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ABSTRACT
Social simulation is a research area that has been gradually
increasing, and systems that can simulate human behaviour
are more and more necessary. One of the main capacities for
social behaviour is Theory of Mind, the ability to represent
not only ours, but others’ internal knowledge, such as their
beliefs. Theory of Mind influences aspects like deception
and its detection. Therefore, this thesis proposes an agent
capable of detecting deception through the use of Theory
of Mind. The architecture was based on a research on the
state of the art, together with some preliminary tests, with
humans playing the game. The agent was implemented as
a robot, and used to play a deception game called Coup
with humans. Finally, this thesis presents user studies with
two conditions, one agent with Theory of Mind and one
without it. The results revealed our Theory of Mind agent
is capable of detecting more lies from human players than
the one without Theory of Mind.
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1. INTRODUCTION
Even though many intelligent agents have assumed a sin-

cerity condition[15] in which they naively believe there is no
deception, this is not true for every situation, especially if
we want to portray human behaviour and their interaction.
It is a known truth, people lie. They lie out of love, out of
fear, in order to get something or keep something (e.g. a
relationship), etc. there are a lot of reasons for lying[3]. So
assuming the need for agents to be capable of lying, they
should also be capable to detect such lies from others.

We can see deception as the act of one transmitting infor-
mation that he believes not to be true, or has no idea to be
true or not, for the purpose of misleading. So in order to de-
tect these lies, we need to know, or at least speculate about,
what are the beliefs of the person doing the deception. That
is possible due to a thing called Theory of Mind, which is
the ability to recognize and attribute mental states not only
to ourselves but to others, and understand that beliefs we
have may be different from others.

Even though we can find some works on Theory of Mind
applied to areas like robotics or even deception in agents, we
cannot find relevant studies on its use to detect the latter.
We consider this to be as important because an agent unable
to detect lies ”living” in a world where deception exists is
vulnerable.

We want to create agents with the ability to detect lies
told in a social simulation. To do this on a general context
would take too much time and resources. In order to test
this on a feasible scale, we will use the game COUP.

COUP is a social game based on deception, where players
lie in order to make other players lose influence (face-down

cards) while maintaining theirs. In this game, when players
believe they are being lied to, they can challenge the plays
from other players. This makes COUP a perfect context for
deception and its detection studies.

We will create an agent that can play the game, focusing
on the task of detecting deception. So, taking this into con-
sideration, this thesis tries to answer the following research
question: How to create intelligent agents that are
able to detect human players’ deception in a game
of COUP?

In Coup we can doubt almost all of the playersâĂŹ actions
but doing so is risky and we may lose cards. So we need to
guess what other players are thinking. In order for an agent
to be able to do this, it needs some kind of representation
of otherâĂŹs minds. This can be achieved through the use
of the previously introduced concept, Theory of Mind.

We believe that an agent equipped with Theory of
Mind shall detect other players’ lies more often while
playing the game COUP against a human than one
without Theory of Mind.

In Section 2 we have the Background where theoretical
concepts are introduced together with an explanation of the
game COUP. Next in Section 3 we find the Related Work.
In Section 4 we present our agent’s architecture and its com-
ponents. After we explain the overall architecture and the
components’ integration in Section 5. Finally our Evalua-
tion is presented in Section 6. And in the end we present a
conclusion.

2. BACKGROUND

2.1 Theory of Mind
The term Theory of Mind was first used on a study by

David Premack and Guy Woodruff[13] and refers to the abil-
ity to infer mental states, such as intention, knowledge, be-
lief, thinking and so forth, not only to ourselves but also to
others, and understand that other’s mental states may differ
from our own. It is called a theory because we have no way
of observing the mind, we can say thoughts are there, but
we cannot really see them.

There is a big philosophical debate concerning two ap-
proaches to Theory of Mind: theory-theory and simulation-
theory. In theory-theory[2], Theory of Mind is considered
to be implicit and it is acquired by the automatic matu-
ration of an innate module. The theory comprises beliefs,
desires and plans, and basis on which these interact. It
allows the understanding, explaining and prediction of self
and other’s behaviour. Mental states of others are unobserv-
able and therefore only knowable by intuition and insight.
Simulation-theory[9] on the other hand sees Theory of Mind
as the ability to mimic the mental state of another person,
by casting ourselves into the other person’s mind and simu-
lating his actions with our own reasoning.

Overall, Theory of Mind creates an empathy that unites



us as a society, we are always appraising others’ thoughts
and feelings, not only to understand and predict their be-
haviour, but also to adapt our own in response to theirs. We
use Theory of Mind every day without even noticing, for ex-
ample: ”I think she likes strawberries”, ”I suspect he is bluff-
ing”, ”I think he believes I don’t like him”. The last example
is different from the other ones because it has two levels of
Theory of Mind. A one-level Theory of Mind can repre-
sent what another person is thinking, a two-levels Theory
of Mind will represent what another person thinks a third
person is thinking, and so on and so forth for the other lev-
els. The higher the level, the more complex Theory of Mind
becomes.

2.2 Coup, The Game
Coup is a board game played with cards and coins which

runs on bluff and deduction. It was published by Indie
Boards and Cards in 2012. The game can be played by 2
till 6 players. In the beginning of a game each player starts
with two coins, taken from the treasury, and two cards, taken
from the court deck. The game’s objective is to make others
lose their cards while keeping ours. When someone loses a
card they must turn it up and it remains like this until the
end of the game, with the player not being able to use it.

