80% of the respondents accepted an
increase in excess deaths for relaxations in lockdown restric-
tions. The average UK citizen was willing to accept around
14,000 excess deaths to avoid a very strict (red) lockdown.

In June-September 2021, when more and more people
received their COVID-19 vaccination, Fink et al. [13] inves-
tigated the willingness of individuals in France, India, the
USA, the UK and Italy to sacrifice a portion of their income
to avoid specific COVID-19 measures. They found that
respondents were willing to give up a significant percent-
age of their annual salary to prevent school closures and
closures of restaurants, bars and clubs. However, their study
also reveals a low willingness to pay for measures, such as
removing travel restrictions and wearing masks in public.

Given that preferences evolve during the course of a pan-
demic, the current literature recommends close monitoring
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of the dynamics of trade-offs between societal impacts of
pandemic policies [5, 7, 9]. We contribute to the DCEs that
were conducted in the early stages of the pandemic by con-
ducting a DCE in which we investigate how citizens weigh
societal impacts of pandemic policies in November 2022—a
period in time when the COVID-19 pandemic was in a tran-
sition phase (from pandemic to endemic). At this timepoint,
many citizens had experienced or observed a wide range of
societal impacts of COVID-19 prevention measures. There-
fore, this DCE could be an anchor point to inform policy
makers in the endemic phase of pandemics in general and
the COVID-19 pandemic in particular. The primary aim of
this study is to determine how citizens weigh the different
societal impacts of pandemic policies in the transition phase
of the COVID-19 pandemic.

2 Methods
2.1 Set-Up of the Experiment

In a DCE, respondents repeatedly choose between policy
options specified by a number of attributes. By observing
respondents’ choices, researchers can infer how attributes
(and levels) implicitly determine the value of the compet-
ing options for respondents [14, 15]. These results provide
insights into the relative importance individuals attach to the
societal effects of COVID-19 policies.

To select the attributes, we used the Chorus et al. [7]
study that was also conducted in the Netherlands as a start-
ing point. This study included seven attributes: COVID-19
deaths, physical injuries, mental health problems, pressure
on the healthcare system, decline in income, educational
disadvantages and a one-time COVID-19 tax. We discussed
the relevance of the seven attributes of the Chorus et al. [7]
study with members of the research team. Some of the mem-
bers of the research team had much experience of advis-
ing the government on COVID-19 policies, and based on
their input, the selection of attributes and operationalisation
was modified to better align the design of the DCE with the
information needs of policy makers. Moreover, two mem-
bers from the Societal Impact Team, an official committee
that advises the Dutch Cabinet on COVID-19 decision mak-
ing, provided feedback on our research design. Based on
these two iterations, three decisions were made.

First, it was determined that two attributes of the Chorus
et al. [7] study (i.e. ‘educational disadvantages’ and ‘the
one-time COVID-19 tax’) were not relevant at this stage
of the pandemic so they were excluded from the design.
Second, the operationalisation of some of the attributes was
rephrased to better align them with the COVID-19 situation
in late 2022. For instance, in the Chorus et al. [7] study,
‘the extent to which surgeries are delayed’ was deemed to

be a more relevant operationalisation of the pressure to the
healthcare system than ‘working pressure experienced by
healthcare workers’. We therefore decided to use the former
operationalisation.

Third, members of the SIT advised us to include ‘strin-
gency of COVID-19 measures’ as a sixth attribute in our
DCE, as they wanted to know more about the trade-offs citi-
zens make between the impacts of the COVID-19 measures
on the daily lives of citizens and the societal impacts, such
as mental health problems and the prevention of COVID-
19 deaths. We decided to provide half of our sample with
a DCE in which this attribute was included, and the other
half of our sample with a DCE in which this attribute was
excluded. The main reason for excluding this DCE for half
of our sample was the strong correlation between the strin-
gency of COVID-19 measures and the other attributes. That
is, we were worried that the realism of the DCE would be
impaired if we were to present choice tasks to respondents
in which one option would be characterized by a higher
stringency of COVID-19 measures and a lower number of
citizens with mental health issues. Opting for this split-sam-
ple design also allows us to investigate the extent to which
citizens’ trade-offs between societal impacts are affected by
providing information about the stringency of the measures
from which these impacts accrue. Henceforth, we refer to
the DCE with five attributes as ‘DCE 1° and the DCE that
includes the sixth attribute as ‘DCE 2’.

