A Service of

ECOMNZTOR pr

Make Your Publications Visible.

Leibniz-Informationszentrum
Wirtschaft

Leibniz Information Centre
for Economics

von Siemens, Ferdinand

Working Paper

Motivated beliefs and the elderly's compliance with

Covid-19 measures

SAFE Working Paper, No. 299

Provided in Cooperation with:
Leibniz Institute for Financial Research SAFE

Suggested Citation: von Siemens, Ferdinand (2021) : Motivated beliefs and the elderly's compliance
with Covid-19 measures, SAFE Working Paper, No. 299, Leibniz Institute for Financial Research SAFE,

Frankfurta. M.,
https://doi.org/10.2139/ssrn.3770589

This Version is available at:
https://hdl.handle.net/10419/228783

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dirfen die Dokumente nicht fiir 6ffentliche oder kommerzielle
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewahrten Nutzungsrechte.

WWW.ECONSTOR.EU

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

Mitglied der

Leibniz-Gemeinschaft ;


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://doi.org/10.2139/ssrn.3770589%0A
https://hdl.handle.net/10419/228783
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

=
B

LEIBNIZ INSTITUTE

Sustainable Architecture
for Finance in Europe

Ferdinand A. von Siemens

Motivated Beliefs and the
Elderly’s Compliance with COVID-19
Measures

SAFE Working Paper No. 299

Leibniz Institute for Financial Research SAFE

Sustainable Architecture for Finance in Europe

info@safe-frankfurt.de | www.safe-frankfurt.de




Motivated Beliefs and the
Elderly’s Compliance with COVID-19 Measures
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Abstract

Although the elderly are more vulnerable to COVID-19, the empirical evidence suggests
that they do not behave more cautiously in the pandemic than younger individuals. This
theoretical model argues that some individuals might not comply with the COVID-19
measures to reassure themselves that they are not vulnerable, and that the incentives for
such self-signaling can be stronger for the elderly. The results suggest that communication
strategies emphasizing the dangers of COVID-19 could backfire and reduce compliance
among the elderly.
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1 Introduction

Many governments have implemented COVID-19 measures to slow down the spread of the
disease. Compliance with these measures reduces the risk of infection and thereby directly
benefits the complying individuals themselves. Levin et al. (2020) document that COVID-19
is particularly dangerous for the elderly so that this age group benefits the most from strict
compliance. Nevertheless, compliance among the elderly is far from perfect. In fact, Clark
et al. (2020) find that compliance is unrelated to age. Daoust (2020) shows that the elderly
behave the same as much younger individuals, while the willingness to wear a face mask even

decreases in age.

This note shows that motivated beliefs can explain why the elderly do not comply better with
COVID-19 measures than age groups less threatened by the disease. The argument is that
compliance might reveal having a weak constitution, thereby increasing anxiety. If people
receive utility from believing to be strong, there can exist a separating equilibrium in which
only weak people comply with the COVID-19 measures. This separating equilibrium might
exist even if everybody net benefits from compliance. Further, the pooling equilibrium with
universal compliance might exist only for the young but not for the elderly. The reason is that
only the elderly must reasonably interpret non-compliance as signaling a robust constitution,

which destroys the equilibrium.

Formally, the prior probability of being strong determines whether an equilibrium refinement
based on equilibrium dominance restricts out-of-equilibrium beliefs. Any young individual is
strong with a high probability. Because her beliefs in a pooling equilibrium are favorable, she
could never possibly benefit from deviating to non-compliance, not even if she is strong and
interprets non-compliance as signaling a strong constitution. The equilibrium refinement has
no bite, and the individual can reasonably hold any belief after observing non-compliance.
However, suppose an individual is more advanced in age so that her prior probability to be
strong is lower. Because her equilibrium utility in a pooling equilibrium is lower, an individual
with a strong constitution might possibly benefit from deviating to non-compliance. The
refinement might require non-compliance to be interpreted as signaling a strong constitution,

destroying the pooling equilibrium.