The game is played in turns, each turn the player can do
one of the actions from table 1. There are seven actions:
(1) Income, where the player takes one coin from the bank;
(2) Foreign-aid where instead of one, the player takes two
coins, but there is a downside that we will explain ahead;
(3) Coup, in which the player pays seven coins and chooses
a player to lose a card (when losing a card, it is the player
who is losing it that chooses the card to loose from the two,
of course if there is only one faced-down card there is no
choice to be made), if a player starts his turn with 10 or
more coins, he is required to do Coup; Then we have actions
that are associated to some character, this characters are:
the Duke, that is able to do (4) Tax, in which the players
gets three coins from the bank; the Assassin, that allow
us to do pay three coins and do (5) Assassinate to another
player, which has to lose a card; the Ambassador, that allows
the player to (6) Exchange, this is, to trade cards, the way
the trade is done is by taking two cards from the deck and
mix them with the facedown cards, then choosing the cards
to keep and returning two cards to the deck and shuffling
it; the Captain gives the player the possibility to (7) Steal
from other players, taking two coins from a player it chooses;
finally we have the Contessa which has no unique action, but
if we look back to table 1 you can see it has a thing called
counteraction, in this case, Contessa blocks assassinate, if a
player does assassinate to another, that second player can
block with the Contessa, keeping its cards. There are two
more counteractions, the block steal, which can be done by
the Captain and Ambassador and keeps the player who did
Steal from taking the two coins, and the Block Foreign-Aid
associated to the duke, this is the downside of the foreign aid
mentioned previously, if someone blocks it you get no coins
that turn. The first two counteractions can only be done
by the player on the receiving end of the actions, while the
third one, Block Foreign-Aid, can be done by anyone when
a player uses foreign aid.

But Coup is a bluff game, and as in any other bluff game
we can lie about what we have. Seen that the cards are
faced-down, only we know our characters, so we can use any

action from any character. Of course there is a risk, be-
cause other players can doubt that we have that character.
For example, player A does Assassinate on player B, but for
some reason player B does not believe A has the Assassin
so he challenges the action, so player A needs to show the
Assassin. If the player does not have the card upon being
challenged, he needs to lose a card of his choice and the ac-
tion goes through. But challenging a player is not risk free,
in the given example, if player A has indeed the Assassin,
player B loses the challenge and needs to lose one card, plus
the action has no effect. Players can also lie about coun-
teractions, so even if player B did not have the Contessa,
he could still block the Assassinate and of course, player A
could challenge that. There are only three cards of each
character, this is important to find out if a player is lying
since if there are two faced-up Dukes and I have the third in
my hand when a player does Tax I know for sure he is lying
so it is a safe challenge.

Character Action Effect Counteraction
- Income Take 1 coin x
- Foreign Aid Take 2 coins x

- Coup
Pay 7 coins

Choose player to lose 1 card
x

Duke Tax Take 3 coins Blocks Foreign Aid

Assassin Assassinate
Pay 3 coins

Choose player to lose 1 card
x

Ambassador Exchange
Take 2 cards from deck
return 2 cards to deck

Blocks Stealing

Captain Steal Take 2 coins from another player Blocks Stealing
Contessa x x Blocks Assassination

Table 1: COUP: summary of characters, actions,
action effects and counteractions

3. RELATED WORK

3.1 Theory of Mind Approaches
The study held by Meyer et al. introduces us an im-

plementation to the two different approaches on Theory of
Mind, Theory-theory and Simulation-theory. They used a
BDI paradigm for modeling both theory’s agents since both
theories can be represented in terms of beliefs, goals and
intentions. The main difference being that the ST agent
makes use the same reasoner to reason with different mental
states independently.

A scenario was created where two agents needed to com-
municate with a human in order to achieve a goal. Then
some changes were made to the scenario to see how the
agents would react when the human or the other agent made
mistakes. Three agents were tested in this scenario (and
its variations), one without Theory of Mind, one with TT
and one with ST. The results show that agents with a The-
ory of Mind, performed better on their task compared to
the ones without. No differences were spotted between the
results of the TT agents and the ST agents. Nevertheless
implementation-wise, ST allows for code reuse, for structural
errors of agents and can be applied to numerical represen-
tation of agent models. All things that TT did not allow,
making ST a better option for more complex agent models.

The study held by Meyer et al. is helpful in the way that
it presents conclusions on what Theory of Mind approach to
pick and shows also results of agents with Theory of Mind
compared to the results from agents without it, which we
will also test in our project and from which we can take
some ideas.



3.2 Theory of Mind in Deception
Dias et al. work revolves around Theory of Mind (ToM)

on agent’s deception, more particularly, in how a higher level
of Theory of Mind on agents, influences their believability
compared to lower or no levels of Theory of Mind[6][4]. They
believed that an agent that can only represent what another
is thinking (1 level of ToM) is less believable deception-wise,
than one that not only can represent what the other is think-
ing, but also what the other thinks others are thinking (2
levels of ToM).

They used their research to create deceptive agents for
an interactive game with virtual characters. Their objective
with this was to prove that ”The higher the level of reasoning
about the others a virtual agent is capable of using, the
better and more believable it can perform deceptive tasks”.

Their approach was based on the Theory of Mind model
by Baron Cohen, and makes use of a BDI model approach of
Simulation-Theory.. The agents perceive events and update
their Knowledge Base (KB), which stores the agent’s beliefs
and knowledge of the world, and the Theory of Mind module
(ToMM). To deliberate upon what action it will take, the
agent has a Deliberation module that does all the planning
considering both KB and ToMM’s information.

In order to cope with more levels of ToM, the Model of
Others (constituent of the ToMM) was built as a recursive
structure. Each Model of Other had its own Theory of Mind
with Models of Others. This is a complex model, where the
more ToM levels, the less efficient each update cycle is. For
this reason they decided to focus on only two levels for this
paper.

In order to study their approach, Dias et al. tested their
model with non-player characters in a social game based on
deception called MIXER, where a group of villagers has to
discover who among them is the werewolf, this last one must
keep his true identity ”hidden”. The villagers who played the
role of victims were all implemented with one level of ToM.
The werewolf on the other hand had two versions, one with
one level and the other with two levels of ToM. Their results
showed that the werewolf with two levels of Theory of Mind
produced better results in the game than one with just one
level. They then conducted online questionnaires to find out
how users perceived their two agents. The users’ answers
showed that the two levels of ToM agent lied better, being
less predictable and more difficult to the victims to catch, it
was also perceived as more intelligent.

