
2019-1 Final Solutions 

 

1a) Player 1 

 Grim Trigger: “Play B in the first stage. Then play B if the outcome has been (B,L) in all 

previous periods; otherwise, player T.” 

 Tit-for-tat: “Play B in the first stage. Then play B if player 2 played L in the previous stage, 

and play T if player 2 played R in the previous stage.” 

  

 Player 2 

 Grim Trigger: “Play L in the first stage. Then play L if the outcome has been (B,L) in all 

previous periods; otherwise, player R.” 

 Tit-for-tat: “Play L in the first stage. Then play L if player 2 played B in the previous stage, 

and play R if player 2 played T in the previous stage.” 

 

1b) First, note that (B,L) corresponds to (Cooperate, Cooperate). Because Grim Trigger provides 

the strongest incentives for cooperation (equivalently, the strongest punishment for 

defection), “(B,L) every period” is possible in SPE exactly when both players playing Grim 

Trigger is a SPE. 

 

 If both players play Grim Trigger: 

- After histories containing a defection by either player, both players are supposed to 

always defect. In these subgames, both are best responding since if you can’t influence 

your opponent’s play, you have no reason to cooperate. 

- At histories where both players are supposed to cooperate, the total discounted payoff 

from continued cooperation must at least equal the one from defection. Thus, for player 

1, the payoff stream (14,14,14,…) must be worth more than (24,12,12,…), so: 
14

1 − 𝛿1
≥ 24 +

12𝛿1

1 − 𝛿1
 

  This is equivalent to: 

𝜹𝟏 ≥ 𝟓/𝟔 

For player 2, (13,13,13,…) must be worth more than (20,10,10,…), so: 
13

1 − 𝛿2
≥ 20 +

10𝛿2

1 − 𝛿2
 

  This is equivalent to: 

𝜹𝟐 ≥ 𝟎. 𝟕 

 

1c) None. If the game reaches period 100, players know that they are playing a one-shot game, 

so in SPE, they must play (T,R) regardless of history. This means that if the game reaches 

period 99, in SPE, players know that they can’t influence what happens in period 100, which 

means that they would simply maximize their immediate period-99 payoff. Thus, in period 

99, (T,R) is played regardless of history in any SPE. This reasoning can be extended all the 

way back to period 1, so in fact, (B,L) can never be played in SPE in this game. 

 

 Note: This is essentially the same as in a standard finitely repeated prisoner’s dilemma. The 

reason is that, even though we don’t know when the game will end, we do know that it 

cannot go beyond stage 100, which allows us to start the reasoning from that stage. 



2a) (T,L), (T,R) and (B,R) are Pareto efficient: (T,L) and (B,R) are player 2 and player 1’s best 

outcomes respectively, so changing to any other outcome would make someone worse off. 

As for (T,R), the only other outcome that’s at least as good for player 1 is (B,R), but moving 

to (B,R) would make player 2 worse off. Thus none of these outcomes is Pareto dominated. 

  

 (B,L) is Pareto dominated by all three other outcomes, as moving to any of them would make 

both players better off. 

 

2b) By inspection, it is easy to see that (T,L) and (B,R) are the pure-strategy NEs. 

In any NE where both players randomize, both players need to be indifferent between their 

actions. Thus, letting p be the probability of T, and q be the probability of L, we need: 

𝐸𝑈1(𝑇) = 𝐸𝑈1(𝐵) 

2𝑞 + 5(1 − 𝑞) = 𝑞 + 6(1 − 𝑞) 

𝑞 = 0.5 
and 

𝐸𝑈2(𝐿) = 𝐸𝑈2(𝑅) 

3𝑝 − 2(1 − 𝑝) = 2𝑝 

𝑝 = 2/3 

Thus (
𝟐

𝟑
𝑻,

𝟏

𝟑
𝑩; 

𝟏

𝟐
𝑳,

𝟏

𝟐
𝑹) is a NE. 

Finally, there is no NE where only one player randomizes. If one player plays a pure strategy, 

given the game’s payoffs, the other player’s best response is also pure. Thus, in this game, it 

is not possible for exactly one player to play a pure strategy in NE: it’s either zero or two. 

 

2c) First, note that expected payoffs under the three NEs are (2,3), (6,0) and (3.5, 4/3). These are 

the only possible payoffs in stage 2 because, in SPE, a NE of the stage game must be played 

in the last stage regardless of history. 

 

 If (T,R) is played for sure in stage 1, then either player would earn a higher payoff in stage 1 

by deviating unilaterally. Therefore, any SPE must give both players an incentive against 

deviating in stage 1. This means that the stage 2 payoff that follows (T,R) in stage 1 cannot 

be the worst NE payoff for either player: otherwise, that player would not lose anything in 

stage 2 after deviating in stage 1. Thus, the stage 2 payoffs following (T,R) in stage 1 cannot 

be (2,3) or (6,0), as these are the worst for player 1 and player 2 respectively. It follows that, 

in stage 2, the expected payoffs must be (3.5, 4/3) if (T,R) was played in stage 1. 