Intuitively, the young enjoy a high belief utility from believing to have the average constitution
of their age group. After all, young people typically have a good constitution. For the elderly,
believing to have the average constitution of their age group is much less comforting. To
cope with the resulting anxiety, the elderly might want to believe that they are not in danger
because they have a strong constitution for someone in their age group. Gerhold (2020)
indeed finds evidence for such comforting, but inconsistent beliefs: he shows that 67% of the
survey respondents in the highest age group worry about COVID-19 in general, but only 9%
of the same age group are afraid of being infected themselves. The present model argues that

upholding such comforting beliefs might require non-compliance.

2 Model

Consider an individual who is either young or elderly and who has either a strong or a weak
constitution. Let 7 € {y, e} be the age group of this individual, where y stands for young,
and e stands for elderly. Let 6 € {s,w} denote the health of the individual, where s stands
for a strong, and w stands for a weak constitution. The constitution is defined in absolute
terms so that two individuals in different age groups but with the same constitution have
comparable health. Age only affects the prior probability with which an individual is weak

or strong, as to be explained later.

Let action a € {c,nc} describe the individual’s compliance behavior, where ¢ stands for
compliance, and nc stands for non-compliance. Compliance has some costs, for example,
from wearing a face mask, but reduces the probability of attracting the disease. Falling ill
has expected health consequences that depend on the constitution of the individual. Let
m(a,d) be the expected physical, health-related, and discounted net-utility of the individual
if she has constitution 0 € {s,w} and engages in compliance behavior a € {c,nc}. Because
constitution is defined in absolute terms, age does not enter the individual’s physical net-
utilities. Let

An(0) = 7(e,0) — m(nc, ) (1)

denote the increase in physical health-related utility from compliant rather than non-compliant

behavior of the individual with constitution 6 € {s,w}. Assume
Arn(w) > Am(s) (2)

so that the individual has less to gain from compliance if she is strong rather than weak. By

definition, the individual can better cope with falling ill if she has a strong rather than a



weak constitution. The above assumption holds if compliance costs do not depend too much
on the individual’s constitution. To best illustrate the possible negative effect of motivated
beliefs on compliance, assume

Am(s) >0 (3)

so that the individual’s physical health benefits from compliance even if she is strong. This

assumption holds if the costs of compliance are small.

The self-signaling model is based on Bodner and Prelec (2003) and Bénabou and Tirole (2006,
2011), see also the excellent survey by Golmann et al. (2017). Age is an observable fact, and
the individual must acknowledge belonging to a certain age group. But the constitution of an
individual is less factual so that the individual might form motivated beliefs about her physical
health. The model’s idea is that the individual’s compliance might signal something about the
individual’s constitution to the individual herself. Let po(7y) €]0, 1] be the prior probability
that the individual is strong. This initial probability po(y) depends on age v € {y, e} where
to(y) > po(e) because the young have a higher prior probability of being strong than the
elderly. Let u1(7,a) € [0,1] be the posterior probability with which an individual in the age
group 7y believes herself to be strong after engaging in compliance behavior a € {c¢,nc}. The

Bernoulli utility of the individual is

w(a, 0, j1(7,a)) = 7(a,0) + Apua (7, ). (4)

Parameter A measures how much the individual appreciates believing herself to be strong.

To focus on the most interesting case, assume that
Am(w) > X > Ar(s) (5)

so that motivated beliefs are behaviorally relevant without dominanting all physical health

concerns.



The analysis considers perfect Bayesian equilibria in pure strategies, separately for both age
groups. A pure strategy is a function « that specifies compliance conditional on the age group
and the constitution. An equilibrium strategy o* maximizes the individual’s expected utility
given her equilibrium beliefs. Equilibrium beliefs 1] specify the probabilities with which the
individual believes herself to be strong, conditional on the individual’s own compliance, and
given her observable age group. For both compliance and non-compliance, the beliefs must

be consistent with the prior belief and the individual’s equilibrium strategy.

