
IPSJ SIG Technical Report

Finding Comfortable Settings of Mafia Game
using Game Refinement Measurement

Shuo Xiong1,a) XintingMao1,b) Wenlin Li2,c) Hiroyuki Iida1,d)

Abstract: This paper explores the game sophistication of a popular party game called Mafia or Werewolf. It focuses
on the playing settings, i.e., the number of total players (say N) including citizen, mafia (m), sheriff (s) and doctor (d),
denoted as MFG(N,m, d, s). Computer simulations for a simple version of Mafia game are conducted to obtain the
data while game refinement measure is employed for the assessment. The results indicate several interesting observa-
tions. For example, the measure of game refinement would reduce as the number of players increases. This may imply
that Mafia game would become boring as the number of players becomes too many. MFG(N,m, s, d) can be played
reasonably with N ∈ {14, 15, 16}, m ∈ {5, 6}, s = 1 and d ∈ {1, 2}. In particular, MFG(15, 5, 1, 1) or MFG(15, 6, 1, 2) is
the best under the assumption that its game refinement measure is within the sophisticated zone. Moreover, the level of
players affects the game balancing and game sophistication. For example, mafia would dominate citizens if all players
are weak, which implies that the game sophistication would be reduced.
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1. Introduction
Mafia game, also called Werewolf, is a popular party game which
can be played face to face or on the Internet. In a typical version,
two groups of players – Mafia and citizens, act in several rounds.
Each round has a certain progress, and the game comes to an end
when one group kills out all the members of the other. As a pop-
ular multi-player game, Mafia game is a good research target be-
cause the balance of the game can be easily affected by different
settings [10]. For example, it is interesting to know the optimal
number of players in a specific multi-player game to maintain the
attractiveness [13].

To our best knowledge, few investigations have been made in
the aspect of comfortable settings of Mafia game. In order to
tackle this challenge, computer simulations are performed to ob-
tain the statistical data such as the average number of players
killed and game length, whereas game refinement measure is em-
ployed for the assessment. As a benchmark in this study, we have
chosen a simplest version of Mafia game, in which there are only
two groups named mafia and citizens, with sheriffs and doctors
in the group of citizens, but without any special characters and
additional rules. A Mafia game setting can be represented as de-
scribed in Notation 1.

The structure of this paper is as follows. Section 2 presents
the rules of Mafia game. Section 3 shows literature review. Sec-
tion 4 introduces our assessment methodology. Section 5 shows
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our computer simulations and its results. Finally, concluding re-
marks are given in Section 6.

Notation 1 MFG(N,m, s, d) denotes a game of Mafia which
has totally N players which consists of m Mafia group members
and N −m citizen group members including s sheriffs and d doc-
tors. MFG(N,m) simply stands for a game of Mafia which has
totally N players including m Mafia group members and N − m
citizen group members.

2. Simple Version of Mafia Game
Firstly, some participants collect in a circle and a game coor-

dinator assigns each player to one of the two groups: mafia or
citizens. Citizens know only their own identity, whereas mafia
members know the identities of both sides. The target of the game
is to defeat the other group. The game consists of two alternat-
ing phases – day and night. During the night the mafia members
make a decision to kill one of the citizens. Then during the day
time, all the players discuss together and vote for a possible mafia
that they want to execute. There can also be some special charac-
ters of the citizens who can use their skills to achieve the success,
such as sheriff (to investigate at night whether or not one is a
mafia member) and doctors (to save a killed character at night)
[10].

There are many variants of Mafia game. A typical modification
of the game is to add characters with special skills as many as pos-
sible. For example, in the “Werewolf” game, besides prophet (the
same as sheriff in Mafia game) and guarder (the same as doctor in
Mafia game), a number of characters can be added, such as hunter
(when a hunter is killed, he can kill anyone of the alive charac-
ters for revenge), witch (she has a poison to kill any character
and a panacea to save a partner) and twins (two citizens knowing
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the identity of each other) etc. “Werewolf” game also adds some
event cards to adjust the game process, which makes the game
more interesting [2].