With a bigger focus on using Theory of Mind on produc-
ing deception, rather than detecting it (victims with less
ToM levels than werewolfs), Theory of Mind on Deception
presents us with a complete and well explained agent model,
with characteristics we may want on our own agent. Their
decision on using the two level of ToM and not more for
a better efficiency is something we will take into account
when implementing our agent. We can claim that being this
a MAS (multi-agent system), instead of a human-robot sys-
tem, it is less unpredictable than ours, which will have to
deal with real human behaviour from the other players.

3.3 Theory of Mind in Human-Robot Teams
The work developed by Hiatt et al. had as a goal building

human-robot systems to be used in open, real-world envi-
ronments. Their paper describes the design of a robot for
such system, capable of dealing with the human behaviour
of its teammates through the use of Theory of Mind[10].

The Theory of Mind was used to account for human vari-
ability during team operation, for this, their approach simu-
lates human thinking by executing cognitive models of those
same humans. A robot tries to identify what different be-
liefs, intentions or desires led the human teammate to de-
viate from the team goals by putting itself in the human’s
shoes.

In the beginning the robot has no way of generating hy-
pothetical models. But when it observes behaviour he can-
not explain, it asks the human to explain such behaviour.
He remembers the human’s answers and next time the hu-
man does something unexpected it will test if this newly
learned reason explains the human’s behaviour. This vari-
ances are then given different priorities based on recency
and frequency. Therefore, a variance that happens more of-
ten and has been used recently will be tested before one that
does not happen so often and is older. If variances have an
extremely low frequency and have not been used recently,
they end up being forgotten.

In order to test the approach, two scenarios were made in
which the human teammates acted in an unexpected way.
For each scenario, three different approaches were recorded:
the Theory of Mind approach and two other, the first one
with a simple correction approach, where the robot would
always warn the human every time he did some unexpected
move, and the second with a blindly follow approach, where
as the name suggests, the robot would simply follow the
human and never warn him. Then the videos were shown
to human participants and these were asked to point what
seemed to be the most intelligent approach. The Theory of
Mind approach was considered the most intelligent in both
scenarios.

Although this work focus on, as the name says, teams and
in Coup there are no teams, it is still of great importance
to deal with behaviour that differs from expected. Since the
goal of each player is the same and smaller goals related
to the characters are kind of deductible, we will also have
to figure out unexpected actions (according to those goals)
from other players and know how to deal with it but of
course in our case, the agent will not be able to just ask the
other players.

3.4 Study on Reasoning about Others
Felli et al. came up with a way to represent heteroge-

neous agent models, this is, with different mental abilities
and holding stereotypical characteristics as part of a social
group. Their goal was to support expressive, traceable and
collaborative human-agent interactions[7].

For this model, agents needed to be able to represent and
reason about their common ground, including beliefs and
stereotypes. So they propose an approach to represent the
beliefs and the model the agent has of the world and oth-
ers, including nested beliefs, so that it is possible to create
strategies to achieve goals. Combining this way temporal
and belief projection to predict others’ future decisions.

The approach supports two types of reasoning about oth-
ers: (1) empathic reasoning: where the agent casts himself
into another agent’s mind and reasons as it was the other
agent and (2) stereotypical reasoning, in which the agent
reasons about others using simple social rules.

Ascribed mental states are used to reason as others. A
mental state ascribed by an agent to another is composed
by the beliefs that, according to the first agent, are held by



the second. With this an agent can cast itself into the other
and reason as the other would.

To reason about others they present stereotypes. Stereo-
types are rules that, given a mental model for an agent,
reason about the beliefs of another agent. Reasoning with
stereotypes or reasoning with ascribed mental states can lead
to different results.

This study on Reasoning about Others presents two types
of reasoning that are of interest to our agent. The empathic
reasoning because it is necessary in Theory of Mind and the
Stereotype Reasoning because there is a whole part of our
agent’s reasoning that will be made from stereotypes. We
can find COUP’s stereotypes in certain plays that, being so
common, give away a character from the player that does
them.

4. THEORY OF MIND AGENT
Our agent architecture can be seen in Figure 1 and it is

composed of three main components, the memory, a theory
of mind component and a deliberative component.

Figure 1: Our Agent Architecture

Our agent receives perceptions, which are events from the
game which can be of two types. The first are game updates,
such as session start, game start, results from an action,
challenge or counteraction, cards drawn, cards lost, game
end and session end. These will keep the agent’s memory
updated at all time and will also serve to update our theory
of mind. Our second type of game events, are events to make
the agent play, either to pick an action, choose whether or
not to challenge, choose whether or not to counteract, pick
a card to lose or pick cards to keep. So these events will
trigger the deliberative component into choosing the best
play from the possible plays.

4.1 Theory of Mind Component
Our Theory of Mind component has as main objective

representing other players knowledge and beliefs. In Coup
the knowledge we need to represent is the other players’
cards, since they are unknown to our agent. The beliefs
we need to represent are what that player thinks the other
players cards are. In terms of Theory of Mind levels, we need
two, the first to represent a player’s cards and the second to
represent what that player thinks are other players’ cards.
Cards from both Theory of Mind levels are represented as a
set of 5 probabilities, one for each role (e.g. Ambassador),
which represent the probability of that player having that
role card. We will firstly explain how the first level of Theory
of Mind is initialized and updated, since the second level is a

more complex concept that will be easier to understand once
the first level is understood. To initialize the probabilities
for the first level of theory of mind we use the following
formula:

Pi(Role) = 1− C(n′, k)

C(n, k)
(1)

Where n is the total of unknown cards to our agent (so
the total number of cards in the deck plus 2 per each other
player), k is the number of cards in the players hand (which
is always 2 in the beginning), and n′ is the number of cards
from n that are not of that Role. So the probability of the
initial Role is given by the combinations of cards of that role
divided by the total combinations of cards (or to be more
precise, 1 minus the combinations of cards that are not of
that role divided by the total combination of cards). To
understand this value we can think of giving two cards from
the deck (without our two cards) to the other player, if we
take those two cards and ask ”What is the probability of
having at least one card of this role?” we get the probability
of that player having that role.