Finally, perfect Bayesian equilibria can seem unreasonable if they are supported only by
unintuitive out-of-equilibrium beliefs. Standard equilibrium refinements for signaling games
consider the responders’ possibly optimal responses to the senders’ out-of-equilibrium signals.
These refinements are not directly applicable in the present setup because the sender is the
receiver, and the receiver derives direct utility from holding a particular belief without taking
any further action. At the same time, not all out-of-equilibrium beliefs are equally reasonable
in a self-signaling equilibrium. If one accepts that the formation of motivated beliefs can be
modeled as a self-signaling game, an individual should not believe herself to have a particular
type if the observed out-of-equilibrium compliance behavior is equilibrium-dominated for
this type but not for some other type. The individual’s utility is strictly increasing in the
probability with which she believes herself to be strong. Concerning the individual’s belief
utility, the best that can happen after deviating to out-of-equilibrium action a’ is that she
believes herself to be strong with certainty. Analogously to equilibrium dominance, the

equilibrium refinements can be formally defined as follows.

Definition (Reasonable Beliefs). Consider an equilibrium in the age group v € {y, e} with

strategy o and beliefs ui. Suppose that for some out-of-equilibrium action o’ the inequalities

u(@”(v,0),0, pi(y, " (v,0)) > u(d’,0,1) (6)

and
u(a',0',1) > u(a*(v,60),0, pi (v, a*(v,0")) (7)

hold for 6,60" € {w, s} and 0 # 0'. Out-of-equilibrium action o' is equilibrium-dominated for
type O but not for the other type 0. The equilibrium is then defined to be “reasonable” if and
only if ui(v,a’) puts all probability mass on type ¢'.



3 Results

This section intuitively describes all reasonable perfect Bayesian equilibria in pure strategies;
the appendix contains all formal proofs. First, there never exists a separating equilibrium in
which only the strong individual complies. In such an equilibrium, the weak individual could
signal to herself that she is strong by compliance and benefit her health. Therefore, it can

never be optimal for the weak individual not to comply.

Second, there never exists a pooling equilibrium with universal non-compliance. In such an
equilibrium, compliance would have to yield a loss in belief utility larger than the increase in
physical health. However, assumption (5) states that Aw(w) > X so that the gain in physical
health for the weak individual is larger than the largest possible loss in belief utility. The
pooling equilibrium with universal non-compliance never exists. The following results show

how motivated beliefs undermine compliance.

Result 1 (Separating Equilibrium). For both age groups, there exists a reasonable, perfect

Bayesian equilibrium in which only the weak individual complies.

This result has the following intuition. Non-compliance yields the largest possible loss in
belief utility. The above separating equilibrium exists if and only if the physical health
benefits from compliance are larger than the loss in belief utility for the weak individual,
while they are smaller for the strong individual. Assumption (5) ensures this. Note that the
existence of the separating equilibrium does not depend on the prior probability p(y) with
which the individual is strong, and therefore does not depend on her age group. The paper’s
main result is that age affects the equilibrium existence condition for the pooling equilibrium

with universal compliance.

Result 2 (Universal Compliance). Within the age group v € {y, e} there exists a reasonable,
perfect Bayesian equilibrium in which both the weak and the strong individual are compliant
if and only if

po(y) > A_ﬁw(s) (8)

so that the prior probability po(y) for the individual to be strong is sufficiently large. Because

the prior probability po(y) decreases in age, universal compliance is more likely an equilibrium

for the young than for the elderly.

This result has the following intuition. Because compliance benefits the health of both the

strong and the weak individual, everybody complies if they do not want to form motivated



beliefs. How motivated beliefs affect equilibrium existence depends on how the individual
interprets a deviation to non-compliance. Suppose that after observing non-compliance, the
individual believes herself to be weak or keeps her prior. Motivated beliefs then strengthen,
or leave unaffected, the incentives to comply. Whether such out-of-equilibrium beliefs are
reasonable depends on the prior. If the prior is rather negative, non-compliance is equilibrium-
dominated only for the weak individual. The individual must then reasonably believe herself
to be strong after observing non-compliance. Motivated beliefs then destroy the equilibrium.
The prior beliefs are less favorable for the elderly. Therefore, a reasonable pooling equilibrium

with universal compliance may exist for the young but not for the elderly.

