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GAME TREE

• THE GAMES ANALYZED SO FAR ASSUME THAT PLAYERS CHOOSE 
THEIR STRATEGIES SIMULTANEOUSLY.

• THE TIME DIFFERENCE BETWEEN ONE PLAYER’S CHOICES AND HER 
OPPONENT IS SMALL ENOUGH TO BE MODELED AS IF PLAYERS 
ACTED AT THE SAME TIME.

• EXAMPLES: ROCK-PAPER-SCISSORS GAME, OR PENALTY KICKS.

• IN SOME REAL-WORLD SCENARIOS, PLAYERS MAY ACT 
SEQUENTIALLY, WITH ONE PLAYER CHOOSING HER STRATEGY 
FIRST (THE LEADER) AND ANOTHER PLAYER (THE FOLLOWER) 
RESPONDING WITH HER STRATEGY CHOICE DAYS OR EVEN 
MONTHS LATER.
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GAME TREE
• EXAMPLE: A POTENTIAL ENTRANT FIRST CHOOSES

WHETHER TO ENTER AN INDUSTRY WHERE AN INCUMBENT
OPERATES AS A MONOPOLIST.
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Figure 13.1a



GAME TREE

• EXAMPLE: FIRM 2 DOES NOT OBSERVE THE MOVE OF ITS
OPPONENT (FIRM 1) IN PREVIOUS STAGES

6
Figure 13.1b

“Information set.”
Firm 2 does not know 
at which node it gets 
to play.



WHY DON’T WE JUST FIND THE NASH 
EQUILIBRIUM OF THE GAME TREE?
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WHY NOT TO APPLY NE TO
SEQUENTIAL-MOVE GAMES?

• NE CAN HELP US AT IDENTIFYING EQUILIBRIUM BEHAVIOR
IN A GAME TREE THAT DEPICTS PLAYERS’ SEQUENTIAL
MOVES.

• BUT THE NE PROVIDES US WITH SEVERAL EQUILIBRIA.

• SOME OF THESE EQUILIBRIA MAY BE INSENSIBLE IN A
CONTEXT WHERE PLAYERS ACT SEQUENTIALLY.
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WHY NOT TO APPLY NE TO
SEQUENTIAL-MOVE GAMES?

• EXAMPLE 13.1: APPLYING NE TO THE ENTRY GAME.

• CONSIDER THE ENTRY GAME AGAIN. TO FIND THE NES, WE
FIRST NEED TO REPRESENT THE GAME IN ITS MATRIX FORM.

9
Figure 13.1a

Potential entrant

In Out

Incumbent
Accommodate 4,4 10,0

Price war −2,−2 10,0

Matrix 13.1



WHY NOT TO APPLY NE TO
SEQUENTIAL-MOVE GAMES?

• EXAMPLE 13.1 (CONTINUED):

• INCUMBENT’S BEST RESPONSES.
• 𝐵𝐵𝐵𝐵𝑖𝑖𝑖𝑖𝑖𝑖 𝐼𝐼𝐼𝐼 = 𝐴𝐴𝐴𝐴𝐴𝐴 BECAUSE 4 > −2 AND 𝐵𝐵𝐵𝐵𝑖𝑖𝑖𝑖𝑖𝑖 𝑂𝑂𝑂𝑂𝑂𝑂 = {𝐴𝐴𝐴𝐴𝐴𝐴,𝑊𝑊𝑊𝑊𝑊𝑊} BECAUSE BOTH

YIELD A PROFIT OF 10.

• ENTRANT’S BEST RESPONSES.
• 𝐵𝐵𝐵𝐵𝑒𝑒𝑒𝑒𝑒𝑒 𝐴𝐴𝐴𝐴𝐴𝐴 = 𝐼𝐼𝐼𝐼 BECAUSE 4 > 0 AND 𝐵𝐵𝐵𝐵𝑒𝑒𝑒𝑒𝑒𝑒 𝑊𝑊𝑊𝑊𝑊𝑊 = 𝑂𝑂𝑂𝑂𝑂𝑂 BECAUSE 0 > −2.
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Potential entrant

In Out

Incumbent
Accommodate 4, 4 10, 0

Price war −2,−2 10, 0

Matrix 13.2



WHY NOT TO APPLY NE TO
SEQUENTIAL-MOVE GAMES?