So we have cards with role probabilities, but these need
to change with the course of the game, depending on what
happens. Every action, counteraction, challenge, or even
lack of counteractions and challenges say something about
what cards the players have. For example, a player not
blocking a ”Foreign Aid” most probably means that player
does not have a ”Duke”. But we need a way to update this
cards that makes sense, we can not just decide upon a value
to take or add depending on what we see fit.

Our solution for updating the probabilities was to use
data we got from previous sessions. Since Filipe Fortes[8]
had done tests for his thesis using Coup we created a small
database with the resulting logs from his sessions. We counted,
for each role, how many times the human players did a cer-
tain action while holding that role card. Not considering for
the counting roles from faced up cards. This gives us the
probability of a player performing a particular action given
that he has a particular role card P (Action|Role).

Given this information, we can now calculate the proba-
bility of an player having a card given that he performed a
particular action, using a simple Bayes Rule:

P (R|A) =
P (A|R)P (R)

P (A|R)P (R) + P (A|¬R)P (¬R)
(2)

Both P (Role) and P (6 R) are obtained from the Theory of
Mind probabilities.

We can calculate the values of P (A|R) and P (A|¬R) from
our small database as it follows:

P (A|R) =
count(Action ∩Role)

count(Role)
(3)

P (A|¬R) =
count(Action ∩ ¬Role)

count(¬Role)
(4)

When we refer to Action here, it can be either an actual
action from the game or a counteraction, challenge or lack
of them (”No Counteraction” and ”No Challenge”). When
updating the Theory of Mind because of an action, the For-
mula 2 only considers actions counts from that coin range.
There are four coin ranges that correspond to what actions



can be used with that number of coins. The first interval
ranges from 0 til 2 coins, since players can not do neither ”As-
sassinate” (requires 3 coins) nor ”Coup” (requires 7 coins),
the second from 3 til 6 since players can already do ”Assas-
sinate”, the third from 7 til 9 because they can do ”Coup”
and finally 10 or more coins since only ”Coup” is available
with that amount of coins.

Since there are only three cards of each character our agent
needs to keep track of the cards that are known to it. For
example, if our agent does ”Exchange”it will know the role of
4 cards, at least until the next time another player exchanges
cards with the deck, our agent will know they do not have
those 4 cards (they may have others with the same roles).
This is useful in case 3 of those 4 cards are the same, when
that happens the probability of other players having that
role needs to be set to 0. In order to do this, the Theory of
Mind component keeps track of all revealed cards in two lists,
the revealed cards list where it has the agent’s cards and
the faced up cards from other players, and the ”temporarily
revealed” list, where it keeps cards it has seen while doing
”Exchange” and that gets reset every time another player
exchanges a card with the deck.

4.2 Theory of Mind Level 2
Our Theory of Mind follows a Simulation-Theory approach

in the way that our agent will consider other players to rea-
son the way it does. So our second level of Theory of Mind
will be updated using the same formulas as the first.

When the agent initializes the first level it has in con-
sideration its two starting cards and their roles. But when
updating the second level, since it does not know the roles
of the cards of the other player, it assumes the three cards
from that role are in the deck, thus in Formula 1 we have
n′ = n− 3.

Formula 2 is used the same way as in the first level, with
P (Role)and P ( 6 Role) coming from the second level proba-
bilities.

The ”revealed” and ”temporarily revealed” lists are not
used for this level since those cards are only revealed to the
agent and not the other players. For the second level the
Theory of Mind component keeps an extra ”revealed to all”
list where it keeps the faced-up cards in order to update the
second level of theory of mind properly.

4.3 Deliberative Component
For the deliberative component we will use Filipe Forte’s

Decision Making Algorithm[8]. This Decision Making Al-
gorithm is an adaptation of the regret minimization algo-
rithm[16].

Since Coup is a game where some information is unavail-
able (the cards of the other players), a player can regret
making some action once he learns its result and finds out
this would have been better had he chosen another action.
This algorithm goal is to minimize the regret of the agent.

The decision making algorithm takes current information
about the other players directly from the Theory of Mind
component, and the current state of the game, which is taken
from the information processed in the Memory component
of our agent. It keeps strategies from previous plays, which
are composed of information about the actions from each
respective play.

For each action that is available to the agent in the current
state of the game, the algorithm will generate all possible

outcomes for that action.The algorithm will also generate for
each of these outcomes their corresponding probability (e.g.
for the ”Steal” action, the possible outcomes are it succeeds,
it gets challenged or it gets blocked), that is obtained from
the information the agent has stored in its Theory of Mind
component. Note that here the probabilities of actions being
challenged or blocked were set to default values that did not
change throughout the game.

Having all possible outcomes and their probabilities for
the available actions, the algorithm will calculate, for each
outcome, its value towards winning the game (given by a
utility function that calculates the potential of the player
winning the game based on his potential to get coins and
eliminate cards), which is then multiplied by the outcome
corresponding probability. The value of the action is given
by adding all of that action’s outcomes product between
value and probability.

By multiplying each action’s value by its probability in
the previous agent’s strategy, the algorithm produces the
value relatively to that previous strategy. This will be done
for all past strategies.

