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Risk vs. Uncertainty

“All risk assessment approaches have some degree of uncertainty.
When the TTC approach is applied, it is important for both risk
assessors and risk managers to keep in mind that it is a
probability-based screening tool and may have additional
uncertainty.”

SCCS/SCHER/SCENIHR. 2012. Opinion on the Use of the Threshold of Toxicological

Concern (TTC) Approach for Human Safety Assessment of Chemical Substances with

Focus on Cosmetics and Consumer Products, p. 6. (Emphasis added)
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Risk vs. Uncertainty (cont.)

Frank H. Knight. 1921. Risk, Uncertainty, and Profit.

Knightian Uncertainty

”Uncertainty must be taken in a sense radically distinct from the familiar
notion of risk, from which it has never been properly separated. [...] The
essential fact is that ’risk’ means in some cases a quantity susceptible of
measurement, while at other times it is something distinctly not of this
character; and there are far-reaching and crucial differences in the bearings
of the phenomena depending on which of the two is really present and
operating. [...] It will appear that a measurable uncertainty, or ’risk’
proper, as we shall use the term, is so far different from an unmeasurable
one that it is not in effect an uncertainty at all.”
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Risk: What is Risk?

- any situation, in which more than one outcome is possible and
some outcomes are preferable to others

- quantifiable by putting numbers on probabilities

- measurable, manageable ”uncertainty”

- requires perfect (or at least robust) knowledge

- does not preclude rational choice

- randomness is not a problem

- paradigm: gambling situations

Example 1

a) With probability 0.2 win 45 EUR, otherwise nothing
b) With probability 0.25 win 30 EUR, otherwise nothing

Example 2

a) Operate injured knee with success rate of 65% or
b) Not operate with chance of spontaneous recovery of 30%?

Karim Bschir (ETH Zurich) Decisions under Uncertainty: A View from Philosophy



Risk: What is Risk?

- any situation, in which more than one outcome is possible and
some outcomes are preferable to others

- quantifiable by putting numbers on probabilities

- measurable, manageable ”uncertainty”

- requires perfect (or at least robust) knowledge

- does not preclude rational choice

- randomness is not a problem

- paradigm: gambling situations

Example 1

a) With probability 0.2 win 45 EUR, otherwise nothing
b) With probability 0.25 win 30 EUR, otherwise nothing

Example 2

a) Operate injured knee with success rate of 65% or
b) Not operate with chance of spontaneous recovery of 30%?

Karim Bschir (ETH Zurich) Decisions under Uncertainty: A View from Philosophy



Risk: What is Risk?

- any situation, in which more than one outcome is possible and
some outcomes are preferable to others

- quantifiable by putting numbers on probabilities

- measurable, manageable ”uncertainty”

- requires perfect (or at least robust) knowledge

- does not preclude rational choice

- randomness is not a problem

- paradigm: gambling situations

Example 1

a) With probability 0.2 win 45 EUR, otherwise nothing
b) With probability 0.25 win 30 EUR, otherwise nothing

Example 2

a) Operate injured knee with success rate of 65% or
b) Not operate with chance of spontaneous recovery of 30%?

Karim Bschir (ETH Zurich) Decisions under Uncertainty: A View from Philosophy



Risk: Risk and Rational Choice

Expected utilities:
Operation: 80 x 0.65 + 0 x 0.35 = 52
No operation: 100 x 0.3 + 20 x 0.7 = 44

(cf. Hastie and Dawes 2010, p. 28)
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Risk: Definition of a Rational Choice

A rational choice ...

• is based on the decision maker’s current assets. Assets include
not only money, but also physiological state, psychological
capacities, social relationships, and feelings.

• is based on the possible consequences of the choice.

• When these consequences are not determined, their likelihood
is evaluated according to the basic rules of probability theory.

• is a choice that is adaptive within the constraints of those
probabilities and the values or satisfactions associated with
each of the possible consequences of the choice.

