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Room D

Organized Session | Organized Session | [OS] OS-1

計算社会科学(1)[2D4-OS-1a]
鳥海 不二夫（東京大学）、笹原 和俊（名古屋大学）、吉田 光男

（豊橋技術科学大学）、瀧川 裕貴（東北大学）、榊 剛史（ホットリ

ンク）、高野 雅典（サイバーエージェント）
3:20 PM - 5:00 PM  Room D (301B Medium meeting room)

Proposal of the Method to Construct

Landscape Map for Massive Information

Propagation on Social Media

〇Takeshi Sakaki1,2, Fujio Toriumi2, Masanao

Ochi2 （1. Hottolink, Inc., 2. Univ. of Tokyo）

 3:20 PM -  3:40 PM

[2D4-OS-1a-01]

The emergence and evolution of

communication systems in dilemma

games with messaging

〇Naoki Inoue1, Junya Morita1 （1. Shizuoka

University）

 3:40 PM -  4:00 PM

[2D4-OS-1a-02]

Analysis of viewers’ comments on

Internet TV news

〇Tomosato Nishi1, Yuki Ogawa1, Hiromitsu

Hattori1, Fumiaki Taka2, Masanori Takano3,

Soichiro Morishita3 （1. Ritsumeikan

University, 2. Kanagawa University, 3.

CyberAgent, Inc.）

 4:00 PM -  4:20 PM

[2D4-OS-1a-03]

(Invited talk) Can business cards network

approach unresolved problems in social

science?

〇Naoki Maejima1, Tomonori Manabe1 （1.

Sansan, Inc.）

 4:20 PM -  5:00 PM

[2D4-OS-1a-04]

Organized Session | Organized Session | [OS] OS-1

計算社会科学(2)[2D5-OS-1b]
鳥海 不二夫（東京大学）、笹原 和俊（名古屋大学）、吉田 光男

（豊橋技術科学大学）、瀧川 裕貴（東北大学）、榊 剛史（ホットリ

ンク）、高野 雅典（サイバーエージェント）
5:20 PM - 7:00 PM  Room D (301B Medium meeting room)

Analysis of personal attribute

relationships based on online research

and social data

〇Baofa Du1, Kazutoshi Sasahara1,2 （1.

Nagoya University, 2. JST PRESTO）

[2D5-OS-1b-01]

 5:20 PM -  5:40 PM

Retrieving and analyzing interpersonal

relationship from large-scale mobility

data.

〇Kimitaka Asatani1, Fujio Toriumi1, Masanao

Ochi1, Junichiro Mori1, Ichiro Sakata1 （1.

University of Tokyo）

 5:40 PM -  6:00 PM

[2D5-OS-1b-02]

Proposal of a method to estimate

insurance claims caused by heavy rain

〇Takeshi Okazaki1, Oriol Gaspa Rebull1 （1.

Aon Benfield Japan Ltd.）

 6:00 PM -  6:20 PM

[2D5-OS-1b-03]

Detection of indirect dominance by

China on the global shareholding

network

〇Takayuki Mizuno1,2, Mitsuhiro Odaka1,2 （1.

National Institute of Informatics, 2. School of

Advanced Sciences, SOKENDAI）

 6:20 PM -  6:40 PM

[2D5-OS-1b-04]

Expressing Modern/Oldfashioned Racism

depending on News Contents of Internet

Television

〇Masanori Takano1,4, Fumiaki Taka2, Soichiro

Morishita1, Tomosato Nishi3, Yuki Ogawa3 （1.

CyberAgent, Inc., 2. Kanagawa University, 3.

College of Information Science and

Engineering, Ritsumeikan University, 4. The

University of Tokyo）

 6:40 PM -  7:00 PM

[2D5-OS-1b-05]

Room E

Organized Session | Organized Session | [OS] OS-9

顔文字の科学[2E4-OS-9]
奥村 紀之（大手前大学）、Michal Ptaszynski（北見工業大学）、R

zepka Rafal（北海道大学）
3:20 PM - 5:00 PM  Room E (301A Medium meeting room)

Analysis of Net Slang Expressing laugh at

Comments on Nico Nico Douga

〇Shiori Aoyagi1, Yasuo Kawai1 （1. Graduate

School of Information and Communications,

Bunkyo University）

 3:20 PM -  3:40 PM

[2E4-OS-9-01]

A Multi-class Classification based on the

Original Form of Kaomoji using Neural

Network

[2E4-OS-9-02]
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〇Noriyuki Okumura1, Rei Okumura2 （1.

Otemae University, 2. National Institute of

Technology, Akashi College）

 3:40 PM -  4:00 PM

Study on Potential of Automatic Emoticon

Generation Based on Emoticon Parts

〇Tomoaki Sakai1, Michal Edmund Ptaszynski1,

Fumito Masui1 （1. kitami institute of

technology）

 4:00 PM -  4:20 PM

[2E4-OS-9-03]

Convolutional Neural Network for Chinese

Sentiment Analysis Considering Chinese

Slang Lexicon and Emoticons

〇Da Li1, Rafal Rzepka1, Michal Ptaszynski2,

Kenji Araki1 （1. Hokkaido University, 2. KITAMI

Institute of Technology）

 4:20 PM -  4:40 PM

[2E4-OS-9-04]

Panel discussion

 4:40 PM -  5:00 PM

[2E10-13-5]

Room F

Organized Session | Organized Session | [OS] OS-5

複雑化社会における意思決定・合意形成

のための AI技術(1)

[2F3-OS-5a]

福島 俊一（科学技術振興機構）、福田 直樹（静岡大学）、伊藤

孝行（名古屋工業大学）
1:20 PM - 3:00 PM  Room F (302B Medium meeting room)

Innovation of Large-scale Consensus

Support System based on Agent

Technologies:A Large-scale Social

Experiment using the Automated

Facilitation Agent

〇Takayuki Ito1, Daichi Shibata1, Shota Suzuki1,

Naoko Yamaguchi1, Tomohiro Nishida1,

Kentaro Hiraishi1, Kai Yoshino1 （1. Nagoya

Institute of Technology）

 1:20 PM -  1:40 PM

[2F3-OS-5a-01]

(Invited talk) Towards Realization of

Collective Intelligence based on

Communication-field Mechanism Design

〇Tadahiro Taniguchi1 （1. Ritsumeikan

University）

 1:40 PM -  2:00 PM

[2F3-OS-5a-02]

(Invited talk) Market design: Designing

social mechanisms/institutions based on

game theory

[2F3-OS-5a-03]

〇Makoto Yokoo1 （1. Graduate School and

Faculty of Information Science and Electrical

Engineering, Kyushu University）

 2:00 PM -  2:20 PM

A Preliminary Design and Potential Issues

of LOD-based Inter-Domain Querying for

a Large-Scale Consensus Support System

〇Naoki Fukuta1 （1. Shizuoka University）

 2:20 PM -  2:40 PM

[2F3-OS-5a-04]

Opinion dynamics theory considering

interpersonal relationship of trust and

distrust and media effects

〇Akira Ishii Ishii1, Yasuko Kawahata2 （1.

