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Abstract: The game ’Mafia’ is a logic puzzle that has been a top-rated party game played worldwide.
Many studies have been dedicated to determining the best character combination to keep players
engaged while analyzing the overall death toll. Although it has only two-sided plays, there are
multiple combinations of characters in which each character’s rules are different. This paper explores
the game’s sophistication using the game refinement theory and motion in mind model while
measuring the entertainment of each character’s actions. It then focuses on the dynamics of minority
versus majority behaviors during the game process. Computer simulations were conducted to
collect the data of each character and assess the entertainment impacts. Moreover, the energy
value of each character was computed based on the motion in mind model. The results show
that when the number of ‘Mafia’ and the number of ‘Sheriffs’ are equal, the sophistication of each
character is maximized. In addition, the data indicates the player engagement in the following order:
Ma f ia > Sheri f f > Citizen. Thus, it can be concluded that the actions of the Mafia character are
the most complicated and significantly impact the game. It is expected that the results in this study
enable game designers to improve each character’s perspective and examine possible enhancements
from the viewpoint of entertainment.

Keywords: logic puzzle; Mafia game; game refinement theory; motion in mind model

1. Introduction

The traditional game theory originated with the idea of the existence of mixed-strategy
equilibria a in two-person zero-sum game [1], which has also been shown as a powerful
tool in many fields such as political science, sports, psychology, and economics. However,
few studies analyze games’ entertainment and sophistication in a mathematical way. Game
refinement (GR) theory was proposed earlier by Iida et al. [2] to determine different levels
of the game’s sophistication. The GR theory is based on the game outcome uncertainty,
with a logistic model constructed as a core framework.

The Mafia game or the Werewolf game is a kind of party game with a high logic, which
also can be played on the Internet. A simple version of the Mafia game contains two groups
with three kinds of characters: (1) Mafia and Citizens, and (2) Mafia, Sheriffs and Citizens.
The game alternates between day and night round by round; players in different roles have
their own functions. The game was suitable for analyzing the sophistication and energy
exchange between players and the game itself since it is a multiplayer game.

In this paper, our main objective is to find the best combinations of character setting
by applying the GR theory to each play aspect of the game. Based on the result, the energy
exchange of each character with the game is analyzed. The paper organization is as
follows. Section 2 provides an overview of the Mafia game and some related works.
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The fundamentals of GR theory and its application to the Mafia game are given in Section 3.
Then, the simulations and evaluation of the results are provided in Section 4. Section 5
provides the energy analysis and its assessment. Finally, Section 6 concludes the study.

2. Related Works

In this section, a brief sketch of the Mafia game is given, and an overview of research
development with the game is presented.

2.1. The Mafia Game

The Mafia game is a party game and can be played both offline and online on the
Internet. The moderator divides the players into two secret teams: the Mafias and the
Citizens. Then, the moderator sends the identity cards to each player. The Mafias’ goal is to
kill all of the Citizens before being discovered. The Citizens’ goal is to identify the Mafias
and vote to lynch them—the game cycles between day and night.

During the night in the game, everyone closes their eyes except the Mafias. The Mafias
will silently decide which player they want to kill and signal their choice to the judge. Once
they have made their choice, the judge asks everyone to open their eyes and announces
who was killed. Then everyone is free to say or do anything to guess who the Mafias are
and vote to lynch someone they suspect. That player reveals their identity, and if there are
any surviving Mafias, the night begins again. The standard edition Mafia game contains
“Judge”, “Mafias”, “Sheriffs”, and “Citizens”. The game is based on the “kill all the Citizens
and Sheriffs, or all the Mafias” rule. The actions of each character are provided as follows:

• Judge: The judge has to guide the course of the game, and not participate with any
team. The game begins at night. Firstly, everyone needs to close their eyes, except for
the judge and the Mafias. The judge will let the Mafias know who the teammates are
and identify the player they want to kill. Then, let the Mafias close their eyes, tell the
Sheriffs to open eyes to realize teammates, and verify players. During the daytime,
the judge tells everyone to open their eyes and declare the player dead based on the
results of the Mafia killings at night. After this, players will be directed to speak in
order and point out the players they suspect of being a Mafia by the judge. Finally,
the player is instructed to vote, noting that the player with the most votes will be
declared out of the referendum by the judge. After the progress above, the judge will
conduct the second night.

