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Abstract: When humans play the prisoner’s dilemma it is observed that sometimes they coop-
erate after a defect-defect situation has occurred. This paper investigated whether this can be
explained by the ability of people to reason about the beliefs and goals of others, also known
as theory of mind. This is tested through a simulation with agents who use different orders of
theory of mind in which the level of cooperation is measured. The results show that the there is
a significant difference between the games in which agents use different orders theory of mind.
The data suggests that when a higher order theory of mind is used there is less cooperative
behaviour. Therefore we conclude that theory of mind does not cause cooperation by itself.

1 Introduction

1.1 Theory of mind

Theory of mind (ToM) (Premack and Woodruff,
1978) is the ability to attribute mental states to
other people. This means that someone is able to
understand that others have beliefs about the world
that may be different from their own. When we
speak about ToM, we often identify different or-
ders of ToM. Zero-order ToM means that the per-
son only reasons from their own point of view; what
they believe to be true about the world. An exam-
ple of this reasoning is, ”I think the ball is in the
basket”. First-order ToM is the ability to reason
about what someone else may believe about the
world, like ”I think that they think that the ball is
in the basket”. With second-order ToM there comes
the understanding that someone else also has the-
ory of mind and that another person can, for ex-
ample, also attribute mental states to you (such as:
”I think that they think that I think the ball is in
the basket”). This line of thinking can be repeated
infinitely and that is referred to as higher-orders
theory of mind.

Most adults use theory of mind up to the fourth
order (Kinderman, Dunbar, and Bentall, 1998).
However, in many strategic game settings, like the
prisoner’s dilemma, people are found to rely on low
orders of ToM and to be slow to increase their or-
der of ToM reasoning (Goodie, Doshi, and Young,
2012; Camerer, Ho, and Chong, 2004). Theory of

B coop-
erates

B
defects

A cooperates Both 3 B = 5,
A = 0

A defects A = 5,
B = 0

Both 2

Table 1.1: Payoff matrix of the prisoner’s
dilemma. Player A decides the row, while player
B decides the column.

mind has been suggested to be useful in coopera-
tion (Tomasello, 2009; Tomasello, Carpenter, Call,
Behne, and Moll, 2005), we discuss this further in
section 1.3.

1.2 Prisoner’s dilemma

The prisoner’s dilemma is a situation used in game
theory to look at individual and group gain. In this
situation, two agents have the ability to betray or
cooperate with the other. When they both betray,
they achieve a small reward. When they both co-
operate, they achieve a moderate reward and when
one betrays and the other cooperates, it results in
the one betraying to achieve the largest reward and
the one being betrayed to get the smallest reward
(Kuhn, 2017).

In Table 1.1 an instance of the prisoner’s
dilemma is portrayed. Here we have two agents who
play the game, agent A and agent B, who both have
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two moves they can make: to cooperate (C) or to
defect (D). When they both cooperate, they both
gain 3 points and when they both defect, they gain
2 points. When one agent cooperates and is be-
trayed, it gains no points and the one who betrays
gains 5 points.

When agent B is going to defect, it is better for
agent A to defect than to cooperate, since the for-
mer leads to a gain of 2 while the latter results in
no gain. If agent B were to cooperate it would again
be better for agent A to defect, since this leads to a
gain of 5 while cooperating leads to a gain of only
3. The same reasoning goes for agent B. However,
if both agents cooperate the reward is higher for
both of them than when they both defect.

This leads to the dilemma of achieving higher
rewards with a higher risk of being betrayed, or
achieving lower rewards with no risk.

1.3 Previous research

When people play the iterated version of the pris-
oner’s dilemma they usually fall into a situation
in which both people defect (D-D) and keep de-
fecting. It has been observed that, after a stable
D-D situation, people sometimes make a coopera-
tive move (Monterosso, Ainslie, Mullen, and Gault,
2002). This is surprising because when a person co-
operates and their opponent defects they will gain
the lowest possible reward. This means that this is
the worst move that can be made when we look at
only one game. However, if on the long term mak-
ing a cooperative move will get the opponent to also
cooperate, this will lead to higher rewards for both
players, since the rewards gained from both agents
cooperating is higher than from both defecting (see
Table 1.1).