Having the value of past strategies towards the current
state of the game, the algorithm will proceed to calculate
the regret of each action by summing the difference between
the action’s value and a past strategy’s value, multiplied by
the probability of reaching the current state of the game
using that past strategy. By summing all these values for
each past strategy and then dividing by the number of past
strategies, the algorithm is capable of effectively calculating
the regret for each action.

A new strategy is then produced based on the percentage
of regret that each action gives, when considering the total
amount of regret of all actions summed. After having the
new strategy defined, the agent will then play the action
that produces the least amount of regret.

The process mentioned before is only used when a deci-
sion involves an action, challenge or counteraction. When
the decision involves losing a card or changing cards, the
algorithm uses a different approach.

This different approach is very similar to the one for choos-
ing a normal action, but for losing or exchanging cards, the
calculations only take into account the value of the outcomes
of losing or changing certain cards.

4.4 Accommodating Theory of Mind
The Theory of Mind is used for two main tasks in Coup,

detecting lies and lying. The lie detection is done with the
first level of Theory of Mind probabilities, if a player plays an
action from a role and the probability of having that role is
low, the ”Challenge” will be considered the best play by the
Decision Making Algorithm. Both the first and second level
will help the player choosing its actions as we will see ahead,
but mostly the second level will be used for lying, since it
will give us insight to whether or not the other player will
believe our agent’s action, according to the cards it believes
our agent to have.

A positive aspect of the Deliberative Component we used
is that it was easy to integrate the Theory of Mind prob-
abilities, since it used some default values before that we
replaced them by our probabilities.

But making sure the algorithm used our probabilities was
not enough, we had to make rules when choosing the best
action to ensure the good functioning of the Theory of Mind.



We lowered the threshold for doubting ”Exchange” since
it is not an action players lie much about. So our agent
will only doubt challenges when the probability of the other
player having the card drops below 10%.

We also made sure that when the agent had the card to
block either ”Steal” or ”Assassinate” it would not challenge
those actions unless the probability of the other player hav-
ing the card was really low (below 10%).

Since most players lie about having a ”Duke”, specially in
the beginning of the game, the initialized Theory of Mind
values would not be enough to catch these lies, since our
agent would only challenge ”Tax” in the beginning of a game
if it had 2 ”Duke” cards. We wanted our agent to risk it
sometimes, but not too much, so we decided that if it has
one ”Duke” card it will doubt an early ”Tax” (on the other
player’ first turn) 50% of the times.

Another very important rule we made was for the agent
not to challenge any action if the game can be won on the
next turn (other player only has 1 card and the agent has 7
or more coins). With the exception of an ”Assassinate” that
would make the player lose or a ”Steal” that would leave
the player with not enough coins to win the game, in these
cases if the agent has the card it takes to block it does not
challenge, if not we let the decision making algorithm decide
whether or not it wants to challenge or lie about being able
to block.

One thing we had to implement was the probability of the
agent being challenged and countered, since it was initialized
with default values and left like that throughout the game.
These are important to ascertain when it is safe to lie and
when it is not, and also to avoid doing action that will most
likely be blocked. To generate and update this probabilities
we used information from the two levels of Theory of Mind.
To get the probability of the action being blocked, we use the
probability of the other player having the necessary card to
block it. For the probability of an action being challenged,
we use the probability of the other player thinking our agent
does not have the card that allows that action to be made.
From these actions the ones that can be blocked also take
into account the probability of the other player not being
able to block the action.

Besides this, whenever the other player blocks an action,
the probability of block for that action will be 1 until its
cards suffer some change. Note that the algorithm may still
choose that action if for some reason the probability of the
player having the role capable of doing the block drops too
much (in order to after challenge the block).

5. EMYS, THE COUP PLAYER

5.1 Overall System Architecture
Our complete system is composed by the agent from Sec-

tion 4, a robot (EMYS), a behaviour planner (Skene), a text
to speech component and of course, the coup game itself. All
of these components need to communicate with each other
throughout the game, be it to give and receive instructions
on what to do and what was done in the game, or to commu-
nicate with the human player. In order to connect all of these
components we used Thalamus[14], a high-level integration
framework that makes it possible to divide an interactive
character into several components, both virtual and physi-
cal. This means that each component can perform its role
and cooperate with other components through the exchange

of messages on thalamus. Thus we just need a client for
each component, which will subscribe to the events it wants
to receive from and send to Thalamus. Figure 5.1 shows all
components connected via thalamus. Even though they are
all connected, not all components will communicate between
themselves, only in the subscribed channels.

Figure 2: Overall System Architecture

The agent’s implementation was done on FAtiMA[5], an
agent architecture with planning capabilities, capable of in-
fluencing agents’ behaviour with the use of emotions. Even
though we did not need any of the appraisal and emotions
FAtiMA offered us, using FAtiMA made it easier to imple-
ment the agent, thanks to already implemented ways of deal
with events.

5.2 EMYS Robot and Speech Component
The robot we used is called EMYS (EMotive headY Sys-

tem)[12], Figure 3, is a mechanoid robot head conceived for
human-robot interaction experiments like ours. We named
our player EMYS after the robot because people will be
physically playing against the robot.

Figure 3: EMYS

EMYS is able to act upon the environment and also to
perceive it. To act, it uses its previously described compo-
nents together with a speaker. These allow it to make fa-
cial expressions in order to express emotions, establish and
maintain eye-contact with humans, and play synthesised or
prerecorded speech, giving it a voice.

These capabilities made this robot head a great host for
our agent, making it possible for the agent to interact with
the human players. For our work, we only need it to interact
in two ways, by speech and turning his attention towards
different things.

To control EMYS we use a semi-autonomous behaviour
planner capable of semi-automated behaviour called Skene[14].
For instance, to generate speech-based behaviour with skene,
one just needs to write a set of utteranes on a spreadsheet,



divided by categories and subcategories (with the format
Category:SUBCATEGORY). Skene will send BML (Behaviour
Markup Language) and non-BML actions (such as sounds or
application commands) to the EMYS component to make
the robotic lip sync and to the Speech Client component
to reproduce sound according to the utterance. The EMYS
component will also receive instructions to look to a certain
coordinate from Skene, this way we can tell EMYS to look
to the player, to its cards and to the player’s cards.