People play Mafia game in a party or just to kill time. Cur-
rently, there are two types of Mafia game. One is the traditional
card game, in which players get together and pick cards to decide
their roles. They also need to choose one person as the com-
pere master, who have to control the game period such as to re-
mind mafia, sheriff and doctor to do their works. The other one is
Mafia video game in which players use computers to play. Play-
ers are assigned to their characters by the game system, and can
use skills by pressing a simple button. The game system can also
judge which group is the winner automatically. The platform of
the most famous Mafia video game is the custom map in Star-
Craft II as shown in Figure 1. Later we detail the simple version
of Mafia game.

Fig. 1: A screenshot of Mafia game map in StarCraft II

3. Literature Review
As such a popular game, Mafia game was not known as a game

at the beginning. The history of this game can date back to 1970s
that it was created for a psychology research [18]. Then the game
evolved into a party game for fun and has been played for many
years. Generally, there are four aspects to focus on: psychology
and game theory, artificial intelligence, team work (or collabora-
tive) strategy, and game design. For example, studies using var-
ious features to determine whether or not a player is a mafia are
focusing on the aspects of human behaviors and psychology, like
how a certain round is impacted by the number of words used in
each utterance [15]; by hand and head-movements [3]; or by play-
ers’ utterances, utterance lengths and the number of interruptions
[8] to determine identities of players.

Particularly, in 2008, Braverman et al. [2] performed a theo-
retical study concentrating on finding the optimal strategies for
the different groups and tried to calculate the winning rate. They
were interested in the best strategies for different groups in such
scenarios and in evaluating their relative power, then analyzed
two variants with or without a sheriff or also called detective and
found it that the best strategy in the absence of a sheriff is when
the total number of players is R and the number of mafia mem-
bers is O(

√
R), there will be an equal rate for each group to win.

Conversely, when the number of mafia members is linear in R,
it is proved to be fair when there are sheriffs in the game, which

means even a single sheriff could change the qualitative behavior
of the game.

In 2014, Katagami et al. [8] studied the nonverbal informa-
tion in Mafia game. They made investigations about influences of
nonverbal information, such as gestures and facial expressions,
on the winning rate. It was observed that nonverbal information
is important for the victory of the game. Based on this study,
Kobayashi et al. [9] developed a match system for humans with
life-like agents. With this system, they tried to analyze nonver-
bal information from movies of games played by human to verify
whether a life-like agent can give impressions like a human if they
mount the analyzed movement on a life-like agent. They found
that the movement felt doubtful would also be doubtful even if
a life-like agent expressed, though there is a difference in an im-
pression that is influenced by the contents of utterances.

Later in 2016, Bi [1] concentrated in a werewolf-side strat-
egy called “stealth werewolf” strategy, with which each of the
werewolf-side players (Mafia members) behaves like a citizen
without showing his special role. They also limited some of the
human-side behaviors and calculated ε-Nash equilibrium for both
sides under this limitation. It was found that this strategy is not
friendly for the group of Mafia to win.

Besides, several audio-visual corpora containing dialogue data
in Mafia game were constructed in order to get known of group
communication [6] [12]. A behavioral model was also made by
Hirata et al. [5], containing behavioral information from playing
logs, to describe playing process between humans. This model
identifies an action selection probability to realize an agent that
can behave like humans.

Furthermore, in the area of game design, a custom game
in Blizzard’s StarCraft II called “SC2Mafia” was created by
Dark Revenant [4]. Similar to other web-based Mafia games,
SC2Mafia is inspired by the classic party game with the same
name, but features a faster pace and a wider range of different
role options. The only requirement for playing SC2Mafia is a
copy of StarCraft II. People who have not purchased the game
can also download StarCraft II Starter Edition, which has been
made available for free by Blizzard. SC2Mafia features a strong
player base and loyal community of users who are playing games
at almost any time during a day. The most interesting feature in
SC2Mafia game is that every player has his special ability, and
every player has his own room number, for instance, a Spy can
wiretap the talking of Mafia or Triad group in night, a Lookout
can observe any player and see who “visited” them during a par-
ticular night etc. SC2Mafia seems to be a challenging target in
the future because of its complexity, hence a further discussion
will be made later in this paper.

Basically, the previous works have been focusing mainly on
the human behaviors, artificial intelligence and natural language
processing as academic contributions. There are hardly any stud-
ies about Mafia game’s settings or the balance of the game itself.
However, balance is crucial for attractive games, as a root, and
this paper will therefore mainly propose a method to show how
to make a good balance between both sides and maintain comfort-
able settings of Mafia game by testing an assessment way using
game refinement measure.
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4. Assessment Methodology
This section presents the assessment methodology to find out

the best settings of Mafia game in the sense of game sophistica-
tion.