• Mafias: The Mafias’ goal is to kill all the players of the Citizen camp. Hence, they will
disguise themselves as much as possible and mislead other players during the daytime.
On the first night, guided by the judge, they identify their teammates and use hand
signals to tell the judge which player they want to kill. In offline game conditions,
the Mafias communicate by using gestures that do not make a sound. In the online
game, voice communication is possible. On the first night, they make a random choice
of players to kill. On the subsequent nights, they choose the player most likely to
know their identity to kill (Sheriffs or Citizens), depending on the daytime situation,
to ensure victory for the Mafias. Since the simple version of the Mafia game does
not have a role that prevents players from being killed, the Mafias will succeed in
killing players.

• Citizens: The Citizens’ goal is to help the Sheriff to win the game for the Citizen camp.
The Citizens will close their eyes at night without any extra information. During the
daytime, they will be guided by the judge to speak by pointing out the players they
suspect of being Mafias. They vote to lynch the players they think are Mafias based on
their analysis of the game situation. They vote by telling the judge the player number.
All players will participate in the voting.
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• Sheriffs: The Sheriffs’ goal is the same as the Citizen’s. During the night, they will
verify the true identity of other players, guided by a judge. During the daytime, they
will inform other players of their verification results when they are speaking. They
will convince other players of their identity as much as possible, to guide other players
to vote the Mafias out of the game.

2.2. Research Development on Mafia Game

Norhaidi et al. [3] had conducted a study with a focus on the use of the Mafia game
in linguistic classrooms based on self-reporting and a set of semi-structured interviews
administered to 137 undergraduate students and 12 facilitators. The findings revealed that
learners participated and mitigated anxiety in learning English since the game required
interrogate and team-driven decision-making. However, careful consideration of the level
of linguistic ability relative to the game implementation as an instructional tool can be
learner-specific. Meanwhile, Conner and Baxter [4] reported on the implementation of
student-centered applied-learning activity using the game Werewolf (a similar variant of
the Mafia game with additional roles or characters), where learners engaged with symbolic
interaction theory and analyzed everyday life experiences. Such an implementation aimed
to incorporate more active learning approaches to social theory by outlining an applied-
learning activity based on the role-playing game Werewolf as an alternative pedagogical
tool that demonstrated heightened understanding of the underlying concepts.

From the perspective of natural language processing and automating AI negotiation,
complex negotiation involves an uncooperative situation requiring an agent’s ability to
hide information and infer intention from communication between AI agents [5]. Such a
feat had been achieved by designing the protocol between agents, which was analyzed
from the agent communication in the game Werewolf. This situation includes features
such as the absence of objectivity, reasoning, and persuasion which were derived from
the lack of objectivity, along with modeling of others’ self from the viewpoint of oth-
ers. In a study, a non-human agent that can play the game Werewolf (i.e., AI wolf) was
constructed by Hirata et al. [6]. Another study by Nagayama et al. [7] involves analyzing
in-game conversation logs where cooperation between werewolves via measure of the
number of “whispers” (werewolves’ private chat) and its influence on the percentage of
winning. The study found that the winning percentage of werewolves is higher when two
werewolves have established frequent dialogue or a high number of whispers occurred.
In addition, an ε-Nash equilibrium analysis of the “stealth werewolf” strategy is proposed
by Bi and Tanaka [8]. The results show that it is not an optimal choice, but only a suboptimal
choice in a disadvantageous situation for the werewolf players.