Tottori University, 2. Gunma University）

 2:40 PM -  3:00 PM

[2F3-OS-5a-05]

Organized Session | Organized Session | [OS] OS-5

複雑化社会における意思決定・合意形成

のための AI技術(2)

[2F4-OS-5b]

福島 俊一（科学技術振興機構）、福田 直樹（静岡大学）、伊藤

孝行（名古屋工業大学）
3:20 PM - 5:00 PM  Room F (302B Medium meeting room)

An annotation method for a discussion

model based on the IBIS structure

〇Naoko Yamaguchi1, Tomohiro Nishida1,

Daichi Shibata1, Shota Suzuki1, Kai Yoshino1,

Kentaro Hiraishi1, Takayuki Ito1 （1. Nagoya

Institute of Technology）

 3:20 PM -  3:40 PM

[2F4-OS-5b-01]

Verification of discussions using

consensus building support system

organized by city development

〇Tomohiro Nishida1, Takanori Ito1, Kai

Yoshino1, Daichi Shibata1, Naoko Yamaguchi1,

Shota Suzuki1, Kentaro Hiraishi1, Takayuki Ito1

（1. Nagoya Institute of Technology）

 3:40 PM -  4:00 PM

[2F4-OS-5b-02]

Analysis of Discussions with Dealing

Rights to Speak Mobile Application

〇Hirofumi Masui1, Takahiro Oshima1,

Tadahiro Taniguchi1 （1. Ritsumeikan

University）

 4:00 PM -  4:20 PM

[2F4-OS-5b-03]

Filtering of Impertinent Remarks using

distributed expression

〇Kentaro Hiraishi1, Daichi Shibata1, Tomohiro

[2F4-OS-5b-04]
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Nishida1, Naoko Yamaguchi1, Shota Suzuki1,

Kai Yoshino1, Ahmed Moustafa1, Takayuki Ito1

（1. Nagoya Institute of Technology）

 4:20 PM -  4:40 PM

Issues of social acceptability of

autonomous system from the view point

of robots

〇Shinichi Fukuzumi Fukuzumi1, Osamu

Sakura2,1, Hiroshi Nakagawa1 （1. RIKEN, 2.

University of Tokyo）

 4:40 PM -  5:00 PM

[2F4-OS-5b-05]

Room G

Organized Session | Organized Session | [OS] OS-2

データ流通社会における技術基盤と異分

野連携(1)

[2G3-OS-2a]

早矢仕 晃章（東京大学）、大澤 幸生（東京大学）
1:20 PM - 2:40 PM  Room G (302A Medium meeting room)

Data Jackets Evolving and Connecting via

History of IMDJ

〇Yukio Ohsawa1, Teruaki Hayashi1 （1. The

University of Tokyo）

 1:20 PM -  1:40 PM

[2G3-OS-2a-01]

Data visualization method according to

thinking process on the data distribution

platform with blockchain

Kosuke Miyahara1, Yusuke Ejiri1, Eiji Ikeda1,

〇Hiromichi Sasaki1 （1. Fujitsu Limited）

 1:40 PM -  2:00 PM

[2G3-OS-2a-02]

Efficient Privacy-Preserving Prediction for

Three-Layer Feedforward Neural

Networks Using Ring-LWE-based

Homomorphic Encryption

〇Takehiro Tezuka1, Lihua Wang1,2, Takuya

Hayashi2, Sangwook Kim1, Tomoya Tamei1,

Toshiaki Omori1, Seiichi Ozawa1 （1. Kobe

University, 2. National Institute of Information

and Communications Technology）

 2:00 PM -  2:20 PM

[2G3-OS-2a-03]

Network Growth Process on Cross-

disciplinary Data in the Data Platform

〇Teruaki Hayashi1, Yukio Ohsawa1 （1. The

University of Tokyo）

 2:20 PM -  2:40 PM

[2G3-OS-2a-04]

Organized Session | Organized Session | [OS] OS-2

データ流通社会における技術基盤と異分

野連携(2)

[2G4-OS-2b]

早矢仕 晃章（東京大学）、大澤 幸生（東京大学）
3:20 PM - 4:40 PM  Room G (302A Medium meeting room)

Proposing the Enactment of Data

Registration

〇Makoto Koike1,2 （1. Makoto Koike

Microwave Research Institute, 2. Micro Patent

Office）

 3:20 PM -  3:40 PM

[2G4-OS-2b-01]

Design of Data Flow Process among

Multiple Organizations for PR

Measurement

〇Kunihiko Ueshima1, Taito Tosaka2, Kohei

Taniguchi3, Teruaki Hayashi4, Yukio Ohsawa4

（1. Japan Data Exchange, Inc., 2. OZMA, Inc.,

3. Kikkoman Corporation, 4. School of

Engineering, The University of Tokyo）

 3:40 PM -  4:00 PM

[2G4-OS-2b-02]

(Invited talk) Expectation for data trading

〇Aki Ando1 （1. ABeam Consulting Ltd.）

 4:00 PM -  4:20 PM

[2G4-OS-2b-03]

Panel discussion

 4:20 PM -  4:40 PM

[2G05-07-4]

Room I

Organized Session | Organized Session | [OS] OS-15

人と AIが織りなす新たなエコシステム

(1)

[2I3-OS-15a]

中川 裕志（理化学研究所）、山川 宏（ドワンゴ人工知能研究所／全

脳アーキテクチャ・イニシアティブ）、浅田 稔（大阪大学）、井上

智洋（駒沢大学）、江間 有沙（東京大学）、金井 良太（アラ

ヤ）、高橋 恒一（理化学研究所）、萩田 紀博（ATR）、堀川 優紀

子（ATR）、松原 繁夫（京都大学）
1:20 PM - 3:00 PM  Room I (306+307 Small meeting rooms)

Future Prototyping Methodology for

Knowledge Co-creation

〇MIWA NISHINAKA1, Hideaki Takeda2, Kunio

Shirahada3, Yusuke Kishita4, Hisashi Masuda5

（1. The Graduate University for Advanced

Studies, 2. National Institute of Informatics, 3.

Japan Advanced Institute of Science and

Technology, 4. The University of Tokyo, 5.

Kyoyto University）

 1:20 PM -  1:40 PM

[2I3-OS-15a-01]

Collective responsibility under AI[2I3-OS-15a-02]



©The Japanese Society for Artificial Intelligence 

 Wed. Jun 5, 2019 Organized Session  JSAI2019

network

〇shigeo KAWASHIMA1 （1. Aoyama Gakuin

Women's Junior College, RIKEN）

 1:40 PM -  2:00 PM

Analysis of the AI and Society Meeting in

Japan

〇Hitomi Sano Sano1 （1. AI and Society lab

in Keio university）

 2:00 PM -  2:20 PM

[2I3-OS-15a-03]

Gaming Space as an Online Society, and

A Consideration about Its AI

Implementation for Rapid

Transformation Tolerance

〇Shinya Umeno1, Masaya Nakamoto1,

Tetsuya Nohama1 （1. Mynet.ai Inc.）

 2:20 PM -  2:40 PM

[2I3-OS-15a-04]

Discussion / Conclusion

 2:40 PM -  3:00 PM

[2I01-04-5]

Organized Session | Organized Session | [OS] OS-15

人と AIが織りなす新たなエコシステム

(2)

[2I4-OS-15b]

中川 裕志（理化学研究所）、山川 宏（ドワンゴ人工知能研究所／全

脳アーキテクチャ・イニシアティブ）、浅田 稔（大阪大学）、井上

智洋（駒沢大学）、江間 有沙（東京大学）、金井 良太（アラ

ヤ）、高橋 恒一（理化学研究所）、萩田 紀博（ATR）、堀川 優紀

子（ATR）、松原 繁夫（京都大学）
3:20 PM - 5:00 PM  Room I (306+307 Small meeting rooms)

A Study on Formation of Social

Consensus on Personal Data Utilization

in AI Society

〇Etsuko Tane1 （1. The University of Tokyo）

 3:20 PM -  3:40 PM

[2I4-OS-15b-01]

AI as agency in agency law

〇Ryota Akasaka1 （1. National Institute of

Advanced Industrial Science And

Technology）

 3:40 PM -  4:00 PM

[2I4-OS-15b-02]

(Invited talk) Legal Issues toward the

New Ecosystem Interwoven between

Human and AIs

〇Satoshi Narihara1,2 （1. Kyushu University,

2. The RIKEN Center for Advanced

Intelligence Project）

 4:00 PM -  4:40 PM

[2I4-OS-15b-03]

Discussion / Conclusion

 4:40 PM -  5:00 PM

[2I05-07-4]

Room J

Organized Session | Organized Session | [OS] OS-19

「プロジェクション科学」の発展と応用

(1)

[2J4-OS-19a]