• EXAMPLE 13.1 (CONTINUED):

• WE FOUND TWO NE (STRATEGY PROFILES WHERE PLAYERS
CHOOSE MUTUAL BEST RESPONSES):

(𝐴𝐴𝐴𝐴𝐴𝐴, 𝐼𝐼𝐼𝐼) AND (𝑊𝑊𝑊𝑊𝑊𝑊,𝑂𝑂𝑂𝑂𝑂𝑂). 

• DO YOU NOTICE SOMETHING FISHY ABOUT (𝑊𝑊𝑊𝑊𝑊𝑊,𝑂𝑂𝑂𝑂𝑂𝑂)?
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• It is not sequentially rational.
• The incumbent must take entry

as given. Its best option when
the entrant is In is to
accommodate instead of
initiating a War.

• The incumbent’s threat to start
a war upon entry is
noncredible. Figure 13.1a



SUBGAME-PERFECT EQUILIBRIUM
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SUBGAME-PERFECT EQUILIBRIUM

• SUBGAME-PERFECT EQUILIBRIUM (SPE) IS A NEW SOLUTION 
CONCEPT WHICH IDENTIFIES ONLY NES THAT ARE 
SEQUENTIALLY RATIONAL (I.E., THOSE THAT ARE NOT BASED 
ON CREDIBLE BELIEFS).

• TO PREDICT HOW PLAYERS BEHAVE IN THESE SEQUENTIAL 
CONTEXTS, WE APPLY BACKWARD INDUCTION.
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SUBGAME-PERFECT EQUILIBRIUM
• TOOL 13.1. APPLYING BACKWARD INDUCTION:

1. GO THE FARTHEST RIGHT SIDE OF THE GAME TREE, AND FOCUS ON THE 
LAST MOVER.

2. FIND THE STRATEGY THAT YIELDS THE HIGHEST PAYOFF FOR HER.

3. SHADE THE BRANCH THAT YOU FOUND TO YIELD THE HIGHEST PAYOFF.

4. GO TO THE NEXT-TO-LAST MOVER AND, FOLLOWING THE RESPONSE 
OF THE LAST MOVER IN STEP 3, FIND THE STRATEGY MAXIMIZING HER 
PAYOFF.

5. SHADE THE BRANCH THAT YOU FOUND TO YIELD THE HIGHEST PAYOFF 
FOR THE NEXT-TO-LAST MOVER.

6. REPEAT STEPS 4-5 FOR THE PLAYER ACTING BEFORE THE PREVIOUS-TO-
THE LAST MOVER, AND THEN FOR EACH PLAYER ACTING BEFORE HER, 
UNTIL YOU REACH THE FIRST MOVER AT THE ROOT OF THE GAME.
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SUBGAME-PERFECT EQUILIBRIUM
• EXAMPLE 13.2: BACKWARD INDUCTION IN THE ENTRY 

GAME.

• TO APPLY BACKWARD INDUCTION, WE FIRST FOCUS ON THE 
LAST MOVER, THE INCUMBENT.

• COMPARING ITS PAYOFF FROM ACCOMMODATING ENTRY (4) AND PRICE 
WAR (−2), ITS BEST RESPONSE IS TO ACCOMMODATE.

• SHADE THE BRANCH CORRESPONDING TO ACCOMMODATE.

15Figure 13.2



SUBGAME-PERFECT EQUILIBRIUM

• EXAMPLE 13.2 (CONTINUED):

• NEXT, MOVE TO THE PLAYER ACTING BEFORE THE INCUMBENT.
• THE ENTRANT CAN ANTICIPATE THAT IF IT ENTERS, THE INCUMBENT WILL

ACCOMMODATE, YIELDING A PAYOFF OF 4.

• IF INSTEAD, THE ENTRANT STAYS OUT, ITS PAYOFF IS ONLY 0.

• THE SPE AFTER APPLYING BACKWARD INDUCTION IS 
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸,𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 = (4,4).
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Figure 13.2



SUBGAME-PERFECT EQUILIBRIUM IN
MORE INVOLVED GAMES

• WE EXPLORE HOW TO APPLY BACKWARD INDUCTION, AND FIND 
SPES, IN GAMES WHERE AT LEAST ONE PLAYER FACES AN 
INFORMATION SET.