Recently, Chang [9] proposed a simulator that can simulate various characters’ ac-
tions more realistically by adding a weight of credibility, which changes continuously as
the game progresses and clearly distinguishes the identity of each player. In addition,
the study also analyzed the simulation to find the best combination solution dynami-
cally as the change of the total number of players relative to two theories: (1) a simple
asymptotic formula for the Mafia-winning chance, and (2) game refinement (GR) the-
ory. Since deceptive games such as the Mafia game require development of strategies
(deceivers draw in unknown bystanders and bystanders detecting falsehoods), a study
by Ibraheem et al. [10] developed a computational classifier to identify Mafias from text-
based role-playing behaviors of the characters with up to 70% accuracy. The study’s finding
suggests that understanding the systematic features that define honest and deceptive
players advances the ability to automate the detection of online deceit and grasp group
dynamics in real-world collaboration.

From the information science perspective, manipulating and exploiting the game
rules and settings change the complexity of the Mafia game which, ultimately, could also
influence its entertainment impact. However, limited studies were conducted to quantify
and determine these criteria while maintaining the relative balance of ‘chance’ and ‘skill’ in
the game itself. Analyzing game sophistication via the GR theory has been successfully
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applied for such purposes to various board games [11] and sports games [12,13]. However,
focusing on psychology research between an informed minority and uninformed majority,
the Mafia game provides different dynamics of interactions between multiple players that
pose unique challenges themselves [14]. In addition, Braverman et al. [15] analyzed the
minority players in the Mafia game as a subgroup should be how large and strong for
dominating the game. From the macro-level analysis and application of Nash equilibrium,
Xiong et al. [16] found that the optimal combinations of characters directly influenced the
sophistication of the Mafia game.

A study on combinatorics game theory can be found in [17]. The author studied
the Mafia game using the combinatorics research method of vertex coverage and Nash
equilibrium theory. Our study is to analyze the behavior of majority and minority players to
find the optimal combination of players through the overall game entertainment assessment.
We expect our analysis results to be consistent with the results of combinatorics analysis. Bi
and Tanaka [8] conducted a method to analyze the game Werewolf from the perspective
of both camps (Werewolf or non-werewolf) in the game. It used the CRF+ algorithm to
calculate the ε-Nash equilibrium and improved the hash function, which is proposed by
Braverman et al. [15]. The CFR+ algorithm is studied by Bowling et al. [18], which can
handle significant games analysis. The algorithm is originally a variant of the counterfactual
regret minimization algorithm, which was proposed by Zinkevich et al. [19].

Nevertheless, such a situation assumed that the behaviors of each character were
always optimal, but in reality, they were not always optimal. As such, this study attempts
to focus on each character’s actions and assess their entertainment impact by applying
the game refinement theory and motion in mind model [20]. Our objective is to find the
combinations of players that maximize the expected entertainment of the game through the
analysis of minority versus majority behaviors of the Mafia game players. Moreover, we
intend to assess such entertainment aspects of the Mafia game from the game designer’s
perspective by analyzing the relationship among them. To achieve this goal, we decided to
use the GR theory as our assessment methodology, which has been successfully adopted in
many previous studies as a foundation for entertainment assessment.

3. Assessment Methodology

Game refinement (GR) theory was proposed earlier to determine different levels of
sophistication of games. Furthermore, it was proposed based on the concept of game
progress and game information progress [2]. It bridges a gap between board games and
sports games [21]. The game progress model of the GR theory will be introduced in
Section 3.1. Then, the method for applying the GR theory in the Mafia game is provided
in Section 3.2.

3.1. Game Progress Model and Game Refinement Theory

Generally, some games are score-limited, others are time-limited. Hence, there are
two factors for calculating the scoring rate in the game. One is the goal in the game;
another is the time or steps to achieve the goal. The game progress represents the degree
of certainty of a game’s result in time or steps (t). By observing the whole situation of
a game, the overall game is regarded as linear progress. Hence, the game progress x(t)
will be given as a linear function of the amount of uncertainty solving as given by (1),
where parameter n (where 1 ≤ n ∈ N) is the number of possible options and x(0) = 0
and x(T) = 1. However, during the in-game time, the game’s result is always uncertain.
The result of the game is unknown until it is finished. As such, it is reasonable to render the
game progress exponential where (2) gives a realistic model of the game progress model.