(Hastie and Dawes 2010, p. 16)
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Uncertainty

When outcomes are unknown or when we are not able to put
probabilities on outcomes, strictly speaking, the rules of rational
choice theory are not applicable!

⇒ We are confronted with Knightian Uncertainty!

HOW DO WE DECIDE UNDER UNCERTAINTY?
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Uncertainty: The Psychology of Uncertainty

• Humans have a tendency to deny uncertainty. We tend to
apply causal thinking to processes that are genuinely random
(e.g. Tverskey and Edwards 1966 etc.).

• We invest a lot to reduce uncertainty (in daily life, in politics,
in science).

• We tend to underestimate the role of chance in life.

• In the economy, when people realize that there is a situation
of Knightian Uncertaintiy, this can lead to destructive
flight-to-quality behavior. People panic. (cf. Caballero 2009).

• Uncertainty is hard to accept!

In science, this tendency is expressed in the urge to transform
uncertainty into risk, i.e. to use probability-based approaches
even in cases where this might not be possible.
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Uncertainty: The Swine Flu Case (cont.)

Worst Case Scenarios: Guess probabilities

Estimation (Sep 09):
- 30% clinical cases
- 1/1000 die (roughly 20000 deaths in the UK)

In fact:
- 1/1000 did die
- only 0.7% reported clinical cases

⇒ Worst case scenarios are almost certainly wrong!
⇒ Increased skepticism against science
”They told us we all gonna die. And what happened? Nothing!”
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Uncertainty: The Swine Flu Case
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Uncertainty: The Bad News

So again: HOW DO WE DECIDE UNDER UNCERTAINTY?

The bad news:
- There is no generic best practice of how to deal with uncertainty.

But:
- There are valuable approaches in specific cases (e.g. Martin et al.
2007 on the qualitative assessment of uncertainty in the context of
EDCs.)

- It is acknowledged that making explicit he kinds and severity of
the relevant qualitative uncertainties leads do better judgments.
Thinking about qualitative uncertainty helps!
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Uncertainty: A Taxonomy

We can distinguish three different kinds of uncertainties
corresponding to the nature of the judgement to be made
(cf. Bradley and Drechsler 2013)

• Modal uncertainty is uncertainty about what could be the
case. It arises in the context of possibility judgments. In the
most severe case of modal uncertainty, we are unaware of
certain outcomes.

• Empirical uncertainty is uncertainty about what is the case.
It arises in the context of factual judgments. In the most
severe case of empirical uncertainty, we are in complete lack
of knowledge about a certain domain of empirical reality.

• Normative uncertainty is uncertainty about what should the
case. It arises in the context of evaluative judgments. In the
most severe case of normative uncertainty, we face a moral
dilemma.
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Uncertainty: The TTC Case

Given that there is a high level of confidence in
a) the quality of the toxicity databases
b) the exposure data
c) the appropriateness of extrapolations
then TTC can and should be used as reliable risk assessment tool!

However, what might be ”additional uncertainties” (Knightian,
unquantifiable, qualitative) in the application of the TTC
approach?
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Uncertainty: The TTC Case (cont.)

Modal

• Are there potential non-toxicological effects (allergy,
hypersensitivity, intolerance)?

• ...

Empirical

• How robust is the structural similarity approach? Does it need
revision?

• ...

Normative

• How should the application of the TTC be communicated to
the public?

• ...

Karim Bschir (ETH Zurich) Decisions under Uncertainty: A View from Philosophy



Uncertainty: The TTC Case (cont.)

This bread contains
unintentionally added and/or
degradation products of
intentionally added chemicals at
low concentrations with unknown
toxicity. But never mind, we have
assessed the risk for your and
your children’s health using the
probability based Threshold of
Toxicological Concern approach.
There is a very high probability
that you do not have to be
concerned. Thanks for buying
our TTC approved bread!
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THANK YOU!
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