4.1 Game Refinement Measure
Game refinement theory [7] gives a measure to quantify the

sophistication of a game. This enables to obtain the deep insight
into the current game and improve the quality of the game [11].
Game process will be divided into two elements. One is game
speed or scoring rate. Another one is game information progress
with a focus on the game outcome, which presents the degree of
certainty of a game’s result in time or in steps. Then, we use a
physical model to obtain the acceleration value (say GR) of game
[16]. The value of GR is derived from the average number of goal
scores (say x(tk)) over the average number of goal attempts (say
tk), where game information certainty x(t) is a function of time t
with 0 ≤ t ≤ tk and 0 ≤ x(t) ≤ x(tk) which corresponds to the av-
erage number of possible moves and game length in boardgames.
For the continuous movement games such as sports and video
games, a game progress model can be figured out to find the mea-
sure of game refinement [14]. Various types of games such as
boardgames and sports have been analyzed while applying game
refinement measures [17], summarized in Table 1. The results

Table 1: Measures of game refinement for various types of games

x(tk) tk GR
Chess 35 80 0.074
Shogi 80 115 0.078
Go 250 208 0.076
Basketball 36.38 82.01 0.073
Soccer 2.64 22 0.073
Badminton 46.336 79.344 0.086
Table tennis 54.863 96.465 0.077
DotA ver 6.80 68.6 106.2 0.078
StarCraft II Terran 1.64 16 0.081
The king of the fighters 98 14.6 36.7 0.104

reasonably enable us to assume an important characteristic of so-
phisticated games, as stated below.

Remark 1 Sophisticated games have a common factor (i.e.,
same or nearly same degree of informatical acceleration value,
say 0.07-0.08) to feel engaged or excited regardless of different
type of games.

Therefore, it is highly expected that a sophisticated version or
comfortable setting of Mafia game would have the nearly same
degree of game sophistication.

4.2 Game Progress Model of Mafia Game
Let us consider the game progress of Mafia game. In every

day and night, players will use their skills and logic to kill citi-
zens or execute the mafia member, while the number of players
is reduced to a certain value, then game is over. Therefore, let K
and L be the average number of players killed and average game
length, respectively. If one knows the game information progress,
for example, after the game, the game progress x(t) will be given
as a linear function of time t with 0 ≤ t ≤ L and 0 ≤ x(t) ≤ K, as
shown in Eq. (1).

x(t) =
K
L

t (1)

However, the game information progress given by Eq. (1) is usu-
ally unknown during the in-game period. Hence, the game infor-
mation progress is reasonably assumed to be exponential. This
is because the game outcome is uncertain until the very end of
game in many games. Hence, a realistic model of game informa-
tion progress is given by Eq. (2).

x(t) = K(
t
L

)n (2)

Here n stands for a constant parameter which is given based on
the perspective of an observer in the game considered. Then the
acceleration of game information progress is obtained by deriving
Eq. (2) twice. Solving it at t = L, the equation becomes

x′′(L) =
Kn(n − 1)

Ln tn−2 =
K
L2 n(n − 1)

Similarly, we get the refinement value GR =
√

K
L .

Here, we consider how to find the average game length. In a
real Mafia game, there would be some survivals who will join
the game at a certain round. Let Q and T be the average number
of survivals and average number of rounds for survivals, respec-
tively. Then we have L = QT . Thus, the final form of game
refinement value is given by Eq. (3).

GR =

√
K

QT
(3)

5. Simulations and its Results
This section presents the detail of our computer simulation and

the results are discussed.

5.1 Simulations
Below we list the regulations of Mafia game with a focus on

important characteristics, which are incorporated in our computer
program for the simulations in this study.

* The different groups

– There are N players in total and one more additional player
(neither a Mafia nor a citizen) to coordinate the game.

– Players are divided into two groups randomly. One group
is m mafia members, and the other is (N − m) citizens.

At the beginning of the game, following information is given
to players:

– Mafia members are given the identity of both sides.
– Citizens members are given the identity of themselves

(which means that they do not know who are Mafia mem-
bers).