岡田 浩之（玉川大学）、鈴木 宏昭（青山学院大学）
3:20 PM - 5:00 PM  Room J (201B Medium meeting room)

Aim of the session

 3:20 PM -  3:40 PM

[2J11-13-1]

Towards the mechanism for projection

〇Hiroki Yokoyama1, Hiroyuki Okada1, Hiroaki

Suzuki2 （1. Tamagawa University, 2. Aoyama

Gakuin University）

 3:40 PM -  4:00 PM

[2J4-OS-19a-01]

Physics Projection

〇Naoto Iwahashi1, Hideaki Negoro1, Soichi

Kawano2 （1. Okayama Prefectural University,

2. Luke System）

 4:00 PM -  4:20 PM

[2J4-OS-19a-02]

(Invited talk) JIZAI body

〇Masahiko Inami1 （1. The University of

Tokyo）

 4:20 PM -  5:00 PM

[2J4-OS-19a-03]

Organized Session | Organized Session | [OS] OS-19

「プロジェクション科学」の発展と応用

(2)

[2J5-OS-19b]

岡田 浩之（玉川大学）、鈴木 宏昭（青山学院大学）
5:20 PM - 7:00 PM  Room J (201B Medium meeting room)

Prospects of Studies on Elastic Limb(s)

Illusion based on Muscletension-

Elastication Correalation

〇Kenri Kodaka1 （1. Graduate School of

Design and Architecture, Nagoya-city

University）

 5:20 PM -  5:40 PM

[2J5-OS-19b-01]

The effect of delayed visual feedback on

the full body illusion

〇Itsuki Ohtsuka1, Sotaro Shimada1 （1. Meiji

University）

 5:40 PM -  6:00 PM

[2J5-OS-19b-02]

Body Schema Calibration under Virtual

Reality

〇Noriki Mochizuki1, Ryo Suzuki1, Eimei

Oyama2, Sousuke Nakamura1 （1. Hosei

University, 2. National Institute Advanced

[2J5-OS-19b-03]
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Industrial Science and Technology）

 6:00 PM -  6:20 PM

The existence of a competitor increases

enthusiasm when playing video games:

〇Nobuyuki Kawai1, Ryuzaburo Nakata1,

Kenta Kubo1 （1. Nagoya University）

 6:20 PM -  6:40 PM

[2J5-OS-19b-04]

Room K

Organized Session | Organized Session | [OS] OS-16

臨床の知(1)[2K4-OS-16a]
諏訪 正樹（慶應義塾大学）、藤井 晴行（東京工業大学）、加藤

文俊（慶應義塾大学）
3:20 PM - 4:40 PM  Room K (201A Medium meeting room)

Consideration on Onigokko as a

healthcare content for children in

artificial intelligence society

〇Yuushi Hiramine1,2 （1. Onigokko

Association, 2. Onigokko Research Institute）

 3:20 PM -  3:40 PM

[2K4-OS-16a-01]

Types of Knowledge Emerging from

Photos and Language Expression of

Experience

〇Haruyuki Fujii1, Sadayo Hirata2, Ken-icih

Shinozaki3 （1. Tokyo Institute of

Technology, 2. Shibaura Institute of

Technology, 3. Nihon University）

 3:40 PM -  4:00 PM

[2K4-OS-16a-02]

Process of Comprehension of

Constructing Dry Stone Walls in Izena in

Ryukyu

〇Kenichi Shinozaki1, Sadayo Hiram2,

Haruyuki Fujii3 （1. Nihon University, 2.

Shibaura Institute of Technology, 3. Tokyo

Institute of Technology）

 4:00 PM -  4:20 PM

[2K4-OS-16a-03]

Toward the Aesthetic Appreciation of

the Haptics and Tastes

〇Hiroki Fukushima1 （1. Kyushu Women's

University）

 4:20 PM -  4:40 PM

[2K4-OS-16a-04]

Organized Session | Organized Session | [OS] OS-16

臨床の知(2)[2K5-OS-16b]
諏訪 正樹（慶應義塾大学）、藤井 晴行（東京工業大学）、加藤

文俊（慶應義塾大学）
5:20 PM - 6:40 PM  Room K (201A Medium meeting room)

Construction of Design Community by

designer and users of place for

expression

〇maiko kobayakawa2,3, takeshi sunaga1,

sunao maruyama1, tomoki hirano2, kosuke

yamada4, kakuichi nishimura3, kentaro

watanabe3, sachiko fujimitsu5 （1. Tokyo

University of the arts, 2. Tokyo University of

the Arts Graduate School, 3. National

Institute of Advanced Industrial Science and

Technology, 4. Keio University, 5. Saga

University Hospital ）

 5:20 PM -  5:40 PM

[2K5-OS-16b-01]

On learning through metaphorical

imaginations

〇Fumitoshi Kato1 （1. Keio University）

 5:40 PM -  6:00 PM

[2K5-OS-16b-02]

Segmental response of the human body

to changes in the interrelationship with

the environment

〇KAZUYA TANAKA1, Tomoaki Atomi2,

Wataru Takano3, Soichiro Fujiki4, Katsuya

Hasegawa5, Miho Shimizu6, Yoriko Atomi6

（1. Teikyo University of science, 2. Kyorin

University, 3. Osaka University, 4. Dokkyo

Medical University, 5. Japan Aerospace

Exploration Agency, 6. Tokyo University of

Agriculture and Technology）

 6:00 PM -  6:20 PM

[2K5-OS-16b-03]

Savage Experiment

〇Takahito Horiuchi1, Masaki Suwa2 （1.

Graduate School of Media and Governance,

Keio University, 2. Faculty of Environment

and Information Studies, Keio University）

 6:20 PM -  6:40 PM

[2K5-OS-16b-04]
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計算社会科学(1)
鳥海 不二夫（東京大学）、笹原 和俊（名古屋大学）、吉田 光男（豊橋技術科学大学）、瀧川 裕貴（東北大
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Proposal of the Method to Construct Landscape Map for Massive
Information Propagation on Social Media 
〇Takeshi Sakaki1,2, Fujio Toriumi2, Masanao Ochi2 （1. Hottolink, Inc., 2. Univ. of

Tokyo） 

 3:20 PM -  3:40 PM   

The emergence and evolution of communication systems in
dilemma games with messaging 
〇Naoki Inoue1, Junya Morita1 （1. Shizuoka University） 

 3:40 PM -  4:00 PM   

Analysis of viewers’ comments on Internet TV news 
〇Tomosato Nishi1, Yuki Ogawa1, Hiromitsu Hattori1, Fumiaki Taka2, Masanori Takano3,

Soichiro Morishita3 （1. Ritsumeikan University, 2. Kanagawa University, 3. CyberAgent,

Inc.） 

 4:00 PM -  4:20 PM   

(Invited talk) Can business cards network approach unresolved
problems in social science? 
〇Naoki Maejima1, Tomonori Manabe1 （1. Sansan, Inc.） 

 4:20 PM -  5:00 PM   



ソーシャルメディア上の大規模情報拡散に関する俯瞰的可視化手法
の提案

Proposal of the Method to Construct Landscape Map for Massive Information Propagation on
Social Media

榊 剛史 ∗1,∗2
Takeshi Sakaki

鳥海 不二夫 ∗2
Fujio Toriumi

大知 正直 ∗2
Masanao Ochi

∗1株式会社ホットリンク
Hottolink, Inc.

∗2東京大学
The University of Tokyo

In recent years, a lot of people pay attention to negative aspects of information publishing by individuals, such
as fake news, flames and echo-chamber phenomena. However, information propagation on social media has become
a large-scale and complicated phenomenon, and it is difficult for human beings to intuitively understand the whole
picture.

Therefore, we propose a method to visualize information propagation on social media in an intuitively under-
standable form in this paper. Specifically, in the proposed method a clustering method is applied recursively to a
social network on Twitter and a hierarchical structure of user communities is constructed. We use the hierarchical
structure to visualize information propagation. By using a hierarchical structure, we transform complex phenomena
into simpler structures, thereby encouraging human intuitive understanding. We applied the proposed method to
the actual case of large information propagation on Twitter and confirmed that reasonable visualization result can
be obtained.

