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Summary

A game-theoretic setting is used to illuminate the conflict between vaccina-
tion proponents and vaccination opponents. A central result is that vaccina-
tion proponents could in principle persuade vaccination opponents to vacci-
nate by means of subsidization. Such a subsidy could increase benefits for
both groups. Deeper analysis provides numerous further insights regarding
the stability of these results.
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1 Introduction

The relationship between the vaccinated group and the unvaccinated group
is currently very conflictual. The vaccinated group accuses the unvaccinated
group that their behaviour is contributing to fuelling the pandemic. The
unvaccinated, on the other hand, often invoke the right to physical integrity.
This paper analyses the different lines of argumentation from a game-
theoretical perspective. In the end, even we will not be able to bring about
a solution to the conflict. Nevertheless, we believe we can point out options

for action and describe their long-term consequences relatively clearly.

The situation between the vaccination supporters and the vaccination oppo-
nents is somewhat similar to the traditional example of the conflict between
the non-smoker and the smoker in a train compartment. The smoker would
like to smoke but creates a negative externality for the non-smoker. The non-
smoker claims the air as his personal good, which should not be polluted.

According to Coase, this conflict can be resolved through negotiation:

e One solution could be that the non-smoker pays the smoker money to

stop smoking.

e The other solution is for the smoker to compensate the non-smoker for

being allowed to pollute the air.

Whether one or the other solution comes about depends in particular
on who owns the property rights to the air. Whereas in the past it was
allowed to smoke on trains, today it has become accepted that the property
right belongs to the non-smoker. Furthermore, it should be noted that a

successful negotiation is more likely, the lower the number of involved parties.

With regard to the vaccination issue, it also seems to have been regulated ini-

tially that unvaccinated people were allowed to hurl viruses in public spaces.



However, the current restrictions (2G in restaurants) tend to give ownership

to the vaccinated.

2 A game theoretical approach

2.1 Assumptions of the game

In the following, the situation between the two parties is presented using
a payout matrix. This is based on the following assumptions, which are

described in Table 1. The payoff matrix is shown in Table 2.

Table 1: Cost and benefit from the vaccination
Supporters | Opponents

Achieved utility without vaccination —4 0
Direct effect:  Increase in utility +9 0
through vaccination

Costs of vaccination (queue, swellings, —1 -3

potential short or long run damages
from the vaccination)

(Positive) external effect in case that +7 0
other group gets vaccinated

This table contains important assumptions! Some vaccination opponents
argue that vaccination could produce long-term vaccine damage. If this
is the case, vaccination supporters would incur high costs for the health
system in the future. This negative externality would also have to be borne
by vaccination opponents. Furthermore, some vaccination opponents do not
want to be in the same room with vaccinated people because they are afraid
that something could jump over. We explicitly exclude these arguments,
although they are relevant from the point of view of some vaccination

opponents and determine their behaviour.



Table 2: Pay-off matrix

Opponents
vaccinate | don’t vaccinate
vaccinate 11/ -3 4/0
Supporters | don’t vaccinate | 3 / —3 —4/0

e If the group of vaccine supporters does not get vaccinated and the
opponents also remain unvaccinated, the supporters achieve a payoff of

—4 and the opponents achieve a payoff of 0 (bottom right panel).

e [f —starting from the lower right field — only the vaccination supporters

get vaccinated, their benefit changes as follows:

Baseline (—4) + direct effect of vaccination (+9) — cost of vaccination
(—1) + no positive external effect, because the opponents do not get

vaccinated = benefit level achieved = 4.

The vaccination opponents remain unvaccinated. We assume that the
vaccination opponents do not care whether the vaccination supporters

have been vaccinated or not. Their benefit remains at 0 (upper right
field).

e [f — starting from the bottom right panel — the opponents get vacci-
nated, their utility drops to —3. The supporters remain unvaccinated,

but feel a positive externality of the order of +7:

Baseline (—4) + positive external effect, because the opponents get

vaccinated = benefit level achieved = +3.

e If both the vaccination supporters and the vaccination opponents are
vaccinated, the vaccination supporters achieve the following benefit

level:

Baseline (—4) + direct effect of vaccination (+9) + costs of vaccination
(—1) + positive external effect because the opponents also get vacci-
nated (47) = benefit level achieved = 11. The payoffs are thus 11 for
the vaccination supporters and —3 for the vaccination opponents (top

left panel).