* The different rounds

– There are two alternative phases: day and night.
– During the day, there are two consecutive subphases:

∗ Debate. Everyone still alive can say anything related
to accusing or defending.

∗ Vote. Everyone has one chance to vote for who should
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be executed. The player who gets the highest number
of votes is eliminated (in case of a tie, random again).
The victims faction is revealed.

– During the night:
∗ Sheriff decides whom he wants to inspect, then the

game compere will tell Sheriff the object that was in-
spected belong to Mafia or citizens.

∗ Mafia members jointly decide whom they want to kill.
∗ Doctor decides whom he wants to save.
∗ Game compere announces the night finished, and all

the players open their eyes and are mentioned who has
been killed or that nobody has been killed and it was a
peace night.

– Repeat the process. The game continues until there is only
one group (either the citizens or mafia) left and that group
wins.

Here, we use a program to simulate the process of Mafia game
MFG(N,m, 1, 1). Every round is divided into 4 parts: (1) Night
citizens’ strategy, (2) Night Mafia’s strategy, (3) Day discussion,
and (4) Day vote. Then, we have the game theory and the algo-
rithm idea as below.

* Sheriff will check the identity of a specific target player at
night, then write his identity in “last word”. If he finds out
the mafia member and can be alive until the next day, he will
show his sheriff status and ask citizens to execute the mafia.

* The doctor will save himself at night, while he knows who
is the sheriff. The doctor will always protect sheriff, unless
he was killed.

* Mafia members will kill a player each night, because mafia
members do not know whether the doctor is alive or not and
his decision, even if they know who is sheriff, they still keep
killing a player randomly. We show, in Figure 2, the strate-
gic aspect with a focus on Nash equilibrium for doctor and
mafia, v means the gambling value for Mafia group and doc-
tor.

* Citizen will vote and execute a player at the day time. If sher-
iff has information, then they will vote somebody by sheriff’s
suggestion. Otherwise, they will vote a player (who was not
investigated by sheriff) randomly. If several players have the
same poll, randomly vote again until someone can be exe-
cuted.

* All the players repeat this process, until one group wins the
game.

Table 2: Nash equilibrium in Mafia game for doctor and mafia

Doctor
Mafia

Kill Sheriff Kill Randomly

Save Sheriff (1, 0) (0 ≤ v ≤ 1, 0 ≤ v ≤ 1)
Save Randomly (0 ≤ v ≤ 1, 0 ≤ v ≤ 1) (0 ≤ v ≤ 1, 0 ≤ v ≤ 1)

5.2 Data Collection and Analysis
We develop a computer program using Python for our simu-

lation of the simple version of Mafia game. We show, in Algo-
rithm 1, the pseudo code. It shows the process of the game, while

including important parameters such as the number of players, the
number of mafia, the number of doctor, and the number of sher-
iff. We show, in Table 3, the results of 10,000 times simulations
carried out for each setting.

Algorithm 1 Computer simulation of Mafia game
1: function Assignment(N,m)
2: count(mafia)=m, count(sheriff)=1, count(doctor)=1,

count(players)=n
3: Random(n,m);
4: N ← mafia, sheriff, doctor, citizen
5: end function
6: function Investigate(sheri f f )
7: Random(le f t players)
8: if checked
9: return -1

10: else
11: get character of target player i
12: i← m,d,c
13: return 0
14: end function
15: function Kill(ma f ia)
16: Random(le f t players)
17: if mafia member
18: return -1
19: else
20: kill target player j
21: return 0
22: end function
23: function Save(doctor)
24: Random(le f t players)
25: if Sheriff=1
26: protect sheriff k
27: else
28: protect (le f t players) k
29: return 0
30: if j =!k
31: n=n-1;
32: end function
33: function Discussion(players)
34: if i = m
35: show sheriff’s status
36: else
37: keep silence
38: end function
39: function Vote(players)
40: if i = 1
41: vote i
42: else
43: vote N-i-sheriff
44: n=n-1;
45: return 0
46: end function
47: function Main(players)
48: while m > n

2

49: return 0
50: else
51: repeat
52: end function

In order to make the game more interesting, we not only con-
sider the game refinement value, but also firstly need to analyze
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Table 3: The results of simulation for MFG(12,m)