The goal of both agents in the prisoner’s dilemma
is gaining the highest rewards possible and by coop-
erating both agents can get a higher reward than
if they were to defect. This makes the prisoner’s
dilemma a good situation for shared intentionality
(Tomasello, 2009; Tomasello et al., 2005). By using
higher-order ToM shared intentionality can occur,
where both agents assume that the other will work
with them towards the common goal of achieving
higher rewards for everyone. This way higher-order
ToM would lead to more cooperation.

1.4 Research question and hypothe-
sis

In this paper we focus on the following question: is
it theory of mind that leads to cooperation? And
more specifically, can higher orders of theory of
mind get the agent from a D-D situation to a C-C
situation?
We expect theory of mind to lead to more cooper-
ation. This could result in more cooperation with
every additional level theory of mind or a sudden
rise in cooperation at a certain level theory of mind.

In Section 2 of this paper we will take a look at
the environment that was created and the experi-
ment that was run in it. We will discuss the results
from this experiment in Section 3 and in Section 4
we will look at the discussion, the conclusion and
possible future research.

2 Method

To run our experiment we have built an environ-
ment in which agents play an iterated version of
the prisoner’s dilemma. In this section, we will ex-
plain the environment that was built, the model
that the agents are built on and the algorithm that
was used.

2.1 Environment

2.1.1 Agent Simulation

For this experiment we use agent-based simulation.
This is a simulation technique in which agents, en-
tities that act autonomously, interact with each
other. When several agents interact this can lead to
complex group behaviour. A reason we use agent-
modeling is because it is easy to change what men-
tal abilities an agent has. This way we can test
how agents who are capable of using different or-
ders ToM interact with each other. Another reason
to use agents instead of human subjects is that we
can isolate ToM from other mental abilities. This
has allowed us to be sure that the behaviour we ob-
serve is a result of the level of ToM that an agent
uses.
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B cooper-
ates

B defects

A cooperates Both 100 B = 101,
A = 1

A defects A = 101,
B = 1

Both 2

Table 2.1: Adjusted payoff matrix of the pris-
oner’s dilemma used in the simulation experi-
ment.

2.1.2 Simulation-Theory of Mind

The ToM that our agents use is based on
simulation-theory of mind. Simulation-theory of
mind says that people use theory of mind by tak-
ing the perspective of someone else, while assuming
that the other person thinks like you (Barlassina
and Gordon, 2017). Therefore the way you think is
used as a simulation for how someone else thinks,
and you expect the other to react the same as how
you would react if you were to be in their situation.

2.1.3 Agents playing the Prisoner’s
Dilemma

The payoff matrix that we use in our environment
isn’t a standard one. We have adjusted the val-
ues of the rewards to encourage cooperation, even
though the fundamental structure of the prisoner’s
dilemma remains true, where an agent always re-
ceives a higher reward by defecting than it would
by cooperating. The way in which cooperation is
encouraged by this matrix is that the difference
between the rewards to cooperate and defect are
small and the difference between a C-C situation
and a D-D situation are very large, as can be seen
in Table 2.1.
For example, if agent B were to cooperate, there
would only be 1 point difference in the gain for
agent A between cooperating or defecting, so the
reward for betraying your opponent is very small.
However, the difference between both agents coop-
erating and both agents defecting is 98 points. With
these rewards it becomes very important to make
sure that both agents cooperate at the same time,
since a stable C-C situation leads to very high re-
wards in comparison to a stable D-D situation.

2.2 Explanation of the model

In the iterated version of the prisoner’s dilemma
the same agents consecutively play multiple
rounds of the prisoner’s dilemma, where one round
consists of both agents making a move (cooperate
or defect) as output. The game state is what
has occurred in the previous round, which is the
output of both agents in the last round.