The attribute levels were selected through an analysis of
studies that investigated the impact of COVID-19 measures
[19-22] and a consultation of researchers from the National
Institute for Public Health and the Environment (see the
Electronic Supplementary Material for a detailed discus-
sion). We decided that the levels should reflect the differ-
ences between 2023 and a situation without COVID-19. For
selecting the levels for the attribute ‘additional deaths in
2023 due to the COVID-19 pandemic’, we took the esti-
mated excess mortality of 7000 citizens as a reference point
for the middle attribute (Ievel 3), for the attribute ‘additional
number of citizens with physical complaints for longer than
3 months’, we took the estimation of the RIVM that 5 mil-
lion people were infected with COVID-19 and that one
out of eight people who become infected with COVID-19
experience long-term symptoms [20] as a point of reference.
For the attribute ‘additional number of citizens with mental
complaints for longer than 3 months’, we took the finding
of Research of Statistics Netherlands [21] that the number
of people with mental problems increased by 3% during the
pandemic (which equals 450,000 people) as a point of refer-
ence for selecting the attribute levels. The selection of the
attribute levels for the attribute ‘additional number of citi-
zens who have difficulty making ends meet’ was based on a
study that the number of citizens in this category fluctuated
with 300,000 citizens in the last decade [22]. The attribute
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levels for the postponement of surgeries and the stringency
of COVID-19 measures were based on a consultation of
experts from the National Institute for Public Health and
the Environment.

Next, we conducted a pilot study. Based on the results
of the pilot survey, we decided to increase the difference
between the levels of ‘mental health issues’, as this attrib-
ute was insignificant in the pilot studies (the levels in the
pilot study were: 150,000; 250,000; 350,000; 450,000;
550,000), and to decrease the difference between the levels
of ‘to which extent should surgeries be delayed?’, as several
respondents in the pilot study non-traded on this attribute
(the levels in the pilot study were: no delays; delay of non-
urgent surgeries by 2 months; delay of non-urgent surgeries
by 4 months; delay of urgent surgeries by 2 months; delay
of urgent surgeries by 2 months).

2.2 Experimental Design

The attributes and levels presented in Table 1 were used to
construct 20 binary choice situations for each DCE. These
choice situations were constructed with a D-efficient exper-
imental design, following standard practices for DCEs in
healthcare [17]. In a D-efficient design, the attribute lev-
els of each choice situation are chosen such that the vari-
ance of the estimates of a choice model is minimised. A
D-efficient design aims to find the set of choice situations
that minimises the D-error, which is the determinant of the
variance-covariance matrix of a specific choice model (e.g.
a multinomial logit (MNL) model), given a fixed number of
choice situations and prior parameters defined by the analyst.
By doing so, D-efficient designs aim to maximise the statisti-
cal efficiency of the final model and minimise the required
sample sizes during the data collection process.

The D-efficient design of our experiment was conducted
in two stages. In the first stage, we constructed 20 choice
situations for each DCE to be used in the pilot survey using
small prior values for each attribute, with fixed signs, based
on previous studies about COVID-19 preferences. The
D-efficient design aimed to minimise the D-error of an MNL
model with linear utility functions. In addition, we imposed
conditions a priori to the experimental design to rule out
strictly dominant and dominated alternatives in a choice situ-
ation, as such alternatives may provide no relevant infor-
mation about respondents’ trade-offs for attributes, thereby
jeopardising the statistical efficiency of the final model (e.g.
if the measures have a higher impact on people’s daily lives,
the number of deaths and complaints will move to lower lev-
els). In the second stage, we used the responses to the pilot
survey to estimate a MNL model, and we used the resulting
estimates as priors to construct the final set of 20 choice
situations for each DCE with the attribute levels presented
in Table 1, keeping the same restrictions to avoid dominant
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or dominated alternatives. Figure 1 provides a screenshot
of one of the choice situations. All experimental designs
were constructed using Ngene, a software programme for
constructing experimental designs for DCEs.