• WHEN SHE DOES NOT OBSERVE THE MOVES FROM A PREVIOUS 
PLAYER BEFORE SHE IS CALLED ON TO MOVE.

• A SUBGAME IS A PORTION OF THE GAME TREE THAT CAN BE CIRCLED 
AROUND WITHOUT BREAKING ANY INFORMATION SET.
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Figure 13.2



SUBGAME-PERFECT EQUILIBRIUM IN
MORE INVOLVED GAMES

• EXAMPLE 13.3: APPLYING BACKWARD INDUCTION IN MORE 
INVOLVED GAME TREES.

• CONSIDER A GAME WHERE FIRM 1 ACTS AS THE FIRST MOVER, 
CHOOSING EITHER UP OR DOWN.

• FIRM 2’S UNCERTAINTY ABOUT WHICH ACTION FIRM 1’S CHOOSES 
IS REPRESENTED BY THE DOTTED LINE (“INFORMATION SET”).
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Figure 13.3



SUBGAME-PERFECT EQUILIBRIUM IN
MORE INVOLVED GAMES

• EXAMPLE 13.3 (CONTINUED):
• BEFORE APPLYING BACKWARD INDUCTION, WE FIRST FIND SUBGAMES.

• STARTING FROM FIRM 2, THE SMALLEST SUBGAME IS THE ONE INITIATED AFTER FIRM 1 
CHOOSES UP, LABELED AS “SUBGAME 1.”

• THE ONLY OTHER SUBGAME IS THE “GAME AS A WHOLE.”
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Figure 13.4a



SUBGAME-PERFECT EQUILIBRIUM IN
MORE INVOLVED GAMES

• EXAMPLE 13.3 (CONTINUED):

• CIRCLES THAT BREAK FIRM 2’S INFORMATION SET ARE NOT 
SUBGAMES.
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Figure 13.4b



SUBGAME-PERFECT EQUILIBRIUM IN
MORE INVOLVED GAMES

• EXAMPLE 13.3 (CONTINUED):

• SUBGAME 1.
• FIRM 2 DOES NOT OBSERVE WHICH ACTION FIRM 1 CHOSE (𝐴𝐴 OR B).

• WE FIND BEST RESPONSES PAYOFFS. THE NE OF SUBGAME 1 IS (𝐴𝐴,𝑋𝑋) = (3,4).
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Firm 2

X Y

Firm 1
A 3,4 1,4
B 2,1 2,0

Matrix 13.3

Firm 2

X Y

Firm 1
A 3, 4 1, 4
B 2, 1 2, 0

Matrix 13.4



SUBGAME-PERFECT EQUILIBRIUM IN
MORE INVOLVED GAMES

• EXAMPLE 13.3 (CONTINUED):
• THE GAME AS A WHOLE.

• FIRM 1 MUST CHOOSE BETWEEN UP AND DOWN, ANTICIPATING THAT IF IT 
CHOOSES UP, SUBGAME 1 WILL START. FIRM 1 CAN SIMPLIFY ITS DECISION:

• THE SPE OF THIS GAME IS (𝑈𝑈𝑈𝑈, (𝐴𝐴,𝑋𝑋)) = (3,4).
22

Figure 13.5

• Because 3 > 2, she 
prefers Up.



 Saturday Night Massacre

SPNE is... 



REPEATED GAMES
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REPEATED GAMES

• GAMES WHERE PLAYERS INTERACT ONLY ONCE ARE KNOWN AS 
“ONE-SHOT GAMES” OR “UNREPEATED GAMES.”

• THEY MODEL SCENARIOS IN WHICH PLAYERS DO NOT ANTICIPATE 
INTERACTING AGAIN.

• HOWEVER, THERE ARE SITUATIONS IN EACH AGENTS INTERACT 
SEVERAL TIMES, AND SO THEY FACE THE GAME REPEATEDLY. 

