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Existence of Bias in General

Evident from
∎ political polarization
∎ personal experience
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Existence of Bias in Experts

”WHO vs. WHO”
∎ WHO Director General, 3rd March 2020: ”Globally, about 3.4%

of reported COVID-19 cases have died.”
∎ Ioannidis, WHO Bulletin, 14th October 2020 ”Across 51

locations, the median COVID-19 infection fatality rate was
0.27% (corrected 0.23%)”

∎ Ioannidis 2021, Infection-fatality rate of 0.15% based on six
pre-vaccine sero-prevalence meta-studies
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Existence of Bias in the Population

Figure 1: (COSMO 2022)
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“What percent of people who get infected with the new
coronavirus die from this infection?

Figure 2: ”US and UK participants’ median estimate for the probability of a
fatal disease course among those infected with severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) was 5.0% (IQR 2.0%-15.0%) and
3.0% (IQR 2.0%-10.0%), respectively.” (Geldsetzer, 2020)
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Immediate Causes in General

Two possible sources of information:
∎ Ones own experience

∎ Sense experience
∎ Memories of sense experiences
∎ Deductions from these

∎ Experiences of others, communicated by
∎ individuals
∎ organizations (among them media)
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(Hase et al., 2022)
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Figure 3: Human interest: positive 479, negative 1040 (Ogbodo et al.,
2020)
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Figure 4: (Ogbodo et al., 2020)
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Government as a Cause of Bias

(UK Gov 2020)
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(Lockdown Files, 2023)
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(FDR Gov 2020)
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Psychology as a Means of Control
(Bavel et al., 2020 in Nature)
∎ ”Methods to increase certainty include helping people feel

knowledgeable about their new attitude and making them
feel that their new attitude is the ‘moral’ one to have.”

∎ ”People are also more likely to cooperate when they believe
that others are cooperating. [...] This suggests that leaders
and the media can promote cooperation by making [...]
[cooperative] behaviours more observable.”

∎ ”[Psychological] Inoculation follows the biomedical analogy:
people are exposed to a severely weakened dose of a
persuasive argument, strong enough to trigger the immune
system but not so strong as to overwhelm it. A meta-analysis
has found inoculation effective in protecting attitudes from
persuasion.”

∎ ”thus, focusing on worst-case scenarios, even if they are
uncertain, may encourage people to make sacrifices for
others.”
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(Rayner, 2021 in The Telegraph, ”State of fear: how ministers ‘used
covert tactics’ to keep scared public at home”)
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Media as a Means of Control

(Reichelt, 2022)
”Der Streit da ging um die Corona-Berichterstattung insgesamt,
wo Friede Springer die Vorstellung hatte – und das mir gegenüber
auch sehr deutlich gemacht hat – dass Bild in der beginnenden
Corona-Krise, das war ganz zu Anfang, ab sofort unterstützend für
die Bundesregierung und die Kanzlerin berichten sollte. Und das
war nicht meine Auffassung von Journalismus.”

Marc Walder, Ringier Medien in (von Matt 2022)
”Wir hatten in allen Ländern, wo wir tätig sind - und da wäre ich
froh, wenn das in diesem Kreis bleibt -, auf meine Initiative hin
gesagt, wir wollen die Regierung unterstützen durch unsere
mediale Berichterstattung, damit wir alle gut durch die Krise
kommen.”
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Motivation

Question
Given that Governments are subservient to the wellbeing of the
population, the natural question is:
Does bias about infectious disease increase wellbeing or not?
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Contributions

∎ Behavioral-Epidemiological modeling focused on wellbeing.
∎ Introduction of rational choice and social welfare into

epidemiological modeling.
∎ Explicit evaluative (normative) model with a new proof for the

utilitarian principle.

The Impact on Well-Being of Cognitive Bias about Infectious DiseasesRadomir Pestow 14.03.2024 33/60



Content
Introduction

Existence of Bias
Causes of Bias

Immediate Causes
Mediate Causes

Consequences of Bias
Model Assumptions

Epidemiological
Behavioral
Normative

Results
Limit Model
Simulation

Conclusions
Literature

The Impact on Well-Being of Cognitive Bias about Infectious DiseasesRadomir Pestow 14.03.2024 34/60



Content
Introduction

Existence of Bias
Causes of Bias

Immediate Causes
Mediate Causes

Consequences of Bias
Model Assumptions

Epidemiological
Behavioral
Normative

Results
Limit Model
Simulation

Conclusions
Literature

The Impact on Well-Being of Cognitive Bias about Infectious DiseasesRadomir Pestow 14.03.2024 35/60



Epidemiological Axioms
(cf. Kermack/McKendrick 1927, Martcheva 2010)
∎ The population of agents, N , is for each time step subdivided

into three distinct classes
∎ susceptibles S(t)
∎ infected I(t)
∎ recovered R(t)

∎ At the beginning of each time step, susceptibles choose the
level of effort a ∈ [0,1] they are going to make in order to
avoid an infection.

∎ After that each susceptible makes one random contact
uniformly distributed over the whole population.
∎ If the agent makes a contact with an infected he gets infected

with probability β(1 − a).
Otherwise he stays susceptible.

∎ If the agent makes a contact with any other kind of agent
(susceptible, recovered) he stays susceptible.

∎ Infected agents recover with probability γ

∎ Recovered agents stay recovered
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Epidemiological Submodel

E(∆S) = −β(1 − a) I
N

S

E(∆I) = β(1 − a) I
N

S − γI

E(∆R) = γI

This contains the dynamics of the standard discrete time
SIR-Model if a = 0. 1.