An important criterion for avoiding hypothetical bias in
a DCE is that respondents must feel that their choices might
potentially have consequences in real life, which is called
‘consequentiality’ [16]. We aimed to secure consequential-
ity by (truthfully) informing respondents that the outcomes
would be shared with policy makers at relevant Ministries.

2.3 Data Collection

The respondents to the DCE were recruited from an Internet
panel of Dynata between 24 November and 12 December,
2022, with a view to being representative of the Dutch adult
population with regard to gender, age and education. We
also asked Dynata to ensure that we had at least 30 respond-
ents in all combinations of gender (two groups), age (three
groups) and education (three groups). Our study protocol
was approved by the Human Research Ethics Committee
of TU Delft [Nr. 2583]. To gain insight into preference het-
erogeneity regarding (impacts of) the COVID-19 measures,
amongst other things, we collected information about soci-
odemographic characteristics (e.g. gender, age, education),
the intention to take the COVID-19 vaccine and the per-
ceived risk of COVID-19. The full list of questions can be
found in the ESM. When we conducted our study, around 15
citizens were being hospitalised per day and no COVID-19
measures were in place, except for the advice to take a self-
test in the case of having COVID-19 symptoms, to isolate
in the case of a COVID-19 infection and to obtain a booster
vaccination.

2.4 Statistical Analysis

The statistical analyses of this paper were conducted using
a latent class (LC) choice model. In a LC choice model,
the analyst assumes that the population is segmented in C
classes. In turn, each class c is characterised by its own set
of preferences, represented by a utility function with class-
specific preference parameters. For reasons of succinctness,
a complete detail of the behavioural framework of the LC
choice models is presented in the ESM.

The estimated parameters of the LC choice model allow
the analyst to describe each class in terms of their prefer-
ences for COVID-19 and their sociodemographic character-
istics. Regarding the preferences, we compute the marginal
utility associated with each COVID-19 impact. Furthermore,
we use the marginal utilities to compute the marginal rates of
substitution between COVID-19 deaths and other attributes.
The marginal rates of substitution provide a measure of the
willingness to tolerate COVID-19 deaths in order to avoid
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Table 1 Attributes and their levels included in the DCE

Coding Levels
Additional deaths in 2023 because of the COVID-19 pandemic Numeric 4000

5500

7000

8500

10,000

Additional number of citizens with physical complaints longer than 3 months Numeric 150,000
in 2023 because of the COVID-19 pandemic 250,000

350,000

450,000

550,000

Additional number of citizens with mental health issues longer than 3 Numeric 150,000
months in 2023 because of the COVID-19 pandemic 300,000

450,000

600,000

750,000

Additional number of citizens who have difficulty making ends meet in 2023 Numeric 0
because of the COVID-19 pandemic 150,000

300,000

450,000

600,000

Will surgeries have to be postponed in 2023 because there are many COVID- Categorical There is no need to postpone surgeries (baseline
19 patients in hospital? (effects coding)  level)

Hospitals have to postpone some surgeries by
about 1 month. This applies only to surgeries
that are not so urgent, such as knee surgeries
and cataract surgeries

Hospitals have to postpone some surgeries by
about 3 months. This applies only to surgeries
that are not so urgent, such as knee surgeries
and cataract surgeries

Hospitals have to postpone some surgeries by
about 5 months. This applies only to surgeries
that are not so urgent, such as knee surgeries
and cataract surgeries