• EXAMPLES:
• TREASURY BILL AUCTIONS.
• PRICE COMPETITION BETWEEN A GROUP OF FIRMS IN AN 

INDUSTRY.
• PRODUCT DECISIONS OF COUNTRIES PARTICIPATING IN THE OPEC.
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REPEATED GAMES

• REPEATED GAMES CAN HELP US RATIONALIZE COOPERATION IN 
CONTEXTS WHERE SUCH COOPERATION COULD NOT BE SUSTAINED IF 
PLAYERS INTERACT ONLY ONCE.

• CONSIDER THE FOLLOWING PRISONER’S DILEMMA GAME.

• THE ONLY NE OF THE GAME IS (𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶,𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶) = (−4,−4).
• THIS OUTCOME IS INEFFICIENT. PLAYERS COULD BE BETTER OFF IF THEY BOTH 

CHOOSE NOT TO CONFESS, SERVING ONLY 1 YEAR IN JAIL. 
• WE EXPLORE IF SUCH A COOPERATIVE OUTCOME CAN BE SUSTAINED WHEN 

THE GAME IS REPEATED. 
25

Player 2

Confess Not confess

Player 1
Confess −4,−4 0,−7

Not confess −7,0 −1,−1

Matrix 13.5



FINITE REPETITIONS

• CONSIDER THE GAME IS REPEATED 𝑇𝑇 PERIODS, WHERE 𝑇𝑇 IS A FINITE 
NUMBER (E.G., 2 TIMES, OR 500 TIMES).

• EVERY PLAYER CHOOSES HER ACTION IN STAGE 𝑡𝑡 = {1,2, … ,𝑇𝑇}, AND 
AN OUTCOME EMERGES, WHICH IS PERFECTLY OBSERVED BY BOTH 
PLAYERS.

• THEN STAGE 𝑡𝑡 + 1 STARTS, WHEREBY EVERY PLAYER CHOOSES HER 
ACTION.

• THIS IS A SEQUENTIAL-MOVE GAME. EVERY PLAYER, WHEN 
CONSIDERING HER MOVE AT STAGE 𝑡𝑡 + 1, PERFECTLY OBSERVES THE 
PAST HISTORY OF PLAY BY BOTH PLAYERS FROM STAGE 1 UNTIL 𝑡𝑡.

• GIVEN THIS HISTORY, EVERY PLAYER RESPONDS WITH HER CHOICE AT 
STAGE 𝑡𝑡 + 1.
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FINITE REPETITIONS
• WE USE BACKWARD INDUCTION TO SOLVE FOR THE SPE OF THE GAME:

• PERIOD 𝑇𝑇. 
• IN THE LAST ROUND OF PLAY AT 𝑡𝑡 = 𝑇𝑇, EVERY PLAYER’S STRICTLY DOMINANT 

STRATEGY IS 𝐶𝐶, BEING (𝐶𝐶,𝐶𝐶) THE NE.

• PERIOD 𝑇𝑇 − 1.
• IN THE NEXT-TO-LAST STAGE, 𝑡𝑡 = 𝑇𝑇 − 1, EVERY PLAYER CAN ANTICIPATE THAT 

(𝐶𝐶,𝐶𝐶) WILL ENSUE IF THE GAME PROCEEDS UNTIL STAGE 𝑡𝑡 = 𝑇𝑇, AND THAT 
BOTH PLAYER WILL BE CHOOSING 𝐶𝐶 REGARDLESS OF THE OUTCOME IN 𝑇𝑇 −
1.

• EVERY PLAYER FINDS 𝐶𝐶 A STRICTLY DOMINANT STRATEGY ONCE MORE, AND 
THE NE IS AGAIN (𝐶𝐶,𝐶𝐶).

• PERIOD 𝑇𝑇 − 2.
• A SIMILAR ARGUMENT APPLIES, AND THE NE OF THE STAGE IS IS (𝐶𝐶,𝐶𝐶).
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FINITE REPETITIONS

• (𝐶𝐶,𝐶𝐶) IS THE NE OF EVERY STAGE 𝑡𝑡, FROM THE BEGINNING OF THE 
GAME, AT 𝑡𝑡 = 1, TO THE LAST STAGE, 𝑡𝑡 = 𝑇𝑇.