x′(t) =
n
t

x(t) (1)

x(t) =
(

t
T

)n
(2)
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In the game progress model, n is the rate of action that contributes to the goal of the
game, and the ( t

T ) is the percentage of game goal completion. Then, the acceleration of
game information progress (rate of uncertainty solving) is obtained by deriving (2) twice
by solving it at t ∈ [0, T], (3) is obtained. According to (3), game progress is happening in
our minds. Since the physics of information in the brain is still unknown, the acceleration
of information progress is likely subject to physics’s forces and laws. The physics of
information in the brain may not be seen directly or indirectly by us. However, we do feel
tension, anxiety, excitement and other emotions when we are playing games. Similarly,
we can find similar ideas in a famous psychological study which is called flow theory and
proposed by Csikszentmihalyi [22]. Our study is trying to keep the bridge from psychology
to physics in mind. We can also find more details about similar work from [20]. In the game
progress model, the acceleration of velocity implies the difference in the rate of acquired
information during game progress. A measure of game refinement (GR) is obtained as the
root square of the second derivative. For a game with branching factor B and game length
D (i.e., a board game, approximated by utilizing an efficient αβ algorithm in a MIN/MAX
tree search structure), the GR can be approximated as in (4).

x′′(t) =
n (n− 1)

Tn tn−2 |t=T =
n (n− 1)

T2 (3)

GR =

√
n (n− 1)

T
≈
√

B
D

(4)

In the game refinement theory, the various games can be represented through the
game progress model, where there are two kinds of progress models: the game speed or
scoring rate. At the same time, another one is game information progress that focuses on
the game outcome. Several games are sophisticated by applying the GR measure (Table 1),
where B/G is the branching factor or total goals, and the D/T is the game length or total
shot attempts, respectively. The table shows that these games have similar GR measures
(∈ [0.07, 0.08]). It indicated that these games have similar game sophistication, quantified by
the game refinement theory. In this condition, players enjoy the same level of engagement
among various types of games. Similarly, game refinement theory can also be applied to a
non-game context that had successfully been evaluated in the hotel loyalty programs [23].
Many previous works have shown that the players enjoy the game most when the GR
measure is located in the “zone” of [0.07, 0.08]. This is the result of realistic observation
combined with mathematical theory analysis. An analysis of popularity research of an
arcade game which is named Jump & Jump can also explain this condition [24]. Since the
Mafia game is a kind of party and deceptive game, it is expected that the Mafia game could
potentially be analyzed using the GR theory.

Table 1. GR measure of several sophisticated games [25].

Game B/G D/T GR

Chess [2,26] 35 80 0.074
Go [26] 250 208 0.076
Basketball [12] 36.38 82.01 0.073
Soccer [12] 2.64 22 0.073
Badminton [12] 46.34 79.34 0.086
Dota 6.80 [25] 68.6 106.2 0.078

B/G: branching factor/total goal; D/T: game length or total shot attempts.

3.2. Game-Refinement Theory in the Mafia Game

In order to analyze the Mafia game according to the possible actions, we need to first
clarify the actions of each character in the game (four characters in the Mafia game: Judge,
Mafias, Citizens, Sheriffs). After introducing the character’s action in detail in Section 2.1,
a simple description will be shown as follows:
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• Judge: Hosts the game, not participating with any team.
• Mafias: Kills one character (except the Mafia) every night and pretends to be a player

during the daytime.
• Citizens: Votes to lynch someone during the daytime.
• Sheriffs: Each night, the Sheriff can discover the real identity of a player (except

the Sheriff).

From the actions of each character in the game, it can be observed that there are a
number of different ways the Mafias can kill the Citizens. They can kill the Citizen at
night, or induce other players to lynch someone during the daytime. The Citizens take into
account the statements of the others and the results of each round, then choose the player
they believe to be guilty to lynch them. Therefore, to analyze the sophistication of each
character, the value for B can be defined differently in (4) for each character.