Hospitals postpone surgeries that are not as
urgent (such as knee surgery and cataract
surgery) by about 5 months. Some surgeries
that are urgent but not life threatening, such
as some heart surgeries, are also postponed by
about 1 month

Are there any COVID-19 measures taken that will affect the daily lives of Categorical There are no measures that affect our daily lives

citizens in 2023? (only in DCE 2)

(effects coding)

(baseline level)

The measures have minor effects on our daily
lives. For example, the compulsory use of a
face mask in the supermarket and on public
transport

The measures affect our daily lives. For exam-
ple, the compulsory use of a face mask and
taking a COVID-19 test to go to concerts and
sports events

The measures have big implications for our
daily lives. For example, fewer people are
allowed in a restaurant or café

The measures have very big impacts on our
daily lives. For example, nightclubs, restau-
rants and cafes have to close

DCE discrete choice experiment
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Additional number of people dying in 2023

Additional number of people that suffer from physical
health issues for longer than 3 months in 2023

Additional number of people that suffer from mental
health issues for longer than 3 months in 2023

Additional number of people who don’t have enough
money to live on in 2023

Do hospitals have to postpone surgeries in 2023?

Does the government take measures in 2023 that have
consequences for our daily lives?

s

Approach1

7.000

350.000

150.000

150.000

Hospitals have to postpone some surgeries for
about three months. This happens only if surgeries
aren’t urgent, for instance, with knee surgeries and

cataract surgeries.

The measures have small consequences for our
daily lives. For instance, wearing a face mask in the
supermarket and in public transport.

(" )

Approach 2

4.000

350.000

750.000

450.000

Hospitals have to postpone some surgeries for
about three months. This happens only if surgeries
aren’t urgent, for instance, with knee surgeries and

cataract surgeries.

The measures have consequences for our daily
lives. For instance, wearing a face mask and
needing a corona test before being allowed to go
to a concert or an athletic competition.

-

Choose this approach

Choose this approach

N J

Fig. 1 Example of a choice task of discrete choice experiment 2

other attributes. The ESM provides a detailed description on
how the marginal utilities and marginal rates of substitution
are calculated.

We estimate LC choice models using one (i.e., a MNL
model) to six classes in DCE 1 and one to four classes in
DCE 2. Following standard practices, the optimal number
of classes of the LC choice model was selected based on
the best model in terms of its Bayesian Information Crite-
rion, without including covariates in the class membership
function.

Table 2 presents the log-likelihood, the Bayesian Infor-
mation Criterion and number of estimated parameters of
the LC choice models to identify the optimal number of
classes for each experiment. For DCE 1, a three-class LC

choice model is the optimal model. For DCE 2, the Bayes-
ian Information Criterion dictates that a two-class model
was the optimal model. However, we decided to use the
three-class model for this experiment because this model
provides better interpretability of each population group
and the differences between Bayesian Information Crite-
rion Values were only 34 points.

All models are estimated using Apollo, a statistical
package for choice modelling for the R programming lan-
guage. We also estimated a conventional MNL model, plus
a mixed-logit model, but these models did not provide sub-
stantial additional insights. The MNL model is reported
in the ESM.

Table 2 Log-likelihood and

BIC of latent class choice DeEL DCE2
models Classes Log-likelihood ~ BIC Parameters ~ Log-likelihood  BIC Parameters
1class (MNL)  —4071.67 821349 8 —3576.14 7255.69 12
2 classes —3904.36 795753 17 —3355.1 692522 25
3 classes —3809.14 784585 26 —3311.26 6949.34 38
4 classes —3794.31 789497 35 — 3273.86 6986.35 51
5 classes —3782.52 7950.18 44 - - -
6 classes —3773.38 8010.66 53 - - -

BIC Bayesian information criterion, DCE discrete choice experiment, MNL multinomial logit
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3 Results
3.1 Data Collection