N m Win for citizens Rounds Death Win for mafia Rounds Death
12 6 267 6.07 10.63 9733 1.12 1.22
12 5 3284 5.38 10.01 6716 3.44 5.82
12 4 5975 5.04 9.52 4025 4.64 8.21
12 3 7859 4.60 8.76 2141 5.36 9.63
12 2 9003 3.97 7.60 997 5.78 10.46
12 1 9578 2.91 5.58 422 6.07 11.00

the setting balance. For example, Table 3 shows that the win-
ning ratio of citizens group is significantly low in MFG(12, 6)
while the winning ratio of the mafia group is low in MFG(12, 1).
Therefore, we need to choose the balancing setting. Considering
the game played by human with full of emotional behaviors, also
mafia members know each other and they have the information
advantage, here we pick out the settings in which the wining ratio
of the citizens group is a little higher than the mafia side, such as
MFG(12, 4) and MFG(12, 3). We show, in Table 4, the results of
simulation for various settings with 12 players.

Conjecture 1 For the citizens group, sheriff is much more
important than doctor from the viewpoint of game balancing.

Conjecture 2 MFG(12,m, s, d) is the best to play with m =

5, s = 1, d = 2 or m = 4, s = 1, d = 1 from the viewpoint of
game balancing while minimizing the difference of winning ratio
between mafia and citizens.

Further simulations will be conducted to find comfortable set-
tings with a focus on game refinement and game balancing for
MFG(N,m, s, d) with 9 ≤ N ≤ 20.

(20,9,4,4), (20,8,1,2), (19,7,1,1), (19,6,1,1), (18,7,1,2),
(18,6,1,1), (17,7,1,2) (17,7,1,1), (16,6,1,2), (16,6,1,1),
(15,6,1,2), (15,5,1,1), (14,5,1,2), (14,5,1,1) (13,6,1,2),
(13,5,1,1), (12,5,1,2), (12,4,1,1), (11,4,1,1), (10,3,1,1),
(9,4,2,1), (8,3,1,1)

As Table 4 shows, we also can get the average number of player
killed. In the case of MFG(12, 5, 1, 2), the average number of
player killed K is calculated by K = 5216∗9.86+4784∗5.41

10000 = 7.73.
Similarly we can get the average number of turn T , then we can
simulate to get the refinement value of previous 21 balance set-
tings as shown in Table 5. Table 5 suggests following two con-
jectures.

Conjecture 3 The measure of game refinement would reduce
as the number of players increases. This may imply that a game
of Mafia would become boring as the number of players becomes
larger.

Conjecture 4 MFG(n,m, s, d) can be played reasonably with
N ∈ {14, 15, 16}, m ∈ {5, 6}, s = 1 and d ∈ {1, 2}. In particu-
lar, MFG(15, 5, 1, 1) or MFG(15, 6, 1, 2) is the best under the as-
sumption that its GR value is within the sophisticated zone 0.07
– 0.08.

In this study, we notice that the most suitable players’ number
is 15. Here, we find an interesting phenomenon that in StarCrart
II complex Mafia game map, with any defeat setting, the player
number turns out to be 15. Figure 2 shows this setting that we can
find in the bottom right corner. Therefore, it can be inferred that
the game designer uses his experience to set 15 players, coincide
with our research results.

Fig. 2: A screenshot of StarCraft II

To observe the relation between the performance quality and
game characteristics, further simulations are conducted using two
different level of AIs– fair level and weak level.

• The strong AI always follow the Nash equilibrium as algo-
rithm 1. shows.

• The fair AI, doctor will protect randomly and mafia member
will kill randomly. We change the save function in algo-
rithm 1.

• The weak AI, doctor will protect randomly, mafia will kill
randomly and sheriff will not show their identity. We change
the sava and discussion function in algorithm 1.

Then, the simulations are performed using these different AIs for
the two settings: MFG(15, 5, 1, 1) and MFG(20, 9, 4, 4). The re-
sults are given in Table 6, and we have a conjecture.

Conjecture 5 The level of players affects the game balanc-
ing and game sophistication. For example, mafia would domi-
nate citizens if all players are weak, which implies that the game
sophistication would be reduced.