• THEREFORE, THE SPE OF THE GAME HAS EVERY PLAYER CHOOSING 𝐶𝐶
AT EVERY ROUND REGARDLESS OF THE OUTCOMES IN PREVIOUS 
ROUNDS.

• THE EXISTENCE OF A TERMINAL PERIOD MAKES EVERY INDIVIDUAL 
ANTICIPATE THAT BOTH PLAYERS WILL DEFECT DURING THAT PERIOD.

• PLAYERS IN PRIOR STAGES FIND NO BENEFIT FROM COOPERATING 
BECAUSE THE LAST STAGE OUTCOME IS UNAFFECTED BY PREVIOUS 
MOVES.
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INFINITE REPETITIONS

• CONSIDER AN INFINITELY REPEATED PRISONER’S DILEMMA GAME.

• AT ANY GIVEN MOMENT, PLAYERS CONTINUE TO PLAY THE GAME ONE 
MORE ROUND WITH SOME PROBABILITY 𝑝𝑝. 

• EVEN IF 𝑝𝑝 IS CLOSE TO 1, THE PROBABILITY THAT PLAYERS INTERACT A 
LARGE NUMBER OF ROUNDS DROPS VERY RAPIDLY.

• IF 𝑝𝑝 = 0.9:
• THE PROBABILITY THAT PLAYERS INTERACT FOR 10 ROUNDS IS 0.910 ≅ 0.34.

• THE PROBABILITY THAT THEY CONTINUE PLAYING FOR 100 ROUNDS IS 0.9100 ≅
0.000002.

• HOWEVER, IT IS STILL STATISTICALLY POSSIBLE THAT PLAYERS INTERACT 
FOR INFINITE ROUNDS.
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INFINITE REPETITIONS
• COOPERATION CAN BE SUSTAINED IF THE GAME IS PLAYED AN 

INFINITE NUMBER OF TIMES USING A GRIM-TRIGGER STRATEGY 
(GTS):

1. IN THE FIRST PERIOD OF INTERACTION, 𝑡𝑡 = 1, EVERY PLAYER 
STARTS BY COOPERATING (PLAYING 𝑁𝑁𝑁𝑁 IN THE PRISONER’S 
DILEMMA GAME).

2. IN ALL SUBSEQUENT PERIODS, 𝑡𝑡 > 1,

(a) EVERY PLAYER CONTINUES TO COOPERATE, SO LONG AS SHE 
OBSERVES THAT ALL PLAYERS COOPERATED IN ALL PAST 
PERIODS.

(b) IF INSTEAD, SHE OBSERVE SOME PAST CHEATING AT ANY 
PREVIOUS ROUND (DEVIATING FROM THIS GTS), THEN SHE 
PLAYS 𝐶𝐶 THEREAFTER.
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INFINITE REPETITIONS

• TO SHOW THAT THE GTS CAN BE SUSTAINED AS A SPE, WE 
NEED TO SHOW:

• EVERY PLAYER FINDS THE GTS OPTIMAL AT ANY TIME PERIOD 
AT WHICH SHE WONDERS WHETHER SHE CONTINUE WITH 
COOPERATION.

• EVERY PLAYER MUST FIND THE GTS OPTIMAL AFTER ANY 
HISTORY OF PLAY:

(1) AFTER NO HISTORY OF CHEATING;

(2) AFTER SOME CHEATING EPISODE.
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INFINITE REPETITIONS

• EXAMPLE 13.6: SUSTAINING COOPERATION WITH A GRIM-
TRIGGER STRATEGY.

• CASE (1) NO CHEATING HISTORY. 
• EVERY PLAYER KEEPS COOPERATING IN THE NEXT PERIOD, YIELDING A PAYOFF OF 
− 1.

• BY STICKING TO THE GTS, EVERY PLAYER OBTAIN THE FOLLOWING STREAM OF 
DISCOUNTED PAYOFFS:

−1 + 𝛿𝛿 −1 + 𝛿𝛿2 −1 + ⋯ ,

WHERE 𝛿𝛿 ∈ (0,1) REPRESENTS HER DISCOUNT FACTOR.

• 𝛿𝛿 REPRESENTS HOW MUCH SHE CARES ABOUT FUTURE PAYOFFS.