A total of 2187 participants completed the study (81.5%
of the respondents who started). Furthermore, we
excluded 11 respondents from our study as they com-
pleted the DCE too quickly, i.e. in less than a third of the
median time and provided the same answer to each choice
question. As a result, we based our analyses on results
from 1070 respondents to DCE 1 and 1106 respondents
to DCE 2. The data can be accessed via https://doi.org/10.
4121/35e50f3e-7ee9-4ea0-afd1-bb1b84eab3b8. All rele-
vant segments of the Dutch population in terms of gender,
age and educational level were included in our sample.
Table 3 reports the sociodemographic characteristics of
our sample plus a series of other indicators obtained from
the survey instrument.

3.2 LC Choice Model of DCE 1

We estimated LC choice models for DCE 1 and DCE 2,
respectively. On each LC choice model, we include soci-
odemographic characteristics and indicators as class mem-
bership covariates. From the estimated parameters of the
LC choice model, the marginal utility of increases of each
attribute, per class, was computed, as well as the willing-
ness to tolerate COVID-19 deaths and the model profiles.
For reasons of succinctness, in this section, we present the
marginal utilities, model profiles and willingness to tolerate
COVID-19 deaths. The full LC choice models are reported
in the ESM.

Figure 2 details the marginal utility of increases of each
attribute of the LC choice model of DCE 1, with their
respective 95% confidence interval, represented by error
bars. From the marginal utilities, it is possible to character-
ize each class in terms of their preferences for increases for
impacts of COVID-19 policies. Class 1 (37.77%) encom-
passes participants for which the magnitude of the estimates

Table 3 Sociodemographic and perception covariates of the sample and adult population

DCE 1 DCE 2 Percentage of the Dutch 2-sided Chi-squared test
% (frequency) % (frequency) adult population (CBS, (p-value)
2020)
Total 1070 1106
Gender
Male 49.1% (523) 48.8% (536) 49.3% 1 (0.75)
Female 50.9% (543)  51.2% (562) 50.3% 0.22 (0.64)
Age
34 years or younger 29.0% (310)  31.9% (352) 26.7% 3.17 (0.20)
35-64 years 48.5% (518)  46.9% (517)  49.5% 16.1(<0.0D)
65 years or older 22.5% (240)  21,1% (233) 23.8%
Education level
Low 20.1% (214)  18.7% (205)  28.5% 37.02 (< 0.01)
Medium 40.6% (431)  43.5% (477)  36.8% 53.55 (< 0.01)
High 39.3% (418)  37.8% (414) 34.6%
Vaccination status
Vaccinated 84.7% (906)  83.6% (925) 82.3% 4.14 (0.04)
1.35(0.24)
Other indicators
Financial difficulties in the last 12 months 34.6% (370)  32.6% (361)  Unknown -
Chronic disease 28.5% (305)  31.1% (344)  Unknown -
Roommate with chronic disease 17% (182) 16.5% (182)  Unknown -
Cannot live desired life because of COVID-19 38.5% (412)  37.9% (419)  Unknown -
Social life deteriorated because f COVID-19 39.3% (421)  40.2% (445)  Unknown -
Feeling worse because of COVID-19 35.3% (378)  35.3% (390)  Unknown -
High risk that COVID-19 would make me very ill 11.4% (122)  13.3% (147)  Unknown -
High risk that I would be hospitalised because of 8.4% (90) 8% (88) Unknown -
COVID-19
High risk that I would die of a COVID-19 infection 8.3% (89) 8.8% (97) Unknown -

DCE discrete choice experiment
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1,000 COVID-19 deaths

100,000 people with Physical problems

100,000 people with Mental problems 4

100,000 people with Financial problems

Non-urgent surgeries postponed 1 month

Non-urgent surgeries postponed 3 months A

Non-urgent surgeries postponed 5 months A

Non-urgent surgeries postponed 5 months. |
Urgent surgeries postponed 1 month

Class
Class 1 (37.77%)