4 Conclusion

The empirical evidence in Clark et al. (2020) and Daoust (2020) suggests that governments
must develop specific communication strategies to improve the elderly’s compliance with the
COVID-19 measures. The present paper has implications for what might be an efficient com-
munication strategy concerning the key variables in the model: the physical health benefits of
compliance A7 () and the prior probability po(v) with which individuals within an age group
believe themselves to have a strong constitution. Obviously, explaining and emphasizing the
physical health benefits Am(6) of compliance — for both the weak and the strong — facilitates
universal compliance. More interestingly, a specific implication of the present self-signaling
model is that — contrary to casual intuition — emphasizing the dangers of COVID-19 need not
improve incentives for the elderly. Creating anxiety increases the need for motivated beliefs.
Communicating that a large majority among the elderly are in danger could lower the prior
belief pp(e) with which individuals in this age group believe someone like them to be strong.
This note shows that a lower prior complicates the existence of the pooling equilibrium with

universal compliance.

Summarizing, a good communication strategy should point out that compliance strongly
decreases the infection risk, also benefiting those unlikely to die from COVID-19. Further,
without downplaying the dangers, governments should not exaggerate the probability with

which the elderly might be severely affected by the disease.



5 Appendix

Proof: No Crazy Separating Equilibrium

Consider the crazy separating equilibrium in which only the strong individual in age group
v € {y, e} complies. Then a*(y,w) = ne, a*(v,s) = ¢, pi(y,nc) =0, and pj(v,c) =1 holds.
Existence requires

0> An(w)+ A 9)

for the weak individual. This condition is violated because of (2), (3), and (5).

Proof: No Bad Pooling Equilibrium

Consider the bad pooling equilibrium in which nobody complies in age group v € {y,e}.
Then a*(y,0) = nc for 6 € {w, s} and pj(y,nc) = po(y) holds. The out-of-equilibrium belief

is some u3 (7, c). Existence requires

(1o(y) = w3 (v, ne)) A > Am(w) (10)

for the weak individual. (5) implies

Ar(w) > A > (uo(y) - pi(7.n0)) A (11)

so that the equilibrium never exists for any out-of-equilibrium belief pj (7, ¢).

Proof: Natural Separating Equilibrium

Consider the separating equilibrium in which only the weak individual complies in age group
v € {y,e}. Then a*(v,w) = ¢, a*(v, s) = nc, pi(y,nc) =1, and p3(7y, c) = 0 holds. Existence
requires

Ar(w) > A (12)

for the weak individual, and

A > Amn(s) (13)

for the strong individual. These conditions are the conditions in (5).



Proof: Good Pooling Equilibrium

Consider the good pooling equilibrium with universal compliance in age group v € {y,e}.
Then o*(v,0) = c for 0 € {w, s} and p3(vy,c) = po(y) holds. The out-of-equilibrium belief is

some (3 (7, nc). Existence requires

Am(w) > (3 (v, ne) — po(y)) A (14)

for the weak individual, and

Am(s) > (3 (v, ne) — po(y)) A (15)

for the strong individual. (2) yields that the incentives for the strong individual imply the
incentives for the weak individual. (3) implies that the condition for the strong individual is
automatically satisfied as long as po(y) > pi(y,ne). If ui(v,nc) < po(y) is not ruled out by

the equilibrium refinement, equilibrium existence is guaranteed.

However, only the belief pj(y,nc) = 1 is reasonable if and only if

m(s,ne) + A > w(s, ) + po(y) A (16)
while at the same time
m(w, ¢) + po(y) A > w(w, ne) + A (17)
which in combination yields
A—An(s A—Am(w
)\() > po(y) > )\() (18)

where the second inequality always holds because (5) implies A < Am(w).

If po(7) is sufficiently small, the refinement implies pf(y,nc) = 1 so that non-compliance
must be interpreted as a deviation by a strong individual. The above equilibrium existence

condition for the strong individual then becomes

Ar(s) = (1= po(7)) A (19)

which is violated because

Ar(s) > X > (1= po(v)) A (20)

by (5). Thus, the above pooling exists if and only if the reasonability refinement is not

binding, which yields the equilibrium existence condition in the result.