• 𝛿𝛿 → 1, SHE ASSIGNS THE SAME WEIGHT TO FUTURE AND PRESENT PAYOFFS 
(SHE IS PATIENT).

• 𝛿𝛿 → 0, SHE ASSIGNS NO IMPORTANCE TO FUTURE PAYOFFS (SHE IS 
IMPATIENT).

32



INFINITE REPETITIONS
• EXAMPLE 13.6 (CONTINUED):

• CASE (1) NO CHEATING HISTORY (CONT.).

• FACTORING THE −1 PAYOFF OUT,

−1 + 𝛿𝛿 −1 + 𝛿𝛿2 −1 + ⋯ = −1(1 + 𝛿𝛿 + 𝛿𝛿2 + ⋯ ),

−1
1

1 − 𝛿𝛿
,

WHERE (1 + 𝛿𝛿 + 𝛿𝛿2 + ⋯ ) IS AN INFINITE GEOMETRIC PROGRESSION 

THAT CAN BE SIMPLIFIED AS 1
1−𝛿𝛿

.

• IF INSTEAD, THE PLAYER CHEATS PLAYING 𝐶𝐶 (WHILE HER OPPONENT PLAYS 𝑁𝑁𝑁𝑁), HER 
PAYOFF IS 0. HOWEVER, THIS DEFECTION IS DETECTED BY THE OTHER PLAYER, WHO 
PUNISHES HER BY PLAYING 𝐶𝐶 THEREAFTER, YIELDING A PAYOFF OF −4. 
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INFINITE REPETITIONS

• EXAMPLE 13.6 (CONTINUED):

• CASE (1) NO CHEATING HISTORY (CONT.).

• THE STREAM OF DISCOUNTED PAYOFFS FROM CHEATING BECOMES

0 + 𝛿𝛿 −4 + 𝛿𝛿2 −4 + ⋯ ,

−4 𝛿𝛿 + 𝛿𝛿2 + 𝛿𝛿3 + ⋯ = −4𝛿𝛿 1 + 𝛿𝛿 + 𝛿𝛿2 + ⋯ = −4
𝛿𝛿

1 − 𝛿𝛿 .

• EVERY PLAYER CHOOSES TO COOPERATE IF

−1
1

1 − 𝛿𝛿 ≥ −4
𝛿𝛿

1 − 𝛿𝛿 ,

−1
1

1 − 𝛿𝛿 (1 − 𝛿𝛿) ≥ −4
𝛿𝛿

1 − 𝛿𝛿 (1 − 𝛿𝛿),

−1 ≥ −4𝛿𝛿 ⟹ 𝛿𝛿 ≥
1
4 . 34

She cheats Punishment thereafter

Payoffs from cooperating Payoffs from defecting



INFINITE REPETITIONS
• EXAMPLE 13.6 (CONTINUED):

• CASE (2) SOME CHEATING HISTORY.

• IF SOME OF (OR ALL) THE PLAYERS CHEAT IN A PREVIOUS PERIOD 𝑡𝑡 − 1, THE 
GTS PRESCRIBES THAT EVERY PLAYER SHOULD PLAY 𝐶𝐶 THEREAFTER, YIELDING 

−4 + 𝛿𝛿 −4 + 𝛿𝛿2 −4 + ⋯ = −4 1 + 𝛿𝛿 + 𝛿𝛿2 + ⋯

= −4
1

1 − 𝛿𝛿 .

• IF INSTEAD, A PLAYER DEVIATES FROM SUCH A PUNISHMENT (PLAYING 𝑁𝑁𝑁𝑁
WHILE HER OPPONENT CHOOSES 𝐶𝐶), 

−7 + 𝛿𝛿 −4 + 𝛿𝛿2 −4 + ⋯ = −7 − 4𝛿𝛿(1 + 𝛿𝛿 + 𝛿𝛿2 + ⋯ )

= −7 − 4
𝛿𝛿

1 − 𝛿𝛿 35

She deviates Punishment thereafter



INFINITE REPETITIONS

• EXAMPLE 13.6 (CONTINUED):
• CASE (2) SOME CHEATING HISTORY (CONT.).

