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Central Topics in the Philosophy of Science

Problem Set 7, due December 3rd at the lecture

From now on, please hand in your solutions at the lecture. Please hand in your solutions in paper if possible.

Please solve the following problems. Make sure to explain your reasoning. You get 5 points for each problem
if the calculation is correct and if the reasoning is well-explained.

(1) (Condorcet’s pub quiz) Mary, Linda, and Paul are a group of stereotypical computer science students
who are very much into the Condorcet pub quiz. The quiz proceeds the same way every week, it is
asking several yes/no questions and the group which got most of them right is the winner. All three
of them are extremely shy and hence they don’t discuss but only vote in an app they were developing
just for the pub quiz. The app takes the votes and after each of them has voted it outputs the majority
vote. Assume each of them votes independently and the chance of getting the right option is:

• Mary 80% , Linda 70%, Paul 70%

a) Model Mary’s, Linda’s, Paul’s votes and the majority vote as propositional variables. What is
the chance of the group voting correctly on a question?

b) Ann and Jan want to join the group. Ann has a 70% accuracy and Jan 60%. Does the chance for
the group voting correctly rise if they join?

c) Assume the group rejected Ann and Jan as members for some reason. However, they realized
that Mary is the quiz-genius in the group. Hence, they added a mechanism by which Mary votes
first, the others see Mary’s vote and decide with this information what to vote. Assume, that

P (Linda | Mary) = 0.8, P (Linda | ¬Mary) = 0.3, P (Paul | Mary) = 0.8, P (Paul | ¬Mary) = 0.3

Draw the Bayesian network for that scenario.

d) What is the probability of the group voting correct in scenario c)?

e) How do you interpret the results a),b), and d)?

(2) Paris (1996, p. 75) proves that a probability function that maximises
∑

ω∈Ω log(P (ω)) is language
invariant (proposition 6.3). The principle of maximum entropy (MaxEnt) compels (a rational) reasoner
to adopt a probability function which maximises -

∑
ω∈Ω P (ω) log(P (ω)). Adapt the proof in order to

show that a probability function chosen according to the MaxEnt is language invariant as well.

Hints: CML
∞(K)(αi) is the probability of ωi assigned by this way of picking probabilities. pn+1 is our

X = x, ¬pn+1 is our X 6= x. AtL is our Ω. V L(K) is the set of permissible probability functions on
Ω. The τj are our ωj . ρj is our ωj ∩X = x or ωj ∩X = x̄.

(3) You’re a contestant in a game show and you’re given the following information. There are 2 urns
containing 10 balls each. All of the balls are either red or blue. In the first urn there are 5 red balls
and in the second urn 3 red balls. The drawing method also depends on the urn. We draw with
replacement from the first and without from the second urn. At the start of the guessing game an urn
is chosen at random with 50% chance each.

a) You are told that 1 red and 2 blue balls were drawn, but not in what order. However, you know
that all three balls were drawn from the same urn. Which color do you consider more likely to be
drawn next?

b) What if you were told a specific order as well? Would it affect your confidence? Why?



c) You were in a hurry and you left your bike on an inappropriate spot. A city ranger patrols around
there every half an hour. As you left your bike, the city ranger just walked by without saying
anything. Each time there’s a 1 in 10 chance he’ll spot your bike. How likely it is that you’ll go
home without a ticket, if the shooting of the show will take 4 hours?

(4) Let ⊥⊥ be an independence relation. Use the Semi-Graphoid axioms to show that

a) X ⊥⊥ Y,W | Z and Y ⊥⊥ W | Z imply X,W ⊥⊥ Y | Z, and

b) A ⊥⊥ B,C | D and E ⊥⊥ B | A,D imply E ⊥⊥ B | D.

(5) Consider the following Bayesian network 〈G,P 〉 for which all three variables are binary.

X Y Z

The probability distribution P is given by P (X) = p, P (Y | X) = q, P (¬Y | ¬X) = q, P (Z | Y) = q,
and P (¬Z | ¬Y) = q.

a) Let p = 0.5 and q = 1. Show that this particular distribution P0 implies that X ⊥⊥ Y | Z.

b) The Parental Markov condition (PMC), characteristic for all Bayesian Networks, does not imply
that X ⊥⊥ Y | Z. Can you explain in natural language why this conditional independence holds
with respect to P nevertheless?

c) We say that a Bayesian Network 〈G,P 〉 is faithful to P if the PMC imposed on G entails all and
only the conditional independences of P . Explain why our Bayesian Network is unfaithful with
P0 and what the Faithfulness condition would require, if it were not violated.

d) Only one of the Faithfulness condition and the PMC entails that the arrow between X and Y
expresses a direct dependence between X and Y . Which one?

e) In the example of (a), for which values of q is the Faithfulness condition satisfied?

(6) Let 〈G,P 〉 be a Bayesian Network. We say that the DAG G is minimal with P if the following holds:
if we remove any arrows from G, the resultant DAG G′ no longer satisfies the PMC with P.

a) Suppose the only conditional independence of P is Y ⊥⊥ Z | X. Which of the following DAGs is
minimal with P? Explain your decision.

X

Y Z
(i)

X

Y Z
(ii)

X

Y Z
(iii)

b) Can a DAG satisfy the Minimality condition with a distribution without being faithful to this
distribution?
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