References

Bénabou, R. and Tirole, J. (2006). Incentives and prosocial behavior, American Economic

Review 96(5): 1652-1678.

Bénabou, R. and Tirole, J. (2011). Identity, morals, and taboos: Beliefs as assets, Quarterly
Journal of Economics 126(2): 805-855.

Bodner, R. and Prelec, D. (2003). Self-signaling and diagnostic utility in everyday decision
making, in I. Brocas and J. Carillo (eds), The Psychology of Economic Decisions. Vol. 1.
Rationality and Well-being, Oxford University Press, pp. 105-126.

Clark, C., Davila, A., Regis, M. and Kraus, S. (2020). Predictors of COVID-19 voluntary

compliance behaviors: An international investigation, Global Transitions 2: 76-82.

Daoust, J.-F. (2020). Elderly people and responses to COVID-19 in 27 countries, PLoS ONE
15(7): 1-13.

Gerhold, L. (2020). COVID-19: Risk perception and coping strategies. results from a survey

in Germany, mimeo, Free University Berlin pp. 1-11.

Golmann, R., Hagman, D. and Loewenstein, G. (2017). Information avoidance, Journal of

Economic Literature 55(1): 96-135.

Levin, A. T., Hanage, W. P., Owusu-Boaitey, N., Cochran, K. B., Walsh, S. P. and
Meyerowitz-Katz, G. (2020). Assessing the age specificity of infection fatality rates for
COVID-19: Systematic review, meta-analysis, and public policy implications, Furopean

Journal of Epidemiology pp. 1-16.

10



Recent Issues

No. 298 Calebe de Roure, Emanuel
Moench, Loriana Pelizzon, Michael
Schneider

No. 297 Dimitrios Kostopoulos, Steffen

Meyer, Charline Uhr

No. 296 Reint Gropp, Thomas Mosk,
Steven Ongena, Ines Simac, Carlo
Wix

No. 295 Besart Avdiu, Alfons J.
Weichenrieder

No. 294 Christian Aleman, Christopher
Busch, Alexander Ludwig, Rall

Santaeulalia-Llopis

No. 293 Christoph Hambel, Holger Kraft,

André Meyer-Wehmann

No. 292 Andrea Modena

No. 291 Loriana Pelizzon, Satchit Sagade,

Katia Vozian

No. 290 Nicola Fuchs-Schiindeln, Dirk
Krueger, Alexander Ludwig, Irina

Popova

No. 289 Christian Schlag, Michael

Semenischev, Julian Thimme

No. 288 Michele Costola, Michael Nofer,

Oliver Hinz, Loriana Pelizzon
No. 287 Kevin Bauer, Nicolas Pfeuffer,
Benjamin M. Abdel-Karim, Oliver
Hinz, Michael Kosfeld

No. 286 Andreass Hackethal, Michael
Kirchler, Christine Laudenbach,

Michael Razen, Annika Weber

S

LEIBNIZ INSTITUTE

Sustainable Architecture
for Finance in Europe

OTC Discount

Ambiguity and Investor Behavior

Supranational Rules, National Discretion:
Increasing Versus Inflating Regulatory Bank
Capital?

Financing Costs and the Efficiency of Public-
Private Partnerships

Evaluating the Effectiveness of Policies
Against a Pandemic

When Should Retirees Tap Their Home
Equity?

Recapitalization, Bailout, and Long-run
Welfare in a Dynamic Model of Banking

Resiliency: Cross-Venue Dynamics with
Hawkes Processes

The Long-Term Distributional and Welfare
Effects of Covid-19 School Closures

Predictability and the Cross-Section of
Expected Returns: A Challenge for Asset
Pricing Models

Machine Learning Sentiment Analysis,
COVID-19 News and Stock Market Reactions

The Terminator of Social Welfare? The
Economic Consequences of Algorithmic
Discrimination

On the (Ir)Relevance of Monetary Incentives
in Risk Preference Elicitation Experiments

Leibniz Institute for Financial Research SAFE | www.safe-frankfurt.de | info@safe-frankfurt.de



