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+ World Cup Bic

As the host of the World Cup in 2002, Qatars

national football tceam automaticaﬂy participatcs.

What is the probability that Qatars national team

will win its first match in that tournament?
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«The Nature of Probability

Suppose that you believe that the probability of
(Qatars national team winning its first match is 0.45.

W hat exactly does this number mean?
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«The Nature of Probability

There are two broad sets of positions conccming

what the numbers of probability mean:

Objectivism: The numbers corrcspond to fﬂa‘s
abourt the external world concerning whether an

event will or will not occur.

Subjectivism: The numbers correspond to the

ngI'CC O Wthh d PCI‘SOH éf/l'c”?/&? an cvent WIL or

will not occur.
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Probabilistic Obiectivi

There are three major compcting intcrpretations of

probability made by objectivists:
1. The classical interpretation,
2. 'The frequency interpretation, and

3. The propensity interpretation.
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According to the classical intcrpretation, the

probability of an event E CXpresses a ratio:

P <E> _ Number OprSSlblC outcomes WhCI'C E may occur

Total number OprSSiblC outcomes
The crucial assumptions are that (1) the possible
outcomes are mutually exclusive, and (2) each is

eqm//y probablc of occurring.
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For examplc let E = “a fair coin lands heads up on at

least one of two coin flips” Whatis P(E)?

Notice that there is a total of four equally possiblc
outcomes involved here: (1) HH, (2) HT. (3) TH,

and (4) T'T. Of these four outcomes, event E occurs in

exactly three of them: (1) HH, (2) HT and (3) TH.
So putting this together, P(E) = %.
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This definition of probability conforms to the

Kolmogorov axioms of probability.

For instance, K3 holds thatif events A and B cannot both
be true, then P(A or B) = P(A) + P(B). Suppose that the
total number of possible outcomes is £, where event A
occurs in 7 of these outcomes while event B occurs in ] of
them. So P(A) =%, and P(B) =74. Since A and B cannot
both occur in the same outcome, P(A or B) =7, Finally,
notice that 7/ =%, + /4, and so K3 holds.
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Problems

Circularity: Cannot define “probability” by
refcrcncing theidea of “cqualiy probabic’i

Uniqueness: For a unique event, like Qatar first

footbali match 1n 2022, thC outcomes arc ((Wiﬂ)) and

19

lose” which are hardly Cquaﬂy probable So what

C_OCS It mean to say Oone outcome 1s more probable?

Inﬁnity: If there are an infinite number of OUutCoOMes,

then the probability for any singlc outcome 1S O.
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According to the frequency interpretation, the

probability of an event E CXpresses a ratio:

D ( E) _ Number of trials where E has occurred |

Total number of trials
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Once again, let E = "a fair coin lands heads up onat

least one of two coin ﬂipsji Whartis P(E)?

According to the frcqucntist, [ need to run many
trials, where in each trial [ flip the coin twice. I then
count the total number of trials done and the number
of trails where at least one heads occurs. So suppose |
do the trial 1,000 times and E happens in 767 of these
trials. In this case, P(E) =767/ 1,000 = 0.767.
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This definition of probability also conforms to the

Kolmogorov axioms of probability.

Again, K3 holds that if events A and B cannot both
be true, then P(A or B) = P(A) + P(B). Suppose that

the total number of trials is £, where event A occurs in

; of these trials while event B occurs in / of them. So
P(A) =%, and P(B) =/4. Since A and B cannot both

occur in the same trial, P(A or B) = /. Finally, notice
that 4/ = %, + /4, and so K3 holds.
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+Problem

But what happons if I do the trial 1,000 MOre times,

and £ occurs in 736 of these trials?
Does P(E) =736/1,000 =0.736, or
DoesP(E) = (767 +736)/(1,000 + 1,000) = 0.7515 ?

Both are problematic for the frequoncy interpretatiori
because it says probability 1S objemve, and if cthe
pbysical objoct (the coin) has not cbangcd, then how

can the probability cbange as more trials are done?
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+Problem

The problem with the frequency Interpretation is
that it is sensitive to the reference class, which is the
set of trials that are used to determine the probability.
Itis cxtremcly dithcult to know which is the right one
to use, and it OCLS CVeNn mMore complicatcd if only one
trial is possible, as in the case of unique events like

Qatars opening match at the 2022 World Cup.
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Some trequentists, like John Venn (of the diagram)
believe that the proper reference class is the result

of conducting the trial an mﬂm'fe number of times.
We do not rely solely on the observed trials. The
probability of E is its limiting frequency, the ratio of

1t occurring in that infinite number of trials.
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Problems

No Limit: Whac if chere is no convergence on a

single number? The ratio could oscillate forever:

Ignorance: We may have no idea what the
probabilities are for many events (especially

unique ones, like Qatars first match in 2022).

Identity: Can two trials reaﬂy be Cxactly

the “same” trial? Maybc every event 1S uniquc.
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The P v .

According to the propensity intf:rprctation the
probabdlty of an event E represents the tcndency of

tnat cvent to occur glVCH certain ObJCCUVC featur CS Of

the external world.

For instance, a fair coin is around 50% likcly to land

heads up because its physical fcaturcs, Couplcd with
the laws of gravity and so forth, cause it to land heads
up about once in CVEry two ﬂips. Similar arguments

may bC constr UCth cven fOl’ uniquc cvents.
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Problems

Circularity: What is meant by the “tendeney” for an

event to occur? ﬂllS aimost SOUHdS cireuiar.

Objectivity: In what sense do “tendencies exist in the

physieai, obj ective world?

Ignorance: Similar to iimiting frequencies,
we may have no idea what the probabiiities

zile ICOI’ many cvents.
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+Problem

The most serious problern with che propensity VIEW 1S

1tS understanding of conditional probability. Recall

that if we know P(A | B), we can use Bayes theorem

to determine P(B | A). For instance,

et A = “the train

arrives on time at its destination’ and

B = “the train

departed its origin on time” Both P(A | B) and

P(B | A) make sense as probabilities,

buc P(B | A)

dOCS 70t make SCNSC asS a propensity beeause

propensity assumes ternporal and causal directions.
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»1ne Ecumenical Approach

According to the ecumenical approach, different
cvents may be treated with different intcrprctations

of probability. Itisa pluralistic view.

So the probability that the coin lands heads up is

interpreted objectz'vely, while the probability that

QQatars national football team wins its first match at

the 2022 World Cup s intcrprctccl ruéjm‘z've/ .
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The main problcm with such

»1ne Ecumenical Approach

an approach 1S dcciding

how to interpret the probability of ‘mixed” events.

For instance, what is the proper intcrprctation of the

event that the coin lands heads up and Qatar wins ics

first match in the World Cup. Thatis, is the number

representing P(Hand Q) MaKing an obj cCtive or

subj cective claim? Or, if both,

NOW can a sing]e number

be both obj ective and subjective simultancously?
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Next Class. ..

We will look at the form of subjf:ctivc probability

endorsed by most Bayesians.
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