In our setting, agents believe that their opponent
may change its behaviour in response to the agent’s
actions. When an agent considers what move to
make for the current round, it also considers how
its actions influences several rounds into the future.
When you think 3 steps into the future there are
23 = 8 plans that you can follow. A plan would
for example be [C,C,D]. For the first action in the
plan (the one the agent would play in the current
turn) it calculates what its gain would be when
the opponent defects or cooperates. To that, the
agent adds what it will gain in the next turns when
following the actions of the plan, but the gain from
every turn that’s a step further into the future gets
multiplied by a discount factor.
For each of these plans the agent calculates what
the gain would be in the current and next three
turns. In the current turn it plays the first action
of the plan with the highest gain.

Every agent has the ability to use ToM to a cer-
tain order. The base of every agent is the zero-order
theory of mind strategy, in which it only reasons
from its own perspective. Here the probability of
the opponent cooperating is calculated by taking
the percentage of times the opponent has chosen to
cooperate after the same game state has occurred.
For example, if the current game state is [D-D]
and our opponent has played ’cooperate’ 25% of
the time following a [D-D] situation, then the zero-
order agent will believe that there is a 25% chance
that the opponent will play ’cooperate’ now.

For the first-order ToM strategy the agent sim-
ulates a zero-order agent, in which the simulated
agent receives the same parameters and knowl-
edge as the agent, but the memory of the game
states is given from the perspective of the oppo-
nent. In this way an opponent with zero-order ToM
is simulated. The agent observes how the simulated
agent would respond in this situation. It then in-
tegrates this knowledge into the probability of the
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opponent cooperating, that was calculated with the
zero-order strategy, based on its confidence in the
first-order strategy. For the second- and third-order
strategies the agents use the same method as the
first-order strategy, by simulating an agent that has
first-order and second-order theory of mind respec-
tively. When a strategy predicts the move of the
opponent correctly the confidence that the agent
has in that strategy increases.

2.3 Algorithm in words

Every agent is initialized with several parameters;
the number of prospective thinking steps (S), dis-
count factor (δ), learning speed (λ), the memories
of the agent’s actions and the opponent’s actions
(these can be empty), and the confidence levels that
the agent has for every level of ToM that it is ca-
pable of using.

The number of prospective thinking steps deter-
mines how many rounds in the future the agent
considers when deciding on the best course of ac-
tion. It can influence the agent’s behaviour since
the move that is made in this round will affect how
the opponent reacts in the next round.

The discount factor shows how patient the agent
is, how willing to lose this round to win the next.
When the discount factor is zero, the agent only
cares about the gain of the current round and no
future rounds’ possible gains are taken into consid-
eration. When the discount factor is one this means
that the gains of all future rounds are just as im-
portant as the gain of the current round. When the
discount factor lies somewhere between zero and
one, the importance of a round’s gain gradually de-
creases with each step into the future.

For every strategy, except zero-order, that an
agent is capable of using, it has a confidence-level.
The confidence level shows how good this strat-
egy is at predicting the opponent’s next move. The
confidence increases when the opponent’s move has
been predicted correctly and decreases when it has
been predicted incorrectly. The reason this isn’t
true for the zero-order strategy is because it doesn’t
simulate an opponent, but merely observes previous
game states. The predictions of the other strate-
gies are integrated into the zero-order predictions,
based on how much confidence the agent has in the
strategy.

The learning speed shows how much influence

the last round has on the agents confidence in its
strategies. For example, when the learning speed is
high and the first-order strategy has predicted the
opponent’s next move incorrectly, the confidence
the agent has in its first-order strategy will decrease
a lot. How this influence works exactly can be seen
in Algorithm 2.1.

Algorithm 2.1 Update Confidence

Require: Predicted move
Ensure: Confidence updated based on perfor-

mance
if predicted move == opponent move then
C ← λ+ (1− λ) ∗ C

else
C ← (1− λ) ∗ C

end if
return

Since the number of prospective thinking steps is
static, all possible plans are generated at initializa-
tion. When a round is started the agent will check
the gain of every plan it could follow and choose
the first move of the plan with the highest gain as
its output.