• Mafias: Let Bm be the sum of the Suma and Sumb, where Suma indicates the average
number of killing actions at night, and Sumb indicates the number of players who are
lynched by voting with Mafias during the daytime.

• Citizens: Let Bc be the average number of Mafias who are lynched by Citizen voting.
• Sheriffs: Let Bs be the average number of Mafias with their identity confirmed by the

Sheriffs and then be lynched by voting.

To assess the entertainment of this game, the branching factor (B) analyzed above
is regarded as the contribution to the game goal in the game progress for each character.
Then, D in (4) is the average of the sum of all the actions, during the life of each character
in this game. Thus, the final form of game refinement measures in the Mafia game is given
by function (5).

GR =

√
B

D
(5)

3.3. Motion in Mind Model

The notion of “motion” in game-playing relies on the rate of the information repre-
senting the “progress” of the gaming process, constituting the speed or “velocity” of the
game, defined as the success rate (v) [20]. In contrast, the challenge or difficulty of reaching
such a success rate would constitute the weight or “mass” of a game that can be generally
defined as the difficulty rate (m = 1− v). In the context of games, given one part of m and
one part of v, the fundamental assumptions of zero-sum game-playing condition where
gain or loss utility of one player is exactly balanced by the losses or gains of the utility of
its opponent [27,28].

In this study, the focus is shifted towards the potential energy (Ep) and momentum
(~p) in the game, where the former is defined as the game playing potential or the expected
game information required to finish a game, while the latter refers to the competitive
balance of a game involving the degree of challenge needed (m) and effort given (v) to
drive the game progression. Since v = 1−m and ~p = mv = m · (1−m), it can be observed
that ~p ≤ 1

4 . This implies that momentum is maximized when m = 1
2 [20]. With respect to

the study conducted on player satisfaction model by Xiaohan et al. [29], the reward system
(N) was incorporated to better represent the motion in mind model, given by (6) and (7) for
the Ep and ~p, respectively.

Ep = 2mv2 =
2(N − 1)

N3 (6)

~p = mv =
(N − 1)

N2 (7)

4. Experiment Results and Its Analysis

In this section, simulation design with AI and its results of data analysis are shown.
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4.1. Simulation Setup and Analysis

The simulation was conducted to imitate real human behaviors such as in-group
cooperation and competition using a simulator engine that considers preset actions of
each character adopted by AI agents. Each action is generated randomly for each char-
acter, and some actions use weighting for specific cases. For example, on the first night,
the Sheriffs and the Mafias will randomly select players to check and kill, respectively. We
will perform this random behavior in our simulation program. For the probability of the
Sheriffs checking into the Mafias and the Mafias killing the Sheriffs, we will add a random
number as a weight parameter (correct probability) to the checking function and killing
function to affect the return value of these functions. We only show the main process of
the simulator in the following algorithm, so the random function is not mentioned in the
algorithm. For each character’s behavior, their condition is shown as follows:

• Sheriff (S): Generally, after the Sheriffs discovered that a player’s identity is “Mafia”,
there is a high probability that they will vote for the player in the next voting, and in-
duce other Citizens to vote for this player. Therefore, we set a parameter to indicate
the possibility of exposing the identity of Mafias.

• Mafia (M): The Mafias kill the Citizens randomly except that one of them has been
exposed by any sheriff. At this time, the Sheriff that revealed them would be their
target.

• Citizen (C): Because all the Citizens do not know the identity of each player, there
is no guarantee that all Citizens will believe the Sheriff’s speech. Therefore, we set a
parameter for each Citizen to indicate that possibility of believing in the Sheriff.

Based on the probabilities of each character’s action, the model can imitate the “identity
hiding” behavior of a real player in the game; thus, making the simulator close to reality
helps us analyze each character’s sophistication. Hence, we create a program to simulate
the Mafia game by using C++ for collecting the action data. The process of the simulator is
shown in Algorithm 1, where it describes the overall process of the simulator. In general,
the process first starts with the Mafias choosing the player to kill which then the identity of
all players is checked by the Sheriff. Then, the players’ discussion is simulated by voting
function to decide which player will be lynched out. Finally, the game continues if the
number of Mafias is smaller than the total number of the Sheriff and Citizens (M ≤ S + C),
or one Mafia still exists (M 6= 0).