2.2 Solution to the game

To solve the game, the concept of dominant strategy is applied:

e [f the opponents play "don’t vaccinate”, the supporters must compare
the payoffs of —4 (don’t vaccinate) and +4 (vaccinate). Thus, the best

answer of the vaccination supporters is ”vaccinate”.

e If the opponents of vaccination play ”vaccinate”, the best answer of

vaccination supporters is ”vaccinate” .

Thus, the ”"vaccinate” option is a dominant strategy for vaccination support-

ers.

e [f the vaccination supporter play ”don’t vaccinate”, the best answer of

the opponents is "don’t vaccinate”.

e If the vaccination supporters play ”vaccinate”, the best answer of the

opponents is "don’t vaccinate”.

Therefore, the option "do not vaccinate” is a dominant strategy for the

opponents of vaccination.

Thus, the equilibrium of the game is a situation in which the vaccination
supporters vaccinate and the vaccination opponents do not vaccinate. This

equilibrium can also be characterised as a Nash equilibrium.

Since this is an equilibrium in dominant strategies, the result does not change
even if the decision situation is modelled as an infinitely repeated game or a

sequential game.



2.3 Interpretation

At first glance, this result may not come as a surprise. However, the precise

analysis and the interpretation provide important insights:

1. The balance is pareto optimal. No group can improve (at first) without

the other group getting worse.
2. Thus, the equilibrium is not a prisoner’s dilemma.

3. In the equilibrium, the sum of all payoffs — i.e. the payoff for soci-
ety — is not maximal. According to the Kaldor-Hicks criterion, vac-
cinate/vaccinate with a total payoff of 8 (11 — 3) would therefore be
preferable to the situation vaccinate/non-vaccinate with a total payoff
of 4 (4+40).

Let’s put ourselves in the shoes of the vaccination supporters. There are two

ways to convince the anti-vaccinationists to vaccinate:

e The vaccination supporters could subsidise the vaccination opponents.

e The group of vaccination opponents could be sanctioned by the gov-

ernment.

Let us first consider subsidisation: The pro-vaccination group could con-
vince the anti-vaccination group to get vaccinated by paying, say, slightly
more than 3 monetary units. This payment would put both the vaccination
supporters and the vaccination opponents in a better position than in the
equilibrium solution outlined above. Thus, an improved situation — com-
pared to the existing equilibrium — is possible through a negotiated solution

and a payment.

However, this solution has some side effects:



1. If people find that a refusal attitude is later compensated, a refusal
attitude could even be bred. Potential vaccination supporters would
only be boosted if vaccination is rewarded with a subsidy (moral hazard

problem).

2. Vaccination supporters might find the payment of compensation un-
acceptable on ethical-emotional grounds. The payment itself would
violate their sense of justice and thus reduce their benefit. The ques-
tion is whether, taking this aspect into account, there is still sufficient

room for distribution.

3. The groups are of course not homogeneous. While for some vaccina-
tion opponents an incentive in the form of a bratwurst is sufficient, for
other vaccination opponents much higher payments would have to be
promised. The internal costs of the vaccination opponents could be-
come prohibitively high, for example, if they — for example — amount
to 20 monetary units. In this respect, however, it must also be taken
into account that not even the last vaccination opponent necessarily
has to be convinced. For the extreme case, this means: The ”last op-
ponent of vaccination” does not have to be convinced at all and has no

”blackmail potential”.

Alternatively, sanctions could convince the vaccination opponents to vacci-
nate: For example, IW president Hiither (2021) has suggested making the
vaccination opponents pay for a stay in the intensive care unit themselves.
Justus Haucap has also taken up this suggestion and brought into play a
co-payment of 20 % of hospital costs by the unvaccinated (cf. Gersemann
2021).

In principle, of course, a state vaccination obligation with an administra-
tive fine of e.g. 20 EUR per day would be conceivable. The former Minis-
ter of State for Culture Nida-Riimelin (2021) argues: ”Similar to fare eva-
ston, a stubborn refusal can grow from an administrative offence to a crim-

inal offence.” This measure would also increase costs for the unvaccinated.



However, it seems problematic that this intervention would be seen by the
anti-vaccination group as involuntary and not liberal, and possibly also as
undemocratic or dictatorial. A turn towards extremist parties and differ-
ent behaviour would be expected. Therefore, the negotiated solution has a

greater charm.

3 Conclusion

A game-theoretical analysis has shown that the combination of pro-
vaccinationists and anti-vaccinationists is a Nash equilibrium but not a pris-
oner’s dilemma. The equilibrium in the base game is pareto-optimal. A
negotiated solution is conceivable in principle. However, due to the size of
the group and the heterogeneity in the group of vaccination opponents, such

a solution is unlikely.
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