Algorithm 2.2 Calculate Gain

Require: policy Π with actions A; past Game
States

Ensure: result = gain of policy
P oppC ← CalculateProbability()
P oppD ← 1− P oppC
if Last A in Π then

result ← P oppC ∗ gain(A,C) + P oppD ∗
gain(A,D)

else
GameStatesC ← add(GameStates, [A, C])
GameStatesD ← add(GameStates, [A, D])
result ← P oppC ∗ gain(A,C) +
δ*CalculateGain(Π, GameStatesC)
+ P oppD ∗ gain(A,D) +
δ*CalculateGain(Π, GameStatesD)

end if
return result

The gain of a plan is calculated as follows and can
be seen in Algorithm 2.2. First, the probability of
the opponent cooperating in the current game state
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is calculated. From this the probability of the op-
ponent defecting is also calculated. Then the next
action in the plan is taken. If this is not the last
action in the plan the result is calculated as fol-
lows. In the next turn the opponent will either co-
operate or defect. For both these possible scenarios
the agent makes a hypothetical collection, which
contains all the past game states and a new game
state in which the opponent either cooperated or
defected. For both scenarios the agent calculates
what the gain would be if the opponent were to
take one action and the agent were to play the cur-
rent action in its plan. This gain is then multiplied
by the chance that the opponent will actually take
that action. Since this is not the last action in the
plan, this function will be called again to look at the
next action in the plan, but this time a hypothetical
collection of game states will be sent along that con-
tains the move the opponent could have taken. The
output of the function that was recursively called is
multiplied by the discount factor, since future gains
are less important. This is calculated for both the
opponent cooperating and defecting and the results
of those two calculations are added together.

If the current action is the last action in the plan
then the result is only the gain of the opponent
making one move and the agent making the last
move in its plan multiplied by the chance of the
opponent actually making that move. This is
again done for both the opponent cooperating and
defecting.

The probability that an opponent will cooperate
is calculated as follows and can be seen in Algo-
rithm 2.3. First the zero-order strategy is calcu-
lated. Here it is checked whether the current game
state has happened before in past rounds of the
game. If it did occur this is recorded as well as
whether after that game state the opponent coop-
erated. When the current game state has not oc-
curred before, the probability of the opponent coop-
erating becomes 0.5. If the current game state did
occur in the past the probability of the opponent
cooperating is calculated by dividing the amount
of cooperation by the amount of previous instances
of the current game state. This indicates how of-
ten the opponent has cooperated in the past when
faced with the same situation.
A zero-order agent only uses the above calculation.
When an agent is capable of using higher orders of

Algorithm 2.3 Calculate Probability

Require: current Game State (cGameState); past
Game States (GameStates)

Ensure: result = probability opponent will coop-
erate
for all GameStates in Memory do
if cGameState == GameState then

equal++
if Opponent cooperates after GameState
then

cooperation++
end if

end if
end for
if No equal GameStates found then

probability ← 0.5
else

probability ← cooperation/equal
end if
for all x in orders ToM above Zero-order do

SimAgent ← Simulate (x-1)-order agent with
opponent’s memory
if SimAgent cooperates then

probability ← (1-Confidencex)*probability
+ Confidencex

else
probability ← (1-Confidencex)*probability

end if
Save move predicted by x-order ToM

end for
return probability
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ToM, the following calculation is used. When we
take first-order strategy as an example, the agent
simulates an opponent with zero-order strategy by
initializing a zero-order agent which will be given
the same parameters as our agent, but with the
game states from the perspective of the opponent.
This simulated agent is then tasked to play the
round and the output is observed by the playing
agent. If the simulated opponent cooperates this is
integrated into the probability that the actual op-
ponent will cooperate based on the confidence that
the agent has in the first-order strategy. If the sim-
ulated opponent defects this is also integrated by
lowering the probability that the opponent will co-
operate based on the confidence in this strategy.
This is done for every higher-order ToM, by simu-
lating an opponent with a ToM that is one order
lower than the agent’s ToM. When all orders that
the agent is capable of using are integrated into the
probability of the opponent cooperating then the fi-
nal calculated probability is used in the calculation
of the gain of a policy.

2.4 Research protocol

An Iterated Prisoners dilemma game contains 120
rounds. The first 17 of these rounds are random,
meaning that in each of these rounds the moves
that the agents make are decided randomly. Next,
each agent observes 3 rounds in which both agents
defect. This is done to ensure that we can observe
the behaviour that occurs after a stable D-D situ-
ation. Finally, the agents play 100 rounds freely in
which we observe how often the agents cooperate
and how often they cooperate at the same time.