6. Concluding Remarks
The results of our computer simulations using a simple version

of Mafia game show some interesting aspects of Mafia game and
suggest the reasonable settings from the perspective of game so-
phistication, as summarized below. For the citizens group, sheriff
is much more important than doctor from the viewpoint of game
balancing. For N = 12, MFG(12,m, s, d) is the best to play with
m = 5, s = 1, d = 2 or m = 4, s = 1, d = 1 from the viewpoint
of game balancing while minimizing the difference of winning
ratio between two groups of mafia and citizens. The measure
of game refinement would reduce as the number of players in-
creases. This may imply that Mafia game would become boring
as the number of players becomes too many. MFG(N,m, s, d) can
be played reasonably with N ∈ {14, 15, 16}, m ∈ {5, 6}, s = 1 and
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Table 4: The results of simulation for MFG(12,m, s, d)

Setting Win for citizens Rounds Death Win for mafia Rounds Death
MFG(12,5,1,2) 5216 5.21 9.86 4784 3.21 5.41
MFG(12,4,1,1) 6716 4.96 9.49 3284 4.49 7.93
MFG(12,3,0,1) 7722 4.44 8.88 2278 5.29 9.52
MFG(12,3,1,0) 2170 5.15 9.65 7830 5.05 8.97

Table 5: The results of simulation for MFG(N,m, s, d) and its game refinement measure

Setting Win for citizens Average death Round Average length GR
MFG(20,9,4,4) 6635 13.20 7.61 76.09 0.0478
MFG(20,8,1,2) 5782 14.74 7.80 78.03 0.0492
MFG(19,7,1,1) 6532 15.12 7.83 74.40 0.0523
MFG(19,6,1,1) 7798 15.56 8.03 76.24 0.0517
MFG(18,7,1,2) 6347 13.56 7.17 64.55 0.0571
MFG(18,6,1,1) 6541 14.12 7.43 66.88 0.0562
MFG(17,7,1,2) 6938 13.27 6.89 58.58 0.0622
MFG(17,7,1,1) 5128 12.27 6.37 54.15 0.0647
MFG(16,6,1,2) 6980 12.22 6.46 51.72 0.0676
MFG(16,6,1,1) 5241 11.62 6.23 49.84 0.0684
MFG(15,6,1,2) 7548 11.95 6.21 46.61 0.0742
MFG(15,5,1,1) 7575 12.06 6.25 46.90 0.0740
MFG(14,5,1,2) 7612 10.72 5.67 39.66 0.0825
MFG(14,5,1,1) 5838 10.34 5.55 38.87 0.0827
MFG(13,6,1,2) 5117 8.35 4.38 28.45 0.1016
MFG(13,5,1,1) 6540 9.96 5.20 33.80 0.0934
MFG(12,5,1,2) 5292 7.75 4.27 25.59 0.1088
MFG(12,4,1,1) 6554 8.93 4.80 28.79 0.1038
MFG(11,4,1,1) 7269 8.51 4.46 24.54 0.1189
MFG(10,3,1,1) 7464 7.33 3.94 19.71 0.1373
MFG(9,4,2,1) 5424 5.74 3.27 14.69 0.1630
MFG(8,3,1,1) 5393 5.29 3.00 12.01 0.1916

Table 6: The results of simulation using different AIs for two settings

Setting AI level Win for citizens Average death Round Average length GR

MFG(15, 5, 1, 1)

Strong 7575 12.06 6.25 46.90 0.0740
Fair 7552 12.11 6.16 46.20 0.0753
Weak 1781 10.34 7.93 59.49 0.0541

MFG(20, 9, 4, 4)

Strong 6635 13.20 7.61 76.09 0.0478
Fair 4691 11.51 6.29 62.9 0.0554
Weak 380 8.60 5.79 57.6 0.0509

d ∈ {1, 2}. In particular, MFG(15, 5, 1, 1) or MFG(15, 6, 1, 2) is
the best under the assumption that its GR value is within the so-
phisticated zone. Moreover, the level of players affects the game
balancing and game sophistication. For example, mafia would
dominate citizens if all players are weak, which implies that the
game sophistication would be reduced.

Future works may include the analysis of complicated versions
of Mafia game in StarCrart II custom map (SC2Mafia).

Acknowledgements
This research is funded by a grant from the Japan Society for

the Promotion of Science (JSPS), within the framework of the
Grant-in-Aid for JSPS Fellow.

References
[1] Xiaoheng Bi and Tetsuro Tanaka. Human-side strategies in the were-

wolf game against the stealth werewolf strategy. In International Con-
ference on Computers and Games, pages 93–102. Springer, 2016.