1The expectations are conditioned on S(t)
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Behavioral Axioms
Agents have a sense of their own wellbeing and act accordingly as
follows:
∎ (Myopic Rationality) Agents choose the level of effort with the

highest expected value for the present moment
(von Neumann/Morgenstern, 1947).

∎ Effort to avoid an infection bears a cost c(a), c′ > 0 in terms of
the agents wellbeing with constantly increasing marginal
costs c′′ = const. > 0

∎ Getting an infection bears an average health cost θ for the
agents wellbeing.

∎ The following, possibly distorted, information is available to
the agent (in addition to the parameters above)
∎ effort cost function c
∎ the transmission probability β
∎ perceived distribution of disease severity Θ̃ (with mean θ̃)
∎ the probability of meeting an infected I/N
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Behavioral Submodel

Agents have thus the following decision problem:

max
a∈[0,1]

v(I, a) ∶= −κa2
´¹¸¶

effort cost

+ −θ̃β(1 − a) I
N

´¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¸¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¶
expected health impact

Ô⇒ a =min{
θ̃β I

N

2κ
,1}

Since the value function is homogenous in the cost parameters,
we can set κ = 1 without loss of generality.
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Normative Axioms I
A social welfare judgement is the judgement of an impartial,
ethical observer on the comparative value of two social states, i.e.
it is a judgement on wether one social state is better than another
(cf. D’Aspermont 2002, Ng 2000).2

Unanimity If all agents are better off in one social state than in
another with one individual being at least strictly better
off, then the former state is strictly preferred by the
ethical observer.

Impartiality All agents are treated equal. The wellbeing of one
agent is not considered more important than that of
others.

Eudaimonism The observer is indifferent between two states, if
the well-being of individuals is exactly the same in both
states.

2Methods to evaluate wellbeing: empathizing, neuroscience, willingness to pay,
(discounted) income, quality of life measures etc...
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Normative Axioms II

Individualism When comparing two social states, the judgement
depends only on the difference in well-being between
these two states.

Maximum Domain The set of societal states S which the observer
can compare includes all possible variations in
well-being.
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Normative Submodel

The social welfare ordering of the impartial observer is then given
by ∑iw(x, i) in the following sense:

∑
i

w(x, i) > ∑
i

w(y, i) iff x is judged to be better than y

∑
i

w(x, i) = ∑
i

w(y, i) iff x is judged to be equivalent to y

where w denotes the wellbeing of agent i in state x.
Finally, we define w(i) to be the cumulative reward an agent
receives over the course of the epidemic (cf. Kahneman, 1997):
∎ Episodic wellbeing: w(T ) ∶= ∑T

t v(I(t), a(t))
∎ Per capita Welfare: W (T ) ∶= ∑i w(T )

N
= ∑T

t v(t)S(t)
N
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Continuous Time,
Infinite Population

Taking the continuous population limit, and assuming that the
time steps were sufficiently small we get the following dynamics:

a(I) =min{ θ̃βI
2N

,1}
dS

dt
= −β(1 − a(I)) I

N
S

dI

dt
= β(1 − a(I)) I

N
S − γI

dR

dt
= γI

dW

dt
= (a(I)2 + θ̄β(1 − a(I)) I

N
) S
N

where θ̃ = 0 gives us the standard SIR-Model again, and θ̄ is the
real severity.
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Parameters

The model has four parameters in total (after normalizing the
population size):
∎ Epidemiological:

∎ Transmission-Rate β
∎ Recovery-Rate γ
∎ Real severity θ̄

∎ Behavioral: Expected/Perceived severity θ̃
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Impact on Infections
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Impact on Incidence
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Impact on Duration
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Impact on Welfare
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Conclusions

∎ Focusing on small determinant parts of wellbeing is in general
insufficient.

∎ Trade-offs need to be made between prolonged/increased
effort and health improvements.

∎ Optimal control of psychological variables of a population
requires data on wellbeing, perceived and real threats as well
as costs.

∎ However, psychological control raises some fundamental
issues, relevant for future modeling.
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Ethical Considerations

Fundamental Issues with Psychological Control
∎ Loss of democratic legitimacy: ”state-manufactured consent

of the governed” does not establish a rule of the governed.
∎ Polarization: Perceived shift in the locus of control leads to

fundamental opposition.
∎ Mal-government:

∎ ”doom loop” (Laura Dodsworth) leads to mal-adaptive decision
procedures in Government and in the general population

∎ High risk of abuse, if there are no protective rights against
psychological control by the state!

Protective rights against psychological control by the state
Polities with no protective rights against psychological control by
the state are bound to suffer in terms of the above.
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Philosophical Considerations

Fundamental Issues with Psychological Control
∎ Fixating opinions presupposes that the fixating agency

infallibly knows the truth.
∎ Strictly impossible in empirical matters as per Descartes’

Dream Argument (among others).
∎ Large groups are actually in error as seen above.
∎ Empirical science requires many leaps of faith.

Methodic doubt as a means for scientific progress
∎ a guard against error,
∎ a remedy against ideology and group think (= ”social error”),
∎ a stimulant in the search for reasons/justifications

(knowledge := justified, true belief).
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Future Modeling

∎ Vastness of economic literature building on rational choice
and social welfare proves the fertility of these concepts.

∎ Interplay of political and opinion dynamics during pandemics.
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Literature
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