All agents were given the same parameters in ev-
ery game. The agents think 3 steps ahead, the dis-
count factor they use is 0.2 and the learning speed
is 0.6. Both agents start with zero confidence in all
orders of ToM, which can change over the course of
the game. The number of thinking steps was kept
low to keep the simulation within reasonable time
and the discount factor is low to make sure that
the future rounds that the agent considers are still
important. The agents have a memory of 20 rounds.

A one-way ANOVA will be used if the results
are normally distributed. If the results are not nor-
mally distributed a non-parametric Kruskal-Wallis
test will be used to determine whether there is a
significant difference between groups.

3 Results

An agent pair consists of two agents of which the
highest-order theory of mind they can use lies some-
where between zero- and third-order. Every agent
pair plays 1000 games with 120 rounds each. A
round consists of each agent making a move (co-
operate or defect).

For every game the total amount of cooperative
moves was recorded. The results have been sum-
marized in Figure 3.1. In this figure, we show the
number of times that an agent of the agent pair co-
operated during the games that were played. Both
agents’ moves were recorded as separate coopera-
tive moves, which means that when there are 100
rounds in a game the maximum number of coopera-
tive moves is 200. Within this figure, the position of
the agents are interchangeable, which means that,
for example, the results of the 3-2 agent pair is the
same as the 2-3 agent pair.

At first glance we see that the 0-0 agent pair
has on average cooperated far more than the other
agent pairs and that the other agent pairs have
roughly the same amount of cooperation, apart
from the 3-3, 3-2 and 2-2 agent pairs, which seem
to have cooperated less on average.

The highest amount of cooperation within a
game was 180 cooperative moves, which was pro-
duced by a 0-0 agent pair, while the lowest amount
of cooperation was 0 cooperative moves, which was
produced by the 3-3, 3-2 and 2-2 agent pairs.

Both the 0-0 and 1-1 agent pairs have clusters of
outliers; when we look at the recorded data we have
found that within these specific games the amount
of C-C situations, in which both agent cooperate
at the same time, make up (almost) all cooperative
moves. For example, a few games of the 0-0 agent
pair have in total 180 cooperative moves and 90 C-
C situations, which means all cooperative moves
were made at the same time as the opponent’s.
When taking a look at the specific rounds of a
game played by a 0-0 agent-pair with 180 coopera-
tive moves we have found that within such games
the agents cooperate nine times in a row and then
both defected for one turn before turning back to
cooperation. The only thing that made these agents
different from each other was their memory, which
we expected to show some pattern that would ex-
plain this behaviour, like more cooperative moves
or a mirrored memory in which both agents experi-
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Figure 3.1: Every box shows the number of cooperative moves that were made during the 1000
games that the agent pair played. The position of the agents are interchangeable, so the data for
an x-y pair is the same as a y-x pair.

ence the same amount of cooperation and betrayal.
More cooperation in the memory could be evidence
that there may be a threshold, where if there is
enough cooperation in their past the agents will fall
into a stable C-C situation. If the memory where
to be mirrored it would explain why the observed
behaviour of both agents was the same. However,
the memory was not mirrored or even particularly
similar from both agents’ perspectives and there
was no more cooperation than in other games. It is
therefore unknown why the agents’ moves became
synchronized with such high cooperation after the
forced defection period.

Since the data were non-normally distributed the
Kruskal-Wallis test was used. This test indicated
that there was a different amount of cooperation in
at least one of the groups (df = 9, P < 0.001).