1. はじめに
ソーシャルメディアによる情報拡散が実社会に大きな影響を

与えるようになった現在，その正の側面・負の側面の双方が顕
在化している．特に近年は，炎上やデマ，フェイクニュース負
の側面が注目されている．
それに伴い，ソーシャルメディア上での情報拡散を分析し，

炎上やフェイクニュースを検知したり，そのメカニズムを明ら
かにしようとする研究が数多く行われている．それらのうちの
代表的なアプローチは２つに分類できると考えられる．

1つ目はエージェントシミュレーションにより情報拡散の基
礎的なメカニズムを明らかにしようとするアプローチである．
2つ目は，実際のデータを元に情報拡散に関わるユーザの特徴
を明らかにしたり，炎上やデマなどの現象を検知しようとする
アプローチである．これらのアプローチは情報拡散現象に共
通する抽象的な知見を得る意味では有用なアプローチである．
しかし，個々の情報拡散の実際の事例について，どのように拡
散したかを全体を俯瞰するためには適していない，近代科学に
おいて，ある現象を扱うための基礎的なアプローチは「データ
に基づいて客観的に観測すること」である．しかし，大規模・
複雑化したソーシャルネットワーク上での情報拡散を適切に観
測するアプローチは確立していない．
本研究では，Twiiter上の情報拡散を人間が直観的に理解可

能な形で可視化する手法を提案する．ソーシャルメディア上で
の情報拡散を観測可能にすることで，情報拡散を俯瞰的に理解
し，分析や対策を容易に行えるようにすることが提案手法の目
的である，
本研究では，図 1のように Twitter上の社会ネットワーク

を階層構造化することで，大規模かつ複雑なソーシャルメディ
ア上の情報拡散をより単純に可視化することを目指す．具体的
には，まず Twitter 上の情報拡散行動からユーザ同士の情報
拡散ネットワークを構築する．構築したネットワークに，社会
ネットワーク分析のクラスタリング手法である Louvain法を

連絡先: 榊 剛史，株式会社ホットリンク, 東京都千代田区富士
見１－３－１１ デュープレックスビズ５Ｆ

再帰的に適用することで Twitter 上のコミュニティ構造を階
層化する．各コミュニティに自然言語処理の特徴語算出手法で
ある tf-idfによるラベリングを行う．さらにCircle－ Packing

という可視化手法を適用することで，直観的に理解可能なソー
シャルメディア上の情報拡散の俯瞰図を作成する．本論文で
は，いくつの情報拡散事例を提案手法により可視化し，妥当な
結果が得られていることを定性的に検証する．今後は提案手法
による俯瞰図について定量的に妥当性を評価することを目指し
ていきたい．

図 1: ソーシャルメディア上の社会ネットワークの階層構造化

2. 関連研究
SNS上での情報拡散とは，実際には社会ネットワーク上で

の事象であるため，社会ネットワークの可視化手法が適用でき
ると考えられる．社会ネットワークの代表的な可視化手法とし
ては，クラスタリングを用いた可視化手法があげられる．柴
田らの研究なので論文の引用ネットワークにGirvan-Newman

法を適用し，そこから得られるコミュニティ構造を用いて論文
ネットワークを可視化している [Shibata 08]．
しかし，Twitter上での大規模な情報拡散においては下記の

ような理由から，既存手法を利用することが難しい．

1. 既存研究では，ノード数ががたかだか数万のネットワー
クを扱っていたため，全ノードを点として表示しても，人
間が理解可能な画像サイズに収めることができる．一方，
SNS上での情報拡散に関わるユーザ（ノード）の数は数
十万～数百万規模であり，全ノードを点として表示する
ことが難しい．

2. 論文ネットワークの可視化の場合，ジャンル毎に論文の
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部分集合を抽出した上で可視化を行うため，可視化を行
う度に結果が異なってしまう．そのため，論文の部分集
合毎に比較することが難しい．一方，SNS上での情報拡
散の場合，各情報拡散の事例同士を比較することが難し
い．そのため，比較可能な形で可視化することが求めら
れる．

SNS上の大規模拡散の可視化が，1.ノード数が大規模であ
る，2. 個別の拡散事例を比較する必要がある，という特徴を
持つことから，既存手法の適用が困難である，
本研究では，これらの問題点を解消するための新たな可視

化手法を提案する．

3. 提案手法
本研究では，Twitter上の大規模な情報拡散を直観的に理解

可能な形で可視化する手法を提案する．
前説において．SNS上の大規模拡散の可視化には，1.ノー

ド数の大規模性，2. 個別の拡散事例を比較する必要性，とい
う 2 つの問題点があることを述べた．これらの問題点を解決
する手段について述べる．

1. については，階層構造を取り入れるで解決することを目
指す．複雑系科学においては，「複雑なシステムは一般に階層を
もった構造を持つ」とされている [ハーバート・A. 99]．本稿
では，この発想を取り入れ，複雑な構造を階層構造により表現
することで，直観的に理解可能な形で可視化することを目指す

2.については，Twitter上の定常的な社会ネットワーク構造
を用いることで解決することを目指す．Twitter全体の定常的
なユーザ同士のインタラクション情報から社会ネットワーク
を構築した後，Twitter全体を俯瞰できるような俯瞰図の作成
を行う．俯瞰図上で，様々な情報拡散の事例を可視化すること
で，個別の情報拡散の事例を比較することを目指す，ただし，
Twitter全体を対象とすることが困難であるため，本研究では
日本語 Twitterユーザを対象とする．
実際に構築した日本語 Twitter ユーザ全体の俯瞰図は図 2

である．以下では，図 2を Twitter俯瞰図と呼ぶこととする．
以下，本節では，Twitter俯瞰図の見方および構築手順につ

いて説明する．

3.1 Twitter俯瞰図の見方
Twitter俯瞰図の見方について説明する．
Twitter俯瞰図とは，図 1のように階層構造化されたTwitter

ユーザネットワークのコミュニティ分布を可視化したものであ
る．階層ごとに 1枚の俯瞰図が作成される．図 2(a)は第 1階
層の俯瞰図であり，図 2(b)　は第 5階層の俯瞰図である．用
いるネットワークは個別の情報拡散事例のデータから構築され
たものではなく，ある一定期間の全ユーザ（後述するが，本稿
では日本語Twitterユーザ）の定常的な情報拡散データから構
築されたものである．つまり，Twitter俯瞰図は，その期間に
おける定常的なユーザの情報拡散関係を表すデータと言える．
図 2(a) は，第 1 階層を表した俯瞰図である．図 2(a) 中の

円が一つのコミュニティを表す．また円のサイズは，コミュニ
ティに含まれるユーザ数により相対的に決定される．コミュニ
ティに属するユーザ数が多いほどサイズが大きくなる．また丸
ごとにラベルが付与されている．コミュニティ内のユーザプロ
フィール文から抽出した特徴語が用いられている（ただし，第
1階層は得られた特徴語をの内容から，人手で再ラベリングを
行った）．図 2ではラベルの文字が読めないが，実際はブラウ
ザで俯瞰図で表示し，マウスオーバーしたコミュニティのラベ

ル名をポップアップで表示する仕様である．円の位置関係は適
切に可視化できるように自動的にに決定されたものである．そ
のため，円同士の近さや隣接性とコミュニティ同士の関係性に
はなにも相関性はない．つまり，Twitter俯瞰図は，Twtiter

ユーザの定常的な情報拡散に基づくコミュニティ分布のうち，
規模と特徴ラベルを可視化したものである，１つ下の層では，
個別の円，つまり個別コミュニティの中のコミュニティ分布が
再帰的に表現されている．