 

 To deter player 1 from deviating to B in stage 1, if (B,R) is played in stage 1, payoffs must be 

(2,3) in stage 2. Then player 1 is no worse off playing T in stage 1 if: 

5 + 3.5𝛿 ≥ 6 + 2𝛿 
 This is equivalent to: 

𝛿 ≥ 2/3 
 To deter player 2 from deviating to L in stage 1, if (T,L) is played in stage 1, payoffs must be 

(6,0) in stage 2. Then player 2 is no worse off playing R in stage 1 if: 

2 + 4𝛿/3 ≥ 3 
 This is equivalent to: 

𝛿 ≥ 3/4 

 Thus, for both conditions to hold, we need 𝜹 ≥ 𝟑/𝟒. 



3a) Choosing a low stake might make sense for player 1 even if a high stake is available for free 

because choosing a high stake leads player 2 to shirk in anticipation that player 1 would 

then make effort (because a 2-unit cost is worth it for 60% of a 5-unit benefit). By contrast, 

leaving a higher stake for player 2 can incentivize player 2 to work, allowing player 1 to 

avoid making effort and still benefit from project completion. 

 

 Specifically, in this game, player 1 is indifferent between Effort and Neglect after (L,S). If 

player 2 believes that player 1 would choose Effort, then player 2 would shirk even if player 

1 chooses a low stake. In that case, player 1 has no reason for choosing a low stake; this is 

what happens in the first SPE. On the other hand, if player 2 believes that player 1 would 

choose Neglect after (L,S), then player 2 would work when player 1 chooses a low stake, as 

otherwise the project would not be completed. This is when it makes sense for player 1 to 

choose a low stake, which is what happens in the second SPE. 

 

3b) Clearly, (H,W,E), (L,W,E) and (H,S,N) cannot occur under any SPE, as player 1’s last 

action would not constitute a best response in each of these cases. 

 Moreover, (H,W,N) cannot occur under any SPE: if player 1 plays H, player 2 knows that 

playing S would lead to (H,S,E) and a payoff of 2, which is better than playing W. 

 

3c) We’re looking for an SPE where (H,S,E), (L,W,N), (L,S,E) and (L,S,N) all occur with 

positive probability. This implies that player 1 randomizes after (L,S), player 2 randomizes 

after L, and player 1 randomizes initially. 

 

 For player 2 to randomize after L, player 2 must be indifferent between playing W (leading 

to (L,W,N) and a payoff of 1) and S. Thus, after (L,S), player 1 randomizes in a way that 

makes player 2’s expected payoff equal to 1, i.e. E with probability 1/3, and N with prob. 2/3. 

 

 For player 1 to randomize initially, player 1 must be indifferent between playing H (leading 

to (H,S,E) and a payoff of 1) and L. Thus, after L, player 2 randomizes in a way that makes 

player 1’s expected payoff equal to 1, i.e. W with probability 1/2, and S with prob. 1/2. 

 

 It follows that any answer must be of the form: 

- Player 1 randomizes between H and L initially. (Any probabilities in (0,1) adding up 

to 1 are fine.) 

- Player 2 plays S after H, and plays W with prob. ½ and S with prob. ½ after L. 

- Player 1 plays N after (H,W) or (L,W), E after (H,S), and E with prob. 1/3 and N 

with prob. 2/3 after (L,S). 

 

4. C is dominated by R (7<8, 3<5, 5<6, 1<2) 

 In the reduced game, Y is dominated by X (3<4, 2<4) 

  Note: Y is also dominated by any strategy of form pW, (1-p)Z for 𝑝 ∈ (0.6,0.8). 

 No further step is possible: W, Z, L and R cannot be deleted because they are best responses 

to L, R, Z and W/X respectively. X cannot be deleted because no mixture of player 1’s other 

strategies (W and Z) dominates X: for a mixture of W and Z to give expected payoff greater 

than 4 against L, the probability of W must be at least 0.8. But then that mixture leads to an 

expected payoff below 2 after R, which is worse than how X does against R. 



5. FALSE: The EU theorem implies that, if the four relevant axioms are satisfied by an agent’s 

preferences over lotteries, it is possible to find utility values to outcomes such that the 

expected utility function represents those preferences. But it is not true that any utility values 

would work. For example, if you flip the order of the utility values assigned to outcomes, 

you’re also flipping the order of the lotteries’ expected utilities, meaning that you’re actually 

representing the opposite preferences. 

 

6a) Emergency Department doctors often face addicts that claim to be experiencing severe pain 

in order to obtain a prescription for painkillers to which they are addicted. They are in a 

prisoner’s dilemma in the sense that they might all be better off if all doctors refused to 

prescribe addictive drugs to such patients, but because of hospital policies (see below), they 

are better off prescribing those drugs, holding other doctors’ actions fixed. 

 

 Hospitals that have a policy of evaluating doctors based on patient satisfaction survey 

contribute to this problem, as addicts tend to rate a doctor that denies them drugs poorly. This 

gives doctors an incentive to prescribe addictive painkillers even when the patient requesting 

them does not need them. 

 

6b) Because the above satisfaction surveys ask about the hospital department that releases the 

patient, Emergency Departments are typically rated by the least seriously ill patients (as the 

most ill ones usually go to another department/hospital before being discharged). Many of 

these patients are the aforementioned addicts. It can be argued that, by using such surveys, a 

hospital pushes their Emergency Department to neglect the most critically ill patients. This 

may expose the hospital to lawsuits. 