• COMPARING THESE RESULTS, UPON OBSERVING A DEFECTION TO 𝐶𝐶, EVERY PLAYER 
PREFERS TO STICK TO THE GTS RATHER THAN DEVIATING IF

−4
1

1 − 𝛿𝛿
≥ −7 − 4

𝛿𝛿
1 − 𝛿𝛿

,

−4 ≥ −7,
WHICH HOLDS FOR ALL VALUES OF 𝛿𝛿.

• SUMMARY. THE ONLY CONDITION TO SUSTAIN COOPERATION AS 

AN EQUILIBRIUM OF THIS GAME IS 𝛿𝛿 ≥ 1
4

(FROM CASE 1).

• PLAYERS COOPERATE EVERY SINGLE ROUND OF THE GAME, SO LONG AS THEY 
ASSIGN A SUFFICIENTLY HIGH WEIGHT TO FUTURE PAYOFFS.
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INFINITE REPETITIONS

• FIGURE 13.6 ILLUSTRATES THE TRADE-OFF BETWEEN 
CONTINUE COOPERATING AND CHEATING, UPON 
OBSERVING THAT NO PLAYER DEFECTED IN PREVIOUS 
ROUNDS.

37
Figure 13.6



INFINITE REPETITIONS

• WE CAN DESIGN VARIATIONS OF THE GTS THAT SILL 
SUSTAIN COOPERATION. 

• A TEMPORARY REVERSION TO THE NE OF THE UNREPEATED 
GAME, (𝐶𝐶,𝐶𝐶), RATHER THAN THE PERMANENT REVERSION.

• UPON CHEATING, EVERY PLAYER CHOOSES 𝐶𝐶 DURING 𝑁𝑁 ROUNDS BUT 
RETURNS TO COOPERATION ONCE THE PUNISHMENT HAS BEEN INFLICTED.

• COOPERATION CAN BE SUSTAINED UNDER MORE RESTRICTIVE CONDITIONS 
ON THE DISCOUNT FACTOR 𝛿𝛿 WITH TEMPORARY PUNISHMENT.

• A TEMPORARY PUNISHMENT IS LESS THREATENING, MAKING DEFECTION 
MORE ATTRACTIVE.
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A LOOK AT BEHAVIORAL ECONOMICS–
COOPERATION IN THE EXPERIMENTAL LAB?
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COOPERATION IN THE 
EXPERIMENTAL LAB?

• THE PRISONER’S DILEMMA GAME ILLUSTRATES THE TENSION BETWEEN 
PRIVATE AND GROUP INCENTIVES COMMON IN REAL LIFE.

• IT HAS BEEN WIDELY TESTED IN EXPERIMENTAL LABS.

• PARTICIPANTS ARE ASKED TO SEAT AT COMPUTER TERMINALS WHERE 
THEY ARE INFORMED ABOUT THE RULES OF THE GAME, CAN ASK 
QUESTIONS, AND CAN PRACTICE FOR A TRIAL RUN.

• IN THE FINITELY REPEATED VERSION OF THE GAME:

• EXPERIMENTS FOUND THAT IN THE LAST ROUND OF INTERACTIONS, 
INDIVIDUALS BEHAVE AS IF THEY WERE IN AN UNREPEATED GAME, BUT 
IN THE FIRST ROUND THEY COOPERATE. 

• THIS BEHAVIOR CONTRADICTS THE THEORETICAL PREDICTION.
40



COOPERATION IN THE 
EXPERIMENTAL LAB?

• IN THE INFINITELY REPEATED VERSION OF THE GAME:
• PARTICIPANTS WERE INFORMED THEY WILL PLAY ONE MORE 

ROUND OF THE GAME WITH SOME PROBABILITY.

• THE LITERATURE FOUND THAT PLAYERS ARE MORE LIKELY TO 
COOPERATE WHEN THERE IS A HIGHER PROBABILITY THEY 
WILL INTERACT IN FUTURE ROUNDS.

• THIS RESULT IS CONSISTENT WITH THE THEORETICAL 
PREDICTION:

• COOPERATION IS EASIER TO SUSTAIN WHEN PLAYERS CARE MORE ABOUT THE 
FUTURE.

• WHEN PLAYERS INTERACT DURING MANY ROUNDS, THEY START DEFECTING 
MORE FREQUENTLY.
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