For the agent to choose the right sentence according to
what is happening in the game we needed to implement a
manager for the utterances on the agent side. An updated
version of the agent with the utterance manager module can
be seen in Figure 4

Figure 4: Agent architecture with the utterance
manager module and player information

The utterance manager has two main functions: produc-
ing an utterance according to the action chosen by the de-
liberative component and producing an utterance according
to perceptions from the game. An utterance has a category
and a subcategory, so if the deliberative component outputs
the action ”Steal” as the best action, the utterance selected
will be of category ”Action” and subcategory ”STEAL”.

In order to keep coherence the utterance manager takes
into account the action sequence. For example, instead of
saying ”I don’t doubt it” (NoChallenge category) followed
by a ”I block” (Counter category), EMYS will say ”I don’t
doubt it” followed by a ”but I block” (ButCounter category),
in order to create a more natural speech.

EMYS comments to game events take into account re-
sults from actions, challenges and counteractions, not only
its own but also the other player’s results. It also has some-
thing different to say at the end of a game according to the
winner, the game’s length and the number of cards lost by
EMYS. A game in which EMYS wins while keeping both
its cards faced-down will result in an utterance of the type
”GameEnd:EASY”, while a game that only lasts 4 rounds or
less will be a ”GameEnd:QUICK”.

To generate new utterances when the player plays more
than one session, the utterance component makes use of in-
formation the agent stores about the other player (Figure 4
Player Information) such as actions, challenges results, num-
ber of no challenges and previous sessions results. This al-
lows the agent to trigger special comments when the other
player uses an action more often than any other throughout

the games. For instance, in case a player uses ”Steal” too of-
ten it will trigger a comment like ”You’re always using steal,
should I call the police?”. Another type of comment that
can be triggered is when a player doubts EMYS too much,
it will say something like ”Why are you always doubting
me?”. This way we hoped to increase the way the users
perceive EMYS as capable of social interaction.

Besides saying its actions and commenting on certain game
events, EMYS is also capable of reminding players who take
more time to play or did not understand what EMYS did.
So if a player is distracted while EMYS does a Tax, after
some time EMYS will say ”Don’t forget I did Tax”.

5.3 Digital Tabletop and Coup Unity Game
Since EMYS has no hands we used a digital tabletop run-

ning a Coup game, to allow human players and robot to play
together.

We used the Coup game developed for the tabletop by
Filipe Fortes for his study[8] to which we made some im-
provments based on feedback from users from his tests. The
game was developed in unity and communicates with Tha-
lamus to either get actions from the virtual agent or to up-
date it. Everytime something changes the game state, may
it be because of another player’s actions or the result of the
agent’s own action, unity sends the update through Thala-
mus.

The user communicates with the game through the table-
top. Every player, EMYS included, has in front of him
all the information it needs to play. This information in-
cludes their cards, that are hidden by default, a button that
shows or hides the cards, depending on their current visibil-
ity, their coins and finally, a list of actions’ buttons, if it is
that player’s turn. There is a help button that while pressed
shows a a list just like the original cheat sheet that provides
all the information they need in terms of actions, counterac-
tions and which characters may be needed to perform them.
All actions and counteractions that can be challenged, will
prompt two buttons to other players, ”I doubt” and ”I be-
lieve” in case of challenge, and ”I block” and ”I don’t block”
in case of counteraction.

Every button that does not need to be showing at a given
time will be hidden until it does. So when it is the player’s
turn to act, the buttons to do so will appear, making it clear
to the player what he needs to do.

6. EVALUATION
In order to test our social robot playing the game of Coup

we conducted user studies. where users played Coup against
our robot. Our objective here was to test our hypothesis:
an agent equipped with Theory of Mind shall detect
other players’ lies more often while playing the game
COUP against a human than one without Theory of
Mind. Besides testing the hypothesis we wanted also to find
out if our Theory of Mind component had influence on how
EMYS plays the game of Coup and on humans’ perceptions
of EMYS’ skills.

6.1 Sample
A total of 30 users (22 male, 8 female) took part of this

study, with ages ranging from 22 to 33 (M=24.07; SD=2.506).
Participants were randomly allocated to one of two different
conditions: the Theory of Mind condition, where our agent
was using the Theory of Mind module and a no Theory of



Mind condition, where the agent would not use the module.
In both conditions, all the other modules were the same (ex-
cept of course for the Theory of Mind influence on the delib-
erative component). The participants were not made aware
of the different types of the agent so their initial perception
of the agent did not differ between the two conditions.

6.2 Measurements
We did two types of measurements, a questionnaire, to get

how users perceived the two agents, and we kept logs from
all plays done in the games.

For the questionnaire, in order to ascertain the robot’s
competence, we used Godspeed’s dimension of perceived in-
telligence, with a semantic differential of 5 points[1]. Fif-
teen other questions of the Likert-type scale with 5 choosing
points were created, based on the competitive context and
on the game’s objective, covering this way Theory of Mind,
Robot’s Performance and Enjoyment.

6.3 Methodology and Procedures
Each player had to play three sessions of five games each,

on different days. Our objective with playing multiple ses-
sions was to take away the downside of inexperience.

On the first session, upon arrival to the experiment room,
the participant would answer to the first part of the ques-
tionnaire, composed of demographic questions and questions
to ascertain their expectations. Then if the user did not
know the game beforehand, we would start by explaining
its rules with a copy of the traditional Coup board game.
Once the player knew the rules we would then explain how
to play the game on the tabletop. We would do this by
supervising the first game, in order to make sure the user
understood correctly both the rules and also our interface,
to avoid mistakes during the tests. The remaining games
were done with no on-site supervision. At the end of the
five games, the participant would answer to the second part
of the questionnaire.