Algorithm 1: Mafia simulation

1 S:= Count of Sheriff;
2 C:= Count of Citizen;
3 M:= Count of Mafia;
4 V:= Voting Result;
5 do
6 MafiaKilling(C,S);
7 SheriffChecking();
8 SheriffVoting();
9 MafiaVoting();

10 CitizenVoting();
11 V← JudgeStatistics() ;
12 Lynch(V);
13 while M ≤ S + C and M! = 0;

Each of the functions was as follows. The MafiaKilling(C,S) function involves
the Mafias randomly selecting the target to kill. If the Mafia feels that the Sheriff is marking
them, the priority is given to targeting the Sheriff. In the SheriffChecking() function,
only the Sheriff can check the identity of the players. First, they choose a random target to
check the identity, and a threshold value determines the possibility of exposing the identity
of the Mafia. This threshold is generated by a random number used as a correct probability
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and depends on the remaining number of each character (proportions of players). If they
identify the Mafia, the Mafia will be marked.

In voting, the SheriffVoting() function determines if there is any Mafia marked
by the Sheriffs. If there is, then a priority vote is given to that Mafia while persuading
other players to vote together. If there is no marked Mafias, they will randomly select a
player to vote instead. Meanwhile, the MafiaVoting() function involves voting a player
randomly. For the CitizenVoting() function, the voting is determined based on their
judgment of other players. This condition is determined by using a threshold value, where
they will mark a player as a Mafia when over the threshold while choosing a random
target to vote when under the threshold. The Citizens’ judgment is based on the threshold
value. Similarly, the thresholds here are similar to those of the Sheriffs. However, since
the proportions of players in their eyes are not the same as the number in the Sheriffs’
eyes, or the correct probability is different, the judgments among Citizens are also different.
For the JudgeStatistics(V) function, the judge finds the player who accumulated the
most votes and shows the result. Then, the player who accumulated the most votes will be
out of the game, given by the Lynch(V) function.

4.2. Results Analysis of GR

A total of 648 combinations of each game character were simulated, in which the game
was run 10,000 times to ensure the result reliability. Table 2 showed ten sets of data to
observe the trend of our data. From the table, ‘S’, ‘C’, ‘M’ showed the number of players for
“Sheriff”, “Citizen”, and “Mafia”, respectively. In addition, “Cwin” and “Mwin” represented
the number of wins in their respective roles (Citizen and Mafia) for 10,000 games. Here, it
can be noted that, when the number of Mafias is greater than one-fifth of the total number,
the Mafias will win overwhelmingly. The average number of actions, the average number
of effective actions, and the GR measure for each combination will be shown for each
character. According to the Table 2, it can be noted that for each character, as the number
of players increases, that more changes will happen while decreasing the GR value (for
instance, the parameter (S = 7, C = 15, M = 7) and (S = 9, C = 15, M = 10)).

Table 2. GR measure of Mafia characters based on various settings.

Com(S, C, M) Cwin Mwin GR(S) GR(C) GR(M) Var

2,4,2 2275 7725 0.3439 0.2134 0.2946 0.146
2,8,3 825 9175 0.2613 0.092 0.1913 0.0518
2,10,2 2901 7099 0.2296 0.0722 0.1997 0.0423
2,10,5 125 9875 0.2503 0.0621 0.1257 0.0357
2,14,2 5871 4129 0.1966 0.0459 0.1804 0.0288
5,10,5 2170 7830 0.1145 0.0550 0.1058 0.0035
4,15,2 7059 2941 0.1235 0.0394 0.1683 0.0135
7,15,7 2138 7862 0.071 0.0318 0.0674 0.0015

9,15,10 365 9635 0.0571 0.0301 0.0453 0.0024
10,15,10 630 9370 0.0506 0.0302 0.0444 0.0026

Com(S, C, M): Parameter combination; Cwin: the game number of Citizen wins, Mwin: those for Mafias; GR(S):
GR measure for Sheriffs, similar to Mafias and Citizens; Var: variance among the GR measure of characters.