Twitter俯瞰図に対し，個別の事例を用いて各円の塗色を決
定する．各円の塗色は,対応するコミュニティに属するユーザ
のうち，個別の拡散事例に関わったユーザの数で相対的に決
定される，つまり，色が濃ければ濃いほど，関わったユーザが
多いことがわかる．つまり，これが特定の円のみが濃い色で塗
られていれば，ある情報拡散に関わったユーザ群はそのコミュ
ニティに偏っていることが分かる．逆に，複数の円が薄い色で
塗られていれば，そのユーザ群は複数のコミュニティに広く広
がっていることとなる

Twitter俯瞰図が階層化されているメリットは，全体的な俯
瞰とより細部の俯瞰が両方実現できることである．全体を俯瞰
したければ，第 1 階層の俯瞰図を見ればよい．より細部を見
たければ第 2階層，第 3階層と下の層の俯瞰図を見ればよい．
次に具体的事例に基づいて Twitter 俯瞰図の見方を説明す

る．図 3では，著者本人（tksakaki）のフォロワーリストに基
づいて，Twitter俯瞰図に色を塗っている．
まず，第 1階層について図 3と図 2(a)を比較すると，「ミド

ルエイジ」のクラスタに多くのフォロワーがおり，逆にそれ以
外のクラスタには殆どフォロワーがいないことがわかった，つ
まり，自分は日本語 Twitter ユーザ上では、非常に偏った領
域のユーザにフォローされていることがわかる．次に第 5 階
について，図 3と図 2(b)を比較すると，第 5階層では，１つ
のコミュニティの色が濃くなっている．これは「研究科の一
覧,21世紀 COEプログラム・プログラム一覧,日本学術振興会
賞」というラベルを持ったコミュニティである．つまり，自分
は「ミドルエイジ」「のクラスタの中でも，研究者関連の語を
プロフィールに持つユーザに多くフォローされていることが分
かる．これより，自分は Twitterの中でも研究者コミュニティ
に属していると判断することができる．
このように Twitter 俯瞰図を用いて個別の情報拡散事例に

関わったユーザのコミュニティ分布を階層的に可視化すること
で，情報拡散の多様性と規模を直観的に理解できると考えら
れる．

3.2 俯瞰図構築の手順
ここでは，Twitter俯瞰図の構築手順について説明する．大

まかな手順は以下の通りである．

1. 一定期間の Twitterユーザ同士のインタラクション情報
から，Twitterユーザ間のネットワークを構築する

2. 構築したネットワークに対して，クラスタリング手法を
適用し，ユーザをコミュニティに分割する

3. 得られたコミュニティについてラベルを付与する

4. コミュニティ規模が大きい場合，再帰的に 2，3を適用す
る（再帰的なクラスタリングのことを以下、サブクラス
タリングと呼ぶ）

5. 得られた階層的なコミュニティ構造について,階層構造に
適した可視化手法を適用する

以下，各ステップについて詳細に述べる．
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(a) 深さ 5 の Twitter 俯瞰図 (b) 深さ 1 の Twitter 俯瞰図

図 2: Twitter俯瞰図

図 3: tksakakiのフォロワー群による俯瞰図

3.2.1 ネットワーク構築
Twitterユーザの同士のインタラクションからネットワーク

を構築する，Twitterユーザネットワークを構築するために手
掛かりとして用いられるインタラクションはいくつかあるが，
本稿では，リツイート情報を用いる，リツイートとは，1 ク
リックで，他のユーザの投稿をコピーし，元投稿のユーザを明
示した上で，自身に向けてリンクを張っているユーザに対して
再発信できる機能である．その手軽さ故に多くのユーザが使っ
ている機能であり，またデータ収集も容易であることから，リ
ツイート情報を用いることとした．
3.2.2 クラスタリング
本稿では，社会ネットワークのクラスタリングに用いられ

るModularity-Optimizationの手法を採用する，Modularity

　 Qとはクラスタの結合度合いを表す指標であり，式 1で表
される，これが高ければ高いほどネットワーク全体のよくクラ
スタリングされていると考えられる．本稿では，既存研究で使
われていた Louvain法を用いる [Blondel 08]．式 1において，
ei,j は「コミュニティi,j に属するノード同士が繋がるリンク数
の全リンク数に占める割合」，a2

i は ei,i の期待値を表す．

Q =
∑

i

(
ei,i − a2

i

)
(1)

クラスタリングにより得られるクラスタをコミュニティとし
て抽出する．
3.2.3 コミュニティへのラベル付与
本稿では，各コミュニティに関連するドキュメント集合をコ

ミュニティ文書と見なし，各コミュニティ文書に特徴的な語を
抽出し，それによりクラスタをラベリングする．
最初に各コミュニティに含まれる全ユーザのプロフィール文

を結合して，コミュニティ文書とした，
次に同じ階層にいる全コミュニティのコミュニティ文書を全

文書集合として，tf-idf法を適用することで，各コミュニティ
文書に特徴的なキーワードを抽出し，コミュニティのラベルと
して用いた．tf-idf法とは，自然言語処理でよく使われる特徴
語抽出手法であり，全文書集合に対して，個別の文書に特徴的
な語を抽出する機能である．
ただし，第 1階層・第 2階層のコミュニティはサイズが大き

いものが多く，説明力が高い特徴語を付与することが難し買っ
たため，得られた他特徴語から人手で再度ラベルを付与した．
3.2.4 サブクラスタリング
本稿では，サブクラスタリングについて説明する．2. にお

いて RTネットワークからクラスタを抽出したが，可視化の観
点からは，得られたコミュニティはサイズが大きく，これだけ
では不適であった．
そこで，1回目のクラスタリングで得られたコミュニティの

うち，サイズが閾値 thclsize を超えるものについては、再度ク
ラスタリングを行う，そうして 2 回目のクラスタリングで得
られたクラスタのうち，サイズが閾値 thclsize を超えるものに
ついては再度クラスタリング行う，という手順で，再帰的にク
ラスタリングを適用する．
これにより一定規模以下のコミュニティが大量に得られる

こととなる．本稿では最初のクラスタリング結果を第 1階層，
それ以降の深さ n のクラスタリング結果を第 n 階層と呼ぶ
こととする．ただし，深さは最大 thdepth になるようにし,そ
れ以上はクラスタリングを適用しないこととした．本校では，
thdepth = 5，thclsize = 1000とした．
3.2.5 可視化
本稿では，階層構造の可視化手法の筆頭である Circle Pack-

ingを用いることとした．具体的には，階層構造を可視化する
ためのパッケージである．ここでは D3.js に準備されている
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(a) 1 月 3 日 (b) 1 月 4 日 (c) 1 月 5 日 (d) 1 月 6 日 (e) 1 月 7 日 (f) 1 月 8 日以降

図 4: ZOZOTOWN事例における俯瞰図の変化

(a) マクドナルド (b) 御嶽山 (c) オリンピック

図 5: 大規模バーストにおける俯瞰図

Circle Packingのモジュールを用いて可視化を行った ∗1．

4. 事例紹介
今回は，我々の既存研究で用いたバースト現象のデータに加

え，直近のバースト現象のデータを用いて，可視化を行う．
本稿では下記のようなデータを用いて，Twitterユーザネッ

トワークの構築・コミュニティの抽出およびふ Twitter俯瞰図
作成を行った．

投稿期間 2017年 5月 1日～7月 31日

利用データ 日本語 10%サンプリング

抽出投稿 公式 RTすべて

4.1 利用データ
我々の既存研究では，トピックエントロピーという値を用い

て話題の多様性を評価している [鳥海 17]．本稿ではこれらの
データのうち，多様性が高いと評価された事例としてマクド
ナルドの異物混入事件（以下，マクドナルド事例）と御嶽山
噴火前後のバースト（事例「以下，御嶽山事例），多様性が低
いと評価された事例としてオリンピックエンブレム盗作騒動
（以下，オリンピックエンブレム事例）の 3つの事例を用いる．
また直近のデータとして，ZOOTOWN 前澤社長の 1 億円プ
レゼントの事例（以下，ZOZOTOWN事例）を用いる．特に
ZOZOTOWN事例では，キャンペーン前後の俯瞰図の時間変
化を確認する．表 1にデータセットの概要を示す．