B Class 2(37.12%)
B ciass 3 (25.11%)

-10.0 75

5.0 25 0.0 25
Marginal utility

Fig.2 Marginal utilities of attributes of the 3-class latent class choice model, discrete choice experiment 1. The baseline level for postponed sur-
geries is “There is no need to postpone surgeries”. See Table 1 for more information

for the societal impacts is small compared with to the same
parameters in the other two classes, which suggests that the
societal impacts do not play a strong role in their preferences
for COVID-19 policies. Class 2 (37.12%) is characterised
by participants who assign a relatively high value to avoid-
ing financial problems for citizens and to avoiding postpon-
ing surgeries. Class 3 (25.11%) encompasses participants
who considered all societal impacts of COVID-19 policies
in their choices. Class 3 participants assign a considerably
higher value to avoiding postponing surgeries when com-
pared with participants from Classes 1 and 2. Addition-
ally, this class assigns a relatively high value to avoiding
COVID-19 deaths and people with physical problems and
a relatively low value to avoiding people with mental and
financial problems.

Figure 3 summarises the model profiles of the LC choice
model. We found that most class membership covariates are
not statistically significant, except for the parameters associ-
ated with age, having a chronic medical condition in Class
2, and the perception that people’s social life is deteriorated
because of COVID-19. Hence, we include the model pro-
files of the statistically significant covariates. Moreover, we
include individuals’ vaccination status which, although not
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statistically significant, provides additional insights in the
interpretation of the segmentation of the classes. Details of
all the model profiles can be found in the ESM.

The model profiles for such covariates suggest that Class
1, which is insensitive to the impacts of COVID-19 poli-
cies, is associated with younger and middle-aged partici-
pants. A relatively large share is non-vaccinated. Moreover,
a relatively large share totally disagrees with the statement
that their social life deteriorated because of COVID-19. For
both young citizens, unvaccinated citizens and people for
whom it holds true that their social life was not deteriorated
because of COVID-19, it is plausible that they are relatively
insensitive for social impacts of COVID-19. Class 2, which
assigns a relatively high value to avoiding the postponement
of surgeries, is associated with a relatively high number of
people who have a chronic disease, which is also plausible.
Class 3 is particularly sensitive to health-related impacts
of COVID-19 policies such as avoiding COVID-19 deaths
and postponement of surgeries and contains relatively many
elderly citizens.

Finally, we compute the willingness to tolerate COVID-
19 deaths to avoid the increase of other attributes, repre-
sented in Fig. 4. Only the estimates of Classes 2 and 3 are
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Fig. 3 Model profiles of relevant covariates of the latent class choice model, discrete choice experiment 1

reported, plus their 95% confidence interval. Values for
Class 1 were not statistically significant at 95% of confi-
dence, hence they were excluded. A complete report of the
willingness to tolerate COVID-19 deaths is provided in the
ESM.

The interpretation of the values of Fig. 4 is in terms of
how many COVID-19 deaths are people willing to toler-
ate to avoid the other COVID-19 impacts. For instance, we

find that, for Class 2, respondents are willing to accept 2050
COVID-19 deaths to avoid 100,000 people with physical
problems and 915 COVID-19 deaths to avoid 100,000 peo-
ple with mental problems.

We observe that respondents of Class 2 are willing to tol-
erate more COVID-19 deaths to avoid people with physical,
mental and financial problems than respondents of Class 3.
In addition, these respondents of Class 2 are also willing to
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Fig.4 Willingness to tolerate COVID-19 deaths to avoid other attrib-
utes, discrete choice experiment 1. Estimates of class 1 were excluded
because they were all not statistically significant. The baseline level

tolerate more COVID-19 deaths in order to avoid postpon-
ing surgeries than respondents of Class 3. These results are
expected, as respondents of Class 3 assign a considerably
higher disutility for postponing surgeries than respondents
of Class 2.