[2] Mark Braverman, Omid Etesami, and Elchanan Mossel. Mafia: A the-
oretical study of players and coalitions in a partial information envi-
ronment. The Annals of Applied Probability, pages 825–846, 2008.

[3] G Chittaranjan and H Hung. Are you awerewolf? detecting deceptive
roles and outcomes in a conversational role-playing game. In IEEE
International Conference on Acoustics Speech and Signal Processing,
pages 5334–5337, 2010.

[4] Dark.Revenant. Starcraft ii mafia wiki.
http://http://sc2mafia.wikia.com, URL accessed, 2017.

[5] Yuya Hirata, Michimasa Inaba, Kenichi Takahashi, Fujio Toriumi, Hi-
rotaka Osawa, Daisuke Katagami, and Kousuke Shinoda. Werewolf
game modeling using action probabilities based on play log analysis.
In International Conference on Computers and Games, pages 103–
114. Springer, 2016.

[6] Hayley Hung and Gokul Chittaranjan. The idiap wolf cor-
pus:exploring group behaviour in a competitive role-playing game. In
International Conference on Multimedea 2010, Firenze, Italy, Octo-
ber, pages 879–882, 2010.

[7] Hiroyuki Iida, Kazutoshi Takahara, Jun Nagashima, Yoichiro Kaji-
hara, and Tsuyoshi Hashimoto. An application of game-refinement
theory to mah jong. In International Conference on Entertainment
Computing, pages 333–338. Springer, 2004.

[8] D Katagami, S Takaku, M Inaba, and H Osawa. Investigation of the
effects of nonverbal information on werewolf. In IEEE International
Conference on Fuzzy Systems, pages 982–987, 2014.

[9] Yu Kobayashi, Hirotaka Osawa, Michimasa Inaba, Kosuke Shinoda,
Fujio Toriumi, and Daisuke Katagami. Development of werewolf
match system for human players mediated with lifelike agents. In In-
ternational Conference, pages 205–207, 2014.

[10] Piotr Migdał. A mathematical model of the mafia game. arXiv preprint
arXiv:1009.1031, 2010.

[11] Chetprayoon Panumate, Shuo Xiong, and Hiroyuki Iida. An approach
to quantifying pokemon’s entertainment impact with focus on battle.
In Applied Computing and Information Technology/2nd International
Conference on Computational Science and Intelligence (ACIT-CSI),
2015 3rd International Conference on, pages 60–66. IEEE, 2015.

[12] Laurent Prévot, Yao Yao, Arnaud Gingold, Bernard Bel, and Kam
Yiu Joe Chan. Toward a scary comparative corpus: the werewolf spo-
ken corpus. SEMDIAL 2015 goDIAL, page 204, 2015.

[13] Alfian Ramadhan, Nur Ulfa Maulidevi, and Hiroyuki Iida. Game re-
finement theory and multiplayer games: Case study using uno. In
The Seventh International Conference on Information, Process, and
Knowledge Management, pages 119–125, 2015.

6ⓒ 2017 Information Processing Society of Japan

Vol.2017-GI-38 No.10
2017/7/15



IPSJ SIG Technical Report

[14] Arie Pratama Sutiono, Ayu Purwarianti, and Hiroyuki Iida. A mathe-
matical model of game refinement. In International Conference on In-
telligent Technologies for Interactive Entertainment, pages 148–151.
Springer, 2014.

[15] Fan Xia, Hong Wang, and Junxian Huang. Deception Detection Via
Blob Motion Pattern Analysis. Springer Berlin Heidelberg, 2007.

[16] Shuo Xiong, Parth Pankaj Tiwary, and Hiroyuki Iida. Solving the
sophistication-population paradox of game refinement theory. In In-
ternational Conference on Entertainment Computing, pages 266–271.
Springer, 2016.

[17] Shuo Xiong, Long Zuo, and Hiroyuki Iida. Quantifying engagement of
electronic sports game. Advances in Social and Behavioral Sciences,
5:37–42, 2014.

[18] Erlin Yao. A theoretical study of mafia games. Mathematics, 2008.

7ⓒ 2017 Information Processing Society of Japan

Vol.2017-GI-38 No.10
2017/7/15