On the second session participants just played the five
games, unsupervised, without filling any questionnaire.

Finally on the third session, participants played the five
games with the robot and, at the end, filled the same ques-
tionnaire they filled at the end of the first session.

6.4 Questionnaire Results
The data analysis from the questionnaires was done taking

into account the observed population’s normality, whenever
this was observed the statistic test used was t-Student for
independent samples. In cases where normality was not ob-
served we used Mann Whitney-U as a non parametric test.
To ascertain the interaction between the time effect (ses-
sions) and the conditions we ran a Mixed Anova, since we
compared data from repeated measurements with indepen-
dent samples’ data. There was no significant changes be-
tween the time (the session) and the condition in which the
participants were.

6.4.1 Perceived Intelligence
From Godspeed’s dimension of perceived intelligence we

got that participants considered EMYS intelligent regardless
of conditions.

6.4.2 Theory of Mind
These questions had as an objective to see if humans no-

ticed the presence of Theory of Mind on the condition where
it was present. The results obtained from our participants
were not conclusive, being that none of the results had sig-
nificant differences between conditions.

The participants seemed to think EMYS did not know
what their cards were, with results from both conditions
with scores close to the neutral value. We found it strange
that both conditions got similar results, since the condition
with no Theory of Mind did not catch much lies (as we will
see in the discussion at the end of this chapter) from the
players. Although the neutral values may indicate players
just did not know if EMYS knew or not what cards they
had.

In terms of EMYS knowing when the participants lied, the
results were again inconclusive between conditions. With
the results from third season (U=64.5, p=.067) implying
that there might be a slight difference, just not a significant
one. We believe that with more participants we would have
a significant difference between the two conditions, with the
Theory of Mind condition getting a better score.

We now believe that the question, ”I think that EMYS
perceived when I lied”, should have been preceded by ”Did
you lie during the game?”, because players who did not lie
could not possible know if EMYS knew when they lied. So
if there were players that did not lie, they probably put 3
on this question.

Participants also thought that EMYS was not capable of
neither understand their strategies, nor anticipate their de-
cisions. We believe that the complexity of Coup plays an im-
portant role in these results. Again a question that may be
hard for less experienced participants, ”I think that EMYS
could understand my game strategy”, if a participant did not
have a particular strategy he probably did not know how to
answer this question. Leading to more neutral results.

6.4.3 Robot’s Performance
Overall, participants in both conditions perceived EMYS

as a strong opponent, that played well and was capable of
lying well throughout the games. They also considered play-
ing with EMYS to be challenging and that its plays would
make them change tactics during the sessions. There were
no significant differences between the conditions in any of
these aspects on either of the sessions.

Although participants in both conditions seem to have
felt that EMYS was able to deceive them during the game,
results from participants in the Theory of Mind condition
show a significant difference (U=63.5, p=.05) compared to
the other condition, with higher scores on the third session.

In respect to competitiveness, even though in general par-
ticipants seem to have felt that EMYS played in a competi-
tive way, on the third session participants in the Theory of
Mind condition perceived EMYS as more competitive than
the ones in the other condition.

In general participants from both conditions seemed to
think EMYS was not easily deceived by them. On the third
session though, results seem to show that the participants
in the condition with no Theory of Mind gave higher values
than those in the Theory of Mind condition. Even though
we may be inclined to think this, we can not say it for sure
due to lack of significant differences in these results (U=67.5,
p=.089).

6.4.4 Enjoyment



Players in both conditions liked playing Coup with EMYS.
We found significant differences between the two conditions
(U=70.5, p=.042) on the results of the third session, where
participants placed in the Theory of Mind condition gave
slightly higher values when asked if they liked playing the
game with EMYS.

In general, participants in both conditions did not find
playing with EMYS boring with the course of the game.
Values from both the first and the third sessions were close
to 1.

6.5 Empirical Results
The difference between the final number of wins, both in

games and sessions, of the two conditions was not conclusive.
In total, the Theory of Mind agent won 109 games (out of
225) and 19 sessions (out of 45) while the agent with no
Theory of Mind won 106 games (out of 225) and 18 sessions
(out of 45). So both agents won around the same percentage
of games, 48% and 47%, and sessions, 42% and 40%.

In the Theory of Mind condition, EMYS lied a total of
141 times. The human players in this condition challenged
EMYS a total of 225 times and caught 71 of its lies. So
50% of EMYS lies were caught by the players, who had 31%
successful challenges. On the other hand participants lied a
total of 151 times. EMYS challenged them 190 times and
caught 72 of their lies. Making it 48% of lies caught by
EMYS and 38% successful challenges.

In the condition with no Theory of Mind, EMYS lied
246 times. The human players in the condition challenged
EMYS 294 times and caught 109 of its lies. EMYS lies
were caught 44% of the times and the players had 37% of
successful challenges. In terms of participants in this con-
dition, they lied a total of 254 times. 4 of these lies were
caught by EMYS that made a total of 13 challenges. So
EMYS only caught 1% of the players’ lies, with 31% of its
challenges being successful.

The numbers seem to confirm our hypothesis: an agent
equipped with Theory of Mind shall detect other
players’ lies more often while playing the game COUP
against a human than one without Theory of Mind.
With 48% of lies caught by the agent with Theory of Mind
against 1% and 38% of successful challenges against 31%.

Not only is the percentage of detected lies and success-
ful challenges bigger compared with the no Theory of Mind
condition, but one could also say it is as good as the human
participants. Participants in the Theory of Mind condition
caught 50% of the lies, only 2% more than our agent with
Theory of Mind and were 6% less successful in terms of chal-
lenges, with 31% successful challenges against 37% from the
agent. Participants in the other category caught even less,
44% against 48% of caught lies with 37% successful chal-
lenges.