表 1: データセットの概要
事例 件数 期間

マクドナルド 959,792 2014.12-2015.01

御嶽山 1,097,091 2014.09-2014.10

オリンピック 3,161,798 2015.07-2015.09

ZOZOTOWN 6,971,571 2019.01-2019.01

4.2 事例分析
図 5に過去論文のデータを可視化した結果を示す．過去論文

で多様性が高いと評価されたマクドナルド事例，御嶽山事例に
おいては，確かに Twitter 俯瞰図上の幅広いユーザが反応し
∗1 https://beta.observablehq.com/@mbostock/d3-circle-

packing

ていることがわかる．特に 1層目に注目しても，「中学生・高
校生・大学生」「ミドルエイジ」「「オタク（総合）「オタク（創
作系）などである．一方，オリンピック事例においては，反応
したユーザがミドルエイジに偏っている．第 2 階層以降に注
目すると，ミドルエイジ（政治・社会・経済：左翼系）」など
政治に強い興味を持つコミュニティに特に偏って拡散している
ことが分かる．
図 4に ZOZOTOWN事例の俯瞰図の時系列変化を示す，お

年玉キャンペーンが行われる前の 1月 3日，4日においては，
「ミドルエイジ」のユーザが多く反応しているのがわかる，しか
し，5日にキャンペーンが始めると，一気に反応しているユー
ザが広がるのが分かる．5日と 7日を比較すると，キャンペー
ン開始時よりも終了時の方がさらに情報がより広く拡散してい
ることが分かる．また，8日以降も ZOZOTOWNが幅広く話
題になっていることがわかる，このように ZOZOTOWNの事
例では，キャンペーン当初から幅広いユーザが ZOZOTWON

についてつぶやいており，またキャンペーン後にもその影響が
残っていることが分かる．

5. おわりに
本研究では，SNS上での大規模な情報拡散を直観的に理解

するために，コミュニティ抽出と特徴語抽出の手法を組み合わ
せることで，Twitter全体を俯瞰する俯瞰図を構築する手法を
提案した．ただし，本論文では事例を通じた定性的な妥当性評
価しか行っておらず，その評価も十分ではない．今後この手法
について，定量的な評価を行い，手法の妥当性を検証してい
きたい，また既存研究で提案しているトピックエントロピやト
ピッククラスタリングの手法を組み合わせることで，より直観
的にわかりやすい可視化を目指していきたい．
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The emergence and evolution of communication systems in dilemma games with messaging

∗1
Naoki Inoue

∗1
Junya Morita

∗1
Faculty of Informatics, Shizuoka University

This research focuses on the emergence and evolution of human communication system, following Machiavellian
intelligence hypothesis, which claims social intelligence resulted from the successful exploitation of rivals for per-
sonal benefits. Based on the framework of experimental semiotics, we design a dilemma game with messaging as a
means to explore what kind of communication system is emerged and how it evolves in the laboratory experiment.
In this game, graphical symbols are generated through interaction between pairs of players, and a dilemma of
sharing and monopoly of rewards occurs. We consider that such a situation produces concealment of the betrayal
intention utilizing the ambiguity of the symbols. The emergence and evolution of the novel communication sys-
tem was examined with a small laboratory experiment. Our data suggested that this game causes ambiguity of
communication protocol like polysemy.
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Analysis of viewers’ comments on Internet TV news

∗1
Tomosato Nishi

∗1
Yuki Ogawa
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Hiromitsu Hattori
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Masanori Takano

∗3
Soichiro Morishita
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College of Information Science and Engineering, Ritsumeikan University

∗2
Kanagawa University

∗3
CyberAgent, Inc.

In recent years, the global spread of the Internet has altered the influence of media on the formation of people
s knowledge and concern. Therefore, clarifying the effect of new media is critical.

This study aims at clarifying the relevance between viewers’ comments and news coverage contents on Internet
TV. Specifically, we analyzed the words of viewers comments using TF-IDF and multivariate analysis. The results
indicated that critical and hateful remarks were being posted on high-entertainment soft news.
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Analysis of personal attribute relationships based on online research and 
social data 

Du Baofa1   Kazutoshi Sasahara1,2 

 1 Graduate School of Informatics Nagoya University 2 JST PRESTO 

Although social data can be an important source of information for studying personal attributes, it remains unclear which 
kinds of attributes can be inferred from social data and meaningfully used in the social sciences. In response, we analyzed the 
relationships between a variety of attributes, including political alignment, morality, food identity, and brand preferences, 
based on social data (i.e., Twitter text) and online survey data. Our results revealed a relationship between political alignment 
(liberal and conservative) and morality, food identity, and brand preferences. In addition, liberal people were more likely to 
belong to the food left-wing category. As for brand preferences, the conservative people showed a higher preference for 
Japanese companies than liberal people.    

1. Introduction  
Although inferring personal attributes from social data is 
important in research in the social sciences as well as application 
in social media, complex relationships in person attributes 
remain unstudied. In our research, we analyzed social data—
namely, the tweets of Twitter users—in relation to their personal 
attributes, as identified by an online survey. In particular, we 
investigated the relationships between each user’s political 
alignment, morality, food identity, and brand preferences (Fig. 1).  

Figure 1.  Diagram 
 

The framework for our research draws from two important 
concepts. The first, Moral Foundations Theory developed by 
Jonathan Haidt [1], holds that every person innately has five 
moral foundations that allow him or her to intuitively judge 
moral situations. They are: 

 Harm (i.e., disliking the pain of others and feeling 
responsible for protecting vulnerable people); 

 Fairness (i.e., taking the right or just action based on 
accepted rules); 

 Ingroup loyalty (i.e., being loyal to social ingroups, 
including family and nation); 

 Authority (i.e., respecting and obeying tradition and 
legitimating authority);  

 Purity (i.e., feeling antipathy for disgusting things and 
contamination).  

We measured those five moral foundations in Japanese-
language texts with reference to the Japanese Moral Foundations 
Dictionary (J-MFD) [2]. 

The second concept is food identity, which at base proposes 
two types of people. Whereas proponents of the so-called “food 
left-wing” typically advocate natural foods and health 
consciousness (e.g., vegetarians and vegans), proponents of the 
so-called “food right-wing” generally consume any available 
food products and enjoy eating fast food. Sasahara (2018) has 
shown that food identity can serve as an appropriate proxy for 
personal attributes and can offer insights into potential buying 
patterns [3]. 

Mobilizing those two concepts, we examined the relationship 
between the self-reported political alignment and food identity, 
brand preferences, and morality. 

2. Method 

2.1 Data 

Figure 2.  of users with different political 
alignment on an 11-point scale (0: very liberal, 10: very 
conservative) 

 
First, we gathered the responses of a sample of 703 

participants from online users to a questionnaire addressing 
political alignment, food preferences, and brand preferences in 
statements that participants rated on an 11-point scale (0 = very 
liberal, 10 = very conservative). Participants also indicated their 

political alignment on the same scale (Fig. 2). We placed ones 
whose scores ranged from 0 to 2 in the liberal group and ones 
whose scores ranged from 8 to 10 in the conservative group. As 
we were only focusing on people from these two groups, we 
excluded the ones whose scores ranged from 3 to 7. 

Contact: Du Baofa, Graduate School of Informatics, Nagoya 
University, du.baofa@h.mbox.nagoya-u.ac.jp 
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Second, upon receiving permission from the participants, we 
also collected Twitter data representing each user by using 
Twitter’s API. After gathering all posts (i.e., tweets, retweets, 
and replies) from 650 active Twitter accounts with more than 
2,000 posts, we quantified the tweets in terms of moral 
foundations based on the J-MFD.  