For the Sheriffs and the Mafias, because they were constrained by each other when
the number of players is small, the players can choose fewer operations, resulting in a
more considerable GR value (For instance, the parameter (S = 2, C = 4, M = 2) and
(S = 2, C = 14, M = 2)). In contrast, for the Citizens, due to the high randomness of the
actions, if the player number is large, the effective actions will be small, resulting in a long
game and a lower GR measure (For instance, the parameter (S = 2, C = 10, M = 2) and
(S = 10, C = 15, M = 10)).

For finding the best choice combination, the GR measure of each character was as-
sessed. Most previous works found that GR ∈ [0.07, 0.08] is the ‘zone’ value in various
games that provide a balance between skill and chance [2]. In other words, the game is the
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most engaged in this context. Ideally, all the assessment of GR values in this study should
conform to this ‘zone’ value. However, it is hard to achieve because of their mutual restraint.
Alternatively, its variance from 0.07 could help us select the best combination to indicate
relative closeness to the ‘zone’ value. From the simulation results, when the number of
Mafias is equal to the number of the Sheriffs, each character’s average sophistication is
the highest. However, considering the most balanced case of all results, the parameters of
(S = 5, C = 10, M = 5) and (S = 7, C = 15, M = 7) were the most appropriate choices.

4.3. Result Analysis of Ep

With the GR measure among various characters, further analysis is conducted to
determine the players’ potential energy using the potential energy (Ep) measure of the
motion in the mind model. Although the rules of the Mafia game constitute three or
more characters, the game is essentially still two-sided. As such, the energy for each
character is defined as (8)–(10), where the results are given in Table 3. From the table, ‘S’,
‘C’, ‘M’ showed the number of players for “Sheriff”, “Citizen”, and “Mafia”, respectively.
In addition, “Cwin” and “Mwin” represented the number of wins in their respective character
(Citizen and Mafia) for the 10,000 game run.

Ep for Sheriff = 2msv2
s = 2ms

(
Gs

Ts

)2
(8)

Ep for Citizens = 2mcv2
c = 2mc

(
Gc

Tc

)2
(9)

Ep for Mafia = 2m f v2
f = 2m f

(
G f

Tf

)2

(10)

Table 3. Potential energy of Mafia characters based on various settings.

Com(S, C, M) Cwin Mwin Ep(S) Ep(C) Ep(M) Ep(Var)

2,4,2 2275 7725 0.190 0.035 0.635 0.097
4,4,2 5257 4743 0.243 0.078 0.323 0.016
2,8,3 825 9175 0.053 0.004 0.473 0.067
2,10,2 2901 7099 0.180 0.014 0.529 0.069
2,10,5 125 9875 0.009 0.0003 0.258 0.021

2,12,6 12 9988 0.0006 2.279
× 10−5 0.178 0.010

5,10,5 2170 7830 0.067 0.008 0.214 0.011
4,15,2 7059 2941 0.225 0.015 0.181 0.012
4,15,4 3286 6714 0.110 0.007 0.214 0.011
7,15,7 2138 7862 0.038 0.004 0.122 0.003

Com(S, C, M): setting combination; Cwin: the game number of Citizen wins, Mwin: those for Mafias; Ep(S):
potential energy for Sheriffs, similar to Mafias and Citizens; Ep(Var): variance for the potential energy.