6.6 Discussion
Some relevant questions rise from these results, to which

we try to answer ahead.
Why did the agent with no Theory of Mind chal-

lenge so little times the participants?
The agent in the No Theory of Mind condition has no idea

of what cards the other player has. This being said, it does
not challenge the human player often because it is too risky
and the Decision Making Algorithm ends up choosing the
”No Challenge” over the ”Challenge”. There are only two

situations in which this does not apply, when the algorithm
sees there is no more chance of winning or the agent saw the
three cards of that character and the other player’s cards
have not changed since then. The first situation is usually
when the other player blocks EMYS’ ”Assassinate” and the
other player will to win next turn either way.

Why did both the agent and the participants in
the No Theory of Mind condition lie more than the
ones in the Theory of Mind condition?

The reason why the agent in the No Theory of Mind condi-
tion lied more than our Theory of Mind agent was because it
did not speculate over whether or not the other player would
challenge its action. The Theory of Mind agent does this,
avoiding this way too obvious lies. One example of this is
when the agent loses a card because it did not have, for ex-
ample, a ”Duke” upon being challenged for doing ”Tax”, the
Theory of Mind agent will update the information on the
other player so that it knows the other player now knows
EMYS does not have a ”Duke”. The other agent does not
do this, so it may still make ”Tax” the next turn. We be-
lieve that the participants on the same condition on the
other hand, lied more because they were not challenged that
much. Feeling free to lie at will.

Why did the agent with Theory of Mind lose al-
most the same number of games as the one without
it?

After an analyse of all the games done by the Theory of
Mind agent, we noticed that it made frequent risky chal-
lenges, losing a lot of cards this way. In 70% of the matches
this agent lost, it lost at least 1 card for an unsuccessful
challenge and in 15% it lost both its cards for the same rea-
son. Even though our agent’s successful challenges rate is
higher than the participants’ one, we still think it can be im-
proved. One thing that would do this, would be improving
the reasoning in the deliberative component to assign risks
for losing the second card higher than losing the first, mak-
ing it more careful and only doubting when almost certain
(lower probability of other having the character).

Why did the participants in the Theory of Mind
not give significant better values in the Theory of
Mind questions, compared to the other condition?

We believe that even though our Theory of Mind lead
the agent on the first condition to detect as many lies as
a human, it may not be that obvious for the participants
what that standard is, so even if EMYS behaved well, it
may have not be enough for people to perceive that it knew
their cards and when they lied. The questions may be the
problem, since that, even if the agent got values close to
those of the humans, lie detection wise, one would not say
that a person that failed around 60% of challenges actually
knew what the other player cards were or when they lied.

Even though there were not significant differences between
the two conditions results, on the third session, we get the
impression that the second condition rates tend to be lower,
at least in the questions 4 and 5 (both means are under 2.5).
We find it weird that some players gave a rate of 4 to either of
the questions in this condition, since the agent made only 13
challenges in total against all participants, the only reason
we can think of is that their answers were acquiescence bias.
Acquiescence bias[11], or friendliness bias, occurs when a
respondent demonstrates a tendency to agree with and be
positive about whatever the moderator presents.

Why was the Theory of Mind agent perceived as a



better lier than the agent with no Theory of Mind,
when the latest had a slightly bigger percentage of
successful lies (54% against 50%)?

We think that the reason the Theory of Mind agent has
slightly less successful lies was because games were shorter
on the Theory of Mind condition (approximately 12 turns
per game, compared to an average of 17 turns per game in
the other condition) because the challenges done made the
games end earlier. A longer game helps the player keep their
lies for more turns without being challenged, since usually
if a player does not challenge an action in one turn, it will
believe it in the next. The fact that participants from the
Theory of Mind condition were less successful with their
challenges, with 69% failed challenges against 63% could be
the reason why the Theory of Mind agent was perceived as
a slightly better liar than the other.

7. CONCLUSION
Even though there are many areas to where theory of mind

is being put to use, there are no significant studies on its
use on agents lie detection skills. With this dissertation we
intend to change that.

We started by providing a theoretical background focused
on Deception, Lie Detection and Theory of Mind to ease the
understanding of our approach. Where we also explained the
game in which our agent will be interacting. We proceeded
by presenting studies that related somehow to what we as-
pire to achieve, and gave us some insight on how to achieve
it. We saw theory of mind approaches and the use of theory
of mind in areas like deception, robotics and human-robot
teams’ behaviour. We also analyzed a social interaction tool
and a study on how to reason about others.

Guided by these works and the results from preliminary
user tests on the matter in hand, we came up with an archi-
tecture for our agent. This was implemented on FAtiMA’s
architecture, taking advantage of part of its core to which we
added two more components, our Theory of Mind compo-
nent and a deliberative component we adapted from another
work for our agent.

This agent, capable of detecting deception is represented
physically by a social robot-head and used to play Coup
against humans with the help of a tabletop running an im-
proved version of a previous implemented Coup game.

To test our approach and answer our hypothesis, we tested
our agent against a version of the agent without Theory of
Mind while playing Coup against human players (one on
one).

From the results we obtained, we get that our hypothe-
sis, ”an agent equipped with Theory of Mind shall detect
other players’ lies more often while playing the game COUP
against a human than one without Theory of Mind”, was ob-
served, with the agent with Theory of Mind detecting more
lies than the one without (48% of lies caught against 1%
from the agent without Theory of Mind).

We were glad that, not only did our hypothesis was ob-
served but also that our agent with Theory of Mind detected
approximately the same number of lies as the human players,
needing less challenges to do so.

Even though we could confirm our hypothesis, the percep-
tion of participants over the two agents performance did not
differ much. But still our Theory of Mind agent was per-
ceived as a slightly better liar, more competitive and more
enjoyable to play against compared with the other agent.
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