2.2 Data Analysis  
We analyzed the relationships among political alignment, food 

identity, and brand preferences as indicated in the questionnaire 
data for each group of participants (i.e., the liberal group and the 
conservative group). Our calculations prioritized the value of 
political alignment in identifying links among other attributes. 

For morality analysis, we used MeCab to separate Japanese-
language texts into words and extracted the moral loadings from 
each participant’s tweets with reference to the J-MFD. The moral 
loading was the percentage of words in the J-MFD also used in 
tweets. Based on the moral loading, we pinpointed aspects of 
morality in relation to political alignment. 

 

3. Results 
Figure 3 shows the relationship between political alignment 

and food preferences, the latter of which we divided into three 
types: fast food (i.e. food right-wing), healthy food (i.e., food left 
wing), and basic food (i.e., base ingredients). Our results reveal a 
relationship between political alignment and food preferences; 
liberal people prefer healthy foods more than conservative ones, 
whereas conservative people prefer fast food more than liberal 
ones. The groups did not indicate a significant difference in 
preferences for basic food.  

 Figure 3. Food liking percentage 
 

We also analyzed the difference in preferences for specific 
brands between the two groups. Companies from Japan such as 
Nissan and Toyota were more preferred in the conservative 
group, whereas the majority of participants who preferred 
popular brands such as IKEA and Facebook were in the liberal 
group (Fig. 4). 
 
 

 

Figure 4. Brand liking percentage 
 

To measure moral loadings, we separated tweet texts into 
words and computed the frequencies of words related to “virtue” 
and “vice” as defined in the J-MFD. Figure 5 shows that 
participants in the liberal group had higher virtue loadings than 
ones in the conservative group in most of the foundations except 
purity. Furthermore, the frequencies of virtue words related to 
ingroup and authority were greater than any of the other moral 
foundations. By contrast, vice-related words indicated harm more 
than any other moral foundation (Fig. 6), with fairness, with the 
minimum proportion, as a remote second. By political alignment, 
participants in the liberal group had higher vice-relate moral 
loadings for all of the five moral foundations, especially for harm 
and fairness. 

 

Figure 5.Virtue loadings by moral foundation 
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Figure 6. Vice loadings by moral foundations 
 
Last, we visualized word frequency using word cloud (Fig. 7).  

For ingroup, “ ,” ” ,” ” ,” and “ ” often appeared in 
the tweets of participants in the liberal group, while, for harm, 
“ ,” “ ,” “ ,” and “ ” appeared frequently for 
them as well. In such tweets, participants in the liberal group 
often demonstrated their morality via ingroup loyalty (i.e., virtue), 
authority (i.e., virtue), and harm (i.e., vice).  

 
Figure 7. Morality word cloud (red: ingroup virtue, green: harm 
vice, blue: other foundations) 

 

4. Discussion 
In our examination of relationships among the personal 

attributes of political alignment, food identity, and brand 
preferences, preference for fast food was more popular than one 
for healthy food. Participants in the liberal group were more 
likely to belong to the food left-wing, whereas participants did 
not differ in terms of their preference for basic food. Meanwhile, 
regarding brand preferences, participants in the conservative 
group more than ones in the liberal group preferred Japanese 
companies (e.g., Toyota). Combining food preferences and brand 
preferences, participants in the conservative group who were 
more likely to prefer fast food were also likely to prefer fast-food 
brands.  

In sum, liberal people and conservative people showed starkly 
different food and brand preferences. Accordingly, our results 
indicate a relationship among political alignment, food identity, 
and brand preference. As for personal attributes related to 

morality, liberal people express their feelings more actively than 
conservative ones, as well as demonstrated higher morality 
loadings. Words related to politics closely also show a high 
frequency of occurrence. 
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Retrieving and analyzing interpersonal relationship from large-scale mobility data.

∗1
Kimitaka Asatani

∗2
Fujio Toriumi Masanao Ochi

Junichiro Mori Ichiro Sakata

This paper is extended abstract of our recently published paper[Asatani 18]. Interpersonal relationship affects our
daily activity. In this paper, we consider the link between them by analyzing large-scale mobility data. In the past
studies of human mobility, owing to the difficulty of associating mobility data with interpersonal relationship data,
previous studies on the link between interpersonal relationships and mobility are limited to the specific activities
of particular users. In this paper, we propose a method for detecting interpersonal relationships from mobility
data, while distinguishing these relationships from those of familiar strangers such as commuters. In the method,
persons who take diverse variations within the same activities are recognized as a pair. From IC card data covering
the daily mobility of six million people over three years, we detected millions of frequently co-located pairs. Under
certain conditions, most of the detected pairs are confirmed as not being familiar strangers, but rather to have an
interpersonal relationship. Next, we analyzed the detected pairs and found that the density of the relationships
between groups was divided by gender and age and was found to be asymmetric by gender. For example, an elderly
male person is not likely to take trips as a pair with a same-gender elderly person, and this result is data-based
evidence for the isolation of retired men. In addition, group trips are confirmed to have an extraordinal character
and sometimes converge spatiotemporally. These findings indicate that interpersonal relationship is a strong factor
to determine their mobility and group observation is potentially useful for event detection.
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Proposal of a method to estimate insurance claims caused by heavy rain 

  *1  *1 
 Takeshi Okazaki Oriol Gaspa Rebull 

*1  
Aon Benfield Japan Ltd. 

In order to facilitate flood and landslide damage assessment, we propose an evaluation method that can predict the total 
number of damaged houses with high accuracy immediately after a disaster. To improve accuracy, we narrowed the exposure
down by using low-lying and landslide high-risk areas and apply the precipitation of 15-year return period as a threshold to 
the original precipitation to take account of disaster preparedness by each local government. When applied to two heavy rain
events occurred in 2017 and 2018 and validated the method, we confirmed that it can be well reproduced in any prefecture. 
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Expressing Modern/Oldfashioned Racism depending on News Contents of Internet Television

∗1,∗2

Masanori Takano

∗3

Fumiaki Taka

∗1

Soichiro Morishita

∗4

Tomosato Nishi

∗4

Yuki Ogawa

∗1

CyberAgent, Inc.

∗2

The University of Tokyo

∗3

Kanagawa University

∗4

College of Information Science and Engineering, Ritsumeikan University

We analyzed comments to news programs on Internet television to explore relationships between news contents
and modern/oldfashioned racism on expressing prejudice against Zainichi Koreans in Japan. We found that users
tended to express both prejudices; nevertheless, it depended on news programs whether users expressed modern or
oldfashioned racism.
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Analysis of Net Slang Expressing laugh at Comments on Nico Nico Douga 

 *1 *2 
 Shiori Aoyagi Yasuo Kawai 

*1  

Graduate School of Information and Communications, Bunkyo University 
 

Abstract: Internet communication is developed day by day in the information society. Among these communications, the 
Internet's own slang called "net slang" is often used. In this research, we focused on net slang expressing laugh in net slang 
and aimed to clarify whether their meaning usage is the same. By comparing net slang, we found that the type of laugh and 
the subject of laugh tend to be different in each slang. 
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A Multi-class Classification based on the Original Form of Kaomoji using Neural Network

∗1
Noriyuki OKUMURA

∗2
Rei OKUMURA

∗1
Otemae University, Faculty of Modern Social Studies

∗2
National Institute of Technology, Akashi College, Advanced Cource, Mechanical and Electronic System Engineering

In this paper, we propose a multi-class classification method for Kaomoji using feed forward neural network.
Neural network has some units in each layer, but the suitable number of units is not clear. This research investigated
the relation between the number of units and the accuracy of multi-class classification method.
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Study on Potential of Automatic Emoticon Generation Based on Emoticon Parts