3.3 LC Choice Model of DCE 2

Figure 5 presents the marginal utility of increases of each
attribute of the LC choice model for DCE 2, including their
95% confidence interval. We observe that Class 1 represents
31.32% of the population, Class 2 represents 27.35% of the
population and Class 3 (the largest class) represents 41.44%
of the population.

Class 1 encompasses respondents who care relatively
strongly about all COVID-19 impacts, but they are indif-
ferent towards postponing surgeries by 1 month. Respond-
ents in Class 1 perceive a considerably higher disutility for
implementing COVID-19 measures when compared with the
other classes, except for postponing surgeries by 3 months,
in which the marginal utility is positive. Respondents of
Class 2 are indifferent about all COVID-19 impacts, except
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for postponed surgeries is “There is no need to postpone surgeries”.
See Table 1 for more information

for postponing surgeries by 5 months, for which they have a
positive preference. Class 3 is characterised by respondents
who have a low disutility for COVID-19 impacts, compared
with respondents of Class 1. We also find that respondents
from Class 3 derive positive utility from COVID-19 meas-
ures that affect their daily lives.

Figure 6 presents the model profiles of the LC choice
model of the covariates that were found as statistically sig-
nificant (education level, age, whether a respondent has
a housemate with a chronic disease, and the extent they
agree that COVID-19 deteriorated their social life and that
COVID-19 would make them very ill), plus the vaccination
status.

Observing the model profiles, respondents with middle
education and who are middle-aged are overrepresented in
Class 1, the class of respondents that cares relatively strongly
about all the COVID-19 impacts and that assigns a high
disutility to the implementation of COVID-19 measures.
This class contains relatively few respondents with a house-
mate with a chronic disease compared with the other classes,
which might explain their distaste for (strict) COVID-19
measures. The model profile of Class 2, which is insensitive
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Fig.5 Marginal utilities of attributes of the three-class latent class
choice model, discrete choice experiment 2. The baseline level for
postponed surgeries is “There is no need to postpone surgeries”,

to the impacts of COVID-19 policies, strongly resembles
the model profile of Class 1 in DCE 1 with respondents
being insensitive to the impacts of COVID-19 policies. A
relatively large share of the respondents is young, unvacci-
nated and totally disagrees that COVID-19 deteriorated their
social life. Class 3 is similar to Class 1, with the exception
that respondents with a higher education level are overrep-
resented in this class.

Finally, Fig. 7 presents the willingness to tolerate COVID-
19 deaths in order to avoid other COVID-19 impacts, per
class, for DCE 2, plus their respective 95% confidence inter-
val. Figure 7 shows that citizens are willing to accept deaths

o *T
'
o
(o2}
w
(oo}

5
Marginal utility

while the baseline level for affectation to daily lives is “There are no
measures that affect our daily lives”. See Table 1 for more informa-
tion

to avoid that citizens experience physical complaints, mental
health issues and financial problems, expect for Class 2, for
the attribute 100,000 people with physical problems.

In contrast with DCE 1, the willingness to tolerate
COVID-19 deaths is not statistically significant for several
impacts, irrespective of the class. Figure 7 shows that Class
1 is willing to tolerate a substantial number of COVID-19
deaths to avoid the implementation of COVID-19 measures
that affect people’s daily lives. Moreover, Classes 1 and 3 are
willing to accept a substantial number of COVID-19 deaths
if the postponement of non-urgent surgeries for 5 months can
be avoided. We observe that for Class 1 the willingness to
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Fig.7 Willingness to tolerate COVID-19 deaths to avoid other attrib-
utes, discrete choice experiment 2. The baseline level for postponed
surgeries is “There is no need to postpone surgeries”, while the base-

tolerate COVID-19 deaths to avoid postponing surgeries by
3 months is negative and statistically significant, in line with
the positive marginal utility of this latter attribute.