5. Discussion

Various games considered in this study constitute three distinct sports landscapes:
mind (or m-sports; e.g., board games or abstract games such as Go, Shogi, and Chess),
physical (or p-sports; e.g., Basketball, Soccer, Table Tennis, and Badminton), and electronic
(or e-sports; e.g., DoTA and action games), as depicted in Figure 1 (adapted with permission
from Xiaohan et al. [29]). Since N values were related to the reward ratio for a player in the
game-playing process, in the context of this study, the N value is determined as 1

v (v is the
game speed defined by the ratio of G

T ).
The energy changes of each character in the Mafia game had been given in Figure 2,

where the x-axis is the N value and the y-axis is the variance of the energy. It can be
observed that the N ∈ [2, 6] for Sheriffs and Mafia, while N ∈ [3, 14] for the Citizen. This
situation describes that Mafia and Sheriffs always remain hidden in the game (minority)
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but represent a compelling character. Depending on their roles, they often have to complete
their tasks in secret (such as identifying their partner or avoiding being a target of lynching).
Therefore, according to their N value, Sheriffs and Mafia are required to be more competitive
and typically dealing with a more stable condition (lower range of N values). In addition,
compared to Mafia, Sheriffs could not directly control the game results based on their role
but can help Citizens, making them need more energy when N is small. In contrast, Citizens
have a larger range of N values; thus, reflecting their unstable condition and relying on
high ability, motivation, and effort, but less competitive than the other two characters. Thus,
ranking the engagement experience, the order was Ma f ia > Sheri f f > Citizen. As for the
rank of game effort, the order was Sheri f f > Ma f ia > Citizen.
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Figure 1. The convergence of p-sports, m-sports, and e-sports based on the a indicators, relative to
the physics in mind measures.

Figure 2. Energy changes of each character.

When observing the change in player number (Figure 3), it was found that, as the
player number increases, the energy decreases, which reflects that players would need less
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energy to play the game. This condition describes that, as the number of players increases,
the game ‘pressure’ for each character in the Mafia game will not be as much since the thrill
of engagement occurred less often and was less evident due to their being rarely suspected
or targeted. The further analysis reflected that an increase in the proportion of Mafia
decreases the energy of Mafia, as shown in Figure 4. This condition means that the game
will be easier when the number of Mafia increases. In contrast, when the proportion of
Sheriff increases, their energy increases, which shows that it is more difficult to be engaged
when a larger proportion of the player is the Sheriff. For Citizens, no direct impact was
observed when its proportion changed due to less functionality being expected from the
Citizen role (given that this is the most straightforward character to play and they usually
cannot know a substantial amount other characters’ details), which does not change the
energy. As such, they were stable in any of the settings.

Figure 3. Energy changes with player number.

Figure 4. Energy changes with the proportion of characters.

6. Conclusions

This study proposed methods to analyze the sophistication of character roles in the
Mafia game using the GR theory, while expanding the analysis to its game-playing expe-
rience using the motion in mind model via the reward ratio to determine their potential
energy. Typical analysis of such a game involves determination of the best character com-
bination by analyzing the overall death toll [16]. This study is interested in observing
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how the combinations of characters affect the game-playing experience and impact the
overall expected entertainment which originates from the mutual restraint between the
characters. A total of 6,480,000 game runs were analyzed from the simulator of the Mafia
game implemented using the C++ program.

Based on the analysis of the GR value, several entertainment character combinations in
the Mafia game were identified, which helps balance the game experience in terms of ability
and chance while providing enough sophistication to be entertaining when using any of
the characters. Analysis from the energy in mind perspective, the relationship between
reward ratio (N) and proportion of character roles was also explored. The N value and
the value of the character’s proportion affect the player’s experience of playing Mafia and
Sheriff, while Citizens always have a stable engagement experience.

The study potentially describes dynamics of minority versus majority behaviors in a
party game setting of the Mafia game, which had been analyzed by theoretical quantification
methods of GR value and motion in the mind model. Nevertheless, this study does not
claim that such a method could perfectly describe players’ actual behaviors in game-
playing settings but rather estimate the possibility of such behaviors and approximate
the entertainment expectation from it. In addition, the game designer can also improve
the character roles and functionality in the minority or majority group to enhance the
game-playing experience, while improving its entertainment aspects. Therefore, future
studies could be conducted to compare, on a large scale, how the current simulation
results hold against actual human behaviors while further verifying the effectiveness of
this quantification method. Similarly, such a quantification method could also be adapted
to determine the educational potential of the Mafia game, which had been previously
suggested to be an essential tool that was useful in such endeavors.
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