A Nemenyi post-hoc test revealed that the 0-0
agent pair had significantly more cooperative moves
than any of the other groups. The pairs 2-0, 3-0, 1-
0, 1-1 did not differ significantly from each other.
The pairs 2-1 and 3-1 also did not significantly dif-
fer from each other. The pairs 3-3, 3-2 and 2-2 also
did not show any significant difference from each
other. Which groups differ significantly from each

ToM agent B
0 1 2 3

0
1
2

ToM
agent
A

3

Table 3.1: When the color between two cells is
different it indicates that there is a significant
difference in the amount of cooperation between
these agent pairs.

other has been portrayed in Table 3.1. In which the
x and y-axis both show the order ToM an agent was
capable of using. For example, the top-left cell rep-
resents the 0-0 agent pair, while the bottom-right
cell represents the 3-3 agent pair.
The number of cooperative moves is highest in the
pink cell, which only contains the 0-0 agent pair.
Which is followed by the red cells, then the orange
cells and the lowest number of cooperative moves
is found in the yellow cells.
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4 Discussion and Conclusions

From our results we observe that the agent-pairs
with the lowest orders of ToM had the highest num-
ber of cooperative moves. In the introduction of this
paper we asked whether it is theory of mind that
leads to cooperation and, more specifically, whether
a higher order theory of mind will get an agent out
of a D-D situation and into a C-C situation. We
expected that we would see more cooperation in
agents with higher levels theory of mind. When we
compare our hypothesis with our results we see that
the trend we had expected cannot be found in the
agents’ behaviour. In fact, the trend that we ob-
serve in our results is the opposite of what we had
expected. To answer our aforementioned questions,
theory of mind on its own does not lead to more
cooperation. In our results higher orders of theory
of mind actually lead to more defection. There are
several instances to be found in the literature that
support these findings.

In earlier research it has been observed that in
single-shot games human subjects with higher or-
ders of ToM were less likely to cooperate (DeAngelo
and McCannon, 2017).

Theory of mind not leading to more cooperation
can also be observed in the natural world. Although
theory of mind is often associated with social skills,
there are instances where people are capable of
using theory of mind while lacking certain other
social processes. People with psychopathic person-
ality disorder, who are characterized by impaired
empathy and egotistical traits (Skeem, Polaschek,
Patrick, and Lilienfeld, 2011), are capable of using
normal levels of ToM. Psychopaths have been ob-
served to defect more than people from the general
population when playing the prisoner’s dilemma
and in real life social situations (Mokros, Menner,
Eisenbarth, Alpers, Lange, and Osterheider, 2008).

The opposite has also been observed, that the-
ory of mind is not always needed in cooperative be-
haviour. This can be seen in people who lack higher
levels theory of mind, such as young children, and
in the behaviour of animals that we assume do not
have theory of mind. These people and animals are
capable of cooperative behaviour even though they
have very little to no theory of mind (Tomasello,
2009).

In conclusion, we found that on its own theory
of mind does not lead to more cooperation in the

prisoner’s dilemma and, in fact, leads to more de-
fection.

4.1 Future research

4.1.1 Discount Factor

The discount factor influences how important the
gains from future rounds are to the agent; it shows
how willing an agent is to lose this round to win a
future one. Perhaps it would be interesting to link
the discount factor value to how much confidence
an agent has in its ability to predict its opponent’s
moves. When you have low confidence that you can
predict your opponent accurately, it makes sense
to not want to rely on future gains, but when you
have very high confidence that you have accurately
modeled your opponent those future wins could be
just as important as you current one.

4.1.2 Opponent’s strategy

Our agents rely on simulating their opponent and
assume that their opponent acts and thinks like
them, but what if that is not the case? A famous
strategy in the prisoner’s dilemma is tit-for-tat, in
which an agent responds to its opponent by playing
the same move its opponent played last round. If an
opponent were to use that strategy against one of
our agents, the agent would be unable to accurately
predict its opponent, no matter what order ToM
strategy it uses, since the opponent doesn’t func-
tion like our agent. Instead of assuming that the
opponent works the exact same way as the agent,
it would be an option to try and fit known strategies
to the opponent. Then an agent would try to see
whether their opponent is playing by the tit-for-tat
strategy, for example, and simulate an agent that
uses that strategy to predict its opponent’s moves.

4.1.3 Prospective thinking

The agents in this experiment were capable of
prospective thinking, by thinking ahead about how
their actions would influence the next three rounds
of the game. We kept the amount of thinking steps
static, but it would be interesting to see how the
amount of thinking steps would influence the be-
haviour of the agents.
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