4 Discussion

An important result of this study is that a large majority of
the participants in this study is willing to accept deaths to
avoid that citizens experience physical complaints, mental
health issues and financial problems at the stage that a
pandemic transitions into an endemic. Contrasting these

line level for affectation to daily lives is “There are no measures that
affect our daily lives”. See Table 1 for more information

empirical results with the results of DCEs carried out in
earlier stages of the pandemic suggests that the prevention
of deaths develops from a key priority according to citi-
zens in the early stage of the pandemic [3, 7] to an impor-
tant goal alongside other goals in a later stage of the pan-
demic [1, 5] and to a low-priority goal when a pandemic
transitions into an endemic. A more in-depth investigation
of the relationship between the stage of a pandemic and
people’s preferences regarding a government’s focus on
the prevention of deaths caused by a pandemic may be an
important topic for further research.
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We find that only a third of respondents in our study had
a strong negative preference for COVID-19 measures, while
the majority of respondents did not assign a significant value
to avoiding restrictive measures (see Figs. 5 and 7). Another
empirical finding is that in both DCEs, a LC of respondents
was observed that did not assign a significant value to most
of the societal impacts included in this study. In both DCEs,
the class that was insensitive to the impacts of COVID-19
policies contained a relatively large share of young citizens,
unvaccinated citizens and citizens that totally disagree that
COVID-19 deteriorated their social life. We infer two pos-
sible explanations to the existence of this class. The first
possible explanation for this finding is that in this stage of
the pandemic a group of citizens does not expect to expe-
rience impacts from the pandemic and therefore becomes
indifferent to impacts of pandemic policies. The second
explanation might be that at the stage that a pandemic trans-
forms into an endemic, a group of citizens will not seriously
consider preference elicitation experiments in which they
are asked to trade-off societal impacts of pandemic policies
as they think that it is unlikely that these societal impacts
will materialise. In this case, the LC choice model might
be capturing a LC of individuals who are insensitive to the
experiment at all. However, this last explanation is contested
by the fact that for both DCEs, we identify a specific soci-
odemographic group for which this class is overrepresented
(younger-aged participants for which a relatively large share
is unvaccinated).

In any case, the fact that a substantial class of respondents
did not seem to be sensitive to the social impacts of COVID-
19 policies can be considered as a key limitation of our study
and the applications of DCEs in general at this stage of the
pandemic. A second limitation is that the DCE is conducted
in the Dutch context and it is unclear to which extent the
results can be generalised to other countries. A third limita-
tion of our study is that we used an online sample, which
may have resulted in a lower participation of digitally less
literate people. However, a study that compared an online-
based DCE and a paper-based DCE found no evidence of
inferior results in the online DCE [23]. Hence, we are confi-
dent that if we had used a paper-based DCE, we would have
found similar results overall.

5 Conclusions

Our study is the first to empirically investigate how citizens
weigh key societal impacts of pandemic policies when the
COVID-19 pandemic transitions into an endemic through
a DCE. We inferred Dutch citizens’ trade-offs between
societal impacts of pandemic policies in this context. Most
participants in this study are willing to accept deaths to
avoid that citizens experience physical complaints, mental
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health issues, financial problems and the postponement of
surgeries. However, the willingness to tolerate COVID-19
deaths to avoid these impacts differs substantially between
participants. For instance, the first DCE contains a class of
participants who are willing to tolerate 3831 deaths to avoid
100,000 people with financial problems and a class of partic-
ipants who are willing to accept 555 deaths to avoid 100,000
people with financial problems. After having experienced a
pandemic, Dutch citizens clearly prefer that pandemic poli-
cies consider citizens’ financial situation, physical problems,
and mental health problems alongside effects on excess mor-
tality and pressure on healthcare.

When participants are provided with information about
the stringency of COVID-19 measures, they assign relatively
less value to preventing the postponement of non-urgent sur-
geries for 1-3 months. Hence, policy makers should keep in
mind that citizens might perceive the importance of various
societal impacts differently when they are considered in the
context of decisions on specific COVID-19 measures.
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