∗1
Tomoaki Sakai

∗1
Michal Ptaszynski

∗1
Fumito Masui

Department of Computer Science, Kitami Institute of Technology

In this paper, we present our preliminary study in research on generating emoticons completely automatically
for a context specified by emotions expressed in a sentence. To verify whether it is even feasible to generate
comprehensible emoticons fully automatically, we firstly generate a number of emotion-specific emoticons according
to a specified algorithm and then perform a survey in which we ask users about the affective impressions of the
artificially generated emoticons. The survey revealed similarities between what were the emotions perceived in
those emoticons by human participants and their main emotion score assigned automatically according to the
emoticon parts that were used in the generation of those emoticons. This suggests it should be possible to generate
comprehensible emoticons fully automatically in the future.
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Convolutional Neural Network for Chinese Sentiment Analysis

Considering Chinese Slang Lexicon and Emoticons

Da Li∗1 Rafal Rzepka∗1 Michal Ptaszynski∗2 Kenji Araki∗1

∗1 Graduate School of Information Science and Technology, Hokkaido University
∗2 Department of Computer Science, Kitami Institute of Technology

Nowadays, social media have become the essential part of our lives. Internet slang is an informal language used
in everyday online communication which quickly becomes adopted or discarded by new generations. Similarly,
pictograms (emoticons/emojis) have been widely used in social media as a mean for graphical expression of emo-
tions. People can convey delicate nuances through textual information when supported with emoticons, and the
effectiveness of computer-mediated communication is also improved. Therefore, it is important to fully understand
the influence of Internet slang and emoticons on social media. In this paper, we propose a convolutional neural
network model considering Internet slang and emoticons for sentiment analysis of Weibo which is the most popular
Chinese social media platform. Our experimental results show that the proposed method can significantly improve
the performance for predicting sentiment polarity.

1. Introduction
Today, many people share their lives with their friends by post-

ing status updates on Facebook, sharing their holiday photos on In-

stagram or tweeting their views via Twitter or Weibo - the biggest

Chinese social media network that was launched in 2009. Social

media data contain a vast amount of valuable sentiment informa-

tion not only for the commercial use, but also for psychology, cog-

nitive linguistics or political science [Li 18a].

Sentiment analysis of microblogs became an important area of

research in the field of Natural Language Processing. Study of

sentiment in microblogs in English language has undergone major

developments in recent years [Peng 17]. Chinese sentiment anal-

ysis research, on the other hand, is still at early stage [Wang 13]

especially in the domains of lexicons and emoticons.

Pictograms (emoticons/emojis) have been widely used in social

media as a mean for graphical expression of emotions. For exam-

ple, “face with tears of joy”, an emoji that means that some-

body is in an extremely good mood, was regarded as the 2015

word of the year by The Oxford Dictionary [Moschini 16]. In our

opinion ignoring emoticons in sentiment research is unjustifiable,

because they convey a significant emotional information and play

an important role in expressing emotions and opinions in social

media [Novak 15, Guibon 16].

Internet slang is ubiquitous on the Internet. The emergence

of new social contexts like micro-blogs, discussion groups or so-

cial networks has enabled slang and non-standard expressions to

abound on the Web. Despite this, slang has been traditionally

viewed as a form of non-standard language, a form of language

that is not the focus of linguistic analysis and has largely been ne-

glected [Kulkarni 17].

Furthermore, we also noticed that when people use new words

and pictograms, they tend to express a kind of humorous emo-

tion which is difficult to be easily classified as positive or negative.

It seems that some emoticons are used just for fun, self-mockery

or jocosity which expresses an implicit humor which might be

characteristic to Chinese culture. Figure 1 shows an example of

a Weibo microblog posted with emoticons and Internet slang. In

the third line of the post, (ning meng ren) is a new word ap-

peared in early 2019 on Chinese social media which means “lemon

man”. Accordingly, to meet this new popular phrase, was

added to the pictogram repoitoare by social media companies in

January 2019. This lemon with a sad face also called “lemon man”

which expresses the same emotion as slang ning meng ren – “sour

grapes” or “jealous of someone’s success”. This entry seems to

express a humorous nuance of a pessimistic attitude. Emoticons

and slang seem to play an important role in expressing this kind

of emotions. There is a high possibility that this phenomenon can

cause a significant difficulty in sentiment recognition task.

Figure 1: Example of Weibo post with Internet slang and emoti-

cons. The entry says “I have calmed down. Knowing that I won’t

win the prize, I don’t participate in this excitement. I even can’t

win a small prize. How can I expect a big one? I want to be a

lemon man in the new year”.

To address this phenomenon, in this paper we focus on the In-

ternet slang and emoticons used on Weibo in order to establish if

both slang and emoticons improve sentiment analysis by recogniz-

ing humorous entries which are difficult to polarize. To perform

experiments, we built a Chinese Internet slang lexicon and a Chi-

nese emoticon lexicon. Because the emoticons probably play a

more important role in expressing emotion than textual features,

we also analyzed the characteristics of this particular set of emoti-

cons, report on their evaluation while dividing them into three cat-

egories: positive, negative and humorous. We also noticed that
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Table 1: Examples of Emoticons Conveying Humor Typical for

Chinese Culture.

Emoticon Humorous {%} Negative {%} Positive {%}
41.7 25.0 33.3

91.7 8.3 0.0

83.3 0.0 16.7

75.0 8.3 16.7

Table 2: Examples of Chinese Emoticon Lexicon.

Emoticon Textual Feature Emotion/Implication

“smirking”

“nosepick”

“filthy”

“screen lick”

among the resources of Chinese social media sentiment analysis,

the labelled Weibo data containing emoticons are extremely rare

which makes considering them in machine learning approaches

difficult. To resolve this problem, we applied the emoticons po-

larity and utilized both lexicons with convolutional neural network

(CNN) in a way which allows sentiment analysis on smaller anno-

tated data sets. Our experimental results show that the proposed

method can significantly improve the performance for predicting

sentiment polarity on Weibo.

2. Related Research
In 2017, Felbo and others [Felbo 17] proposed a powerful sys-

tem utilizing emoji in Twitter sentiment analysis model called

DeepMoji. They trained 1,246 million tweets containing one of

64 common emoticons by Bi-directional Long Short-Term Mem-

ory (Bi-LSTM) model and applied it to interpret the meaning be-

hind the online messages. DeepMoji is also one of the most ad-

vanced sarcasm-detecting model, sarcasm reverses the emotion of

the literal text, therefore sarcasm-detecting capability can play a

significant role in sentiment analysis, especially in case of social

media. Although sarcasm and irony tend to convey negative emo-

tions in general, we found that in Chinese social media (Weibo in

our example), in addition to the expression of positive and negative

emotions, people tend to express a kind of humorous emotion that

escapes the traditional bi-polarity.

In our early research [Li 18b], we analyzed the usage of 67

emoticons with facial expression used on Weibo. We asked 12

Chinese native speakers to label these emoticons by applying one

of three following categories: positive, negative and humorous.

We have confirmed that 23 emoticons can be considered more as

humorous than positive or negative. On this basis, we applied the

emoticons polarity (see Table 1) in a Long Short-Term Memory

recurrent neural network for sentiment analysis of undersized la-

belled data.

Chinese Internet slang is defined as an informal language used

to express ideas on the Chinese Internet in response to events, to

mass media and foreign cultures. It also expresses a natural human

desire to simplify and update language. In [Li 19], we collected

448 frequent Internet slang expressions and created a slang lexi-

con (examples are shown in Table 2), then we converted the 109

Weibo emoticons into textual features creating Chinese emoticon

lexicon (examples are shown in Table 3). To test the influence of

slang and emoticons on sentiment analysis task, we also utilized

both lexicons with several machine learning-based classifiers for

detecting humorous expressions on Chinese social media.

3. Convolutional Neural Network Approach
Inspired by the above mentioned works on Internet slang and

emoticons, in this paper, we utilized both lexicons and emoticon

polarity with convolutional neural network (CNN) for sentiment

classification of Weibo undersized labelled data.

In the first step, we added the Chinese slang lexicon and Chinese

emoticon lexicon to segmentation tool for matching new words

and emoticons. Then we used the updated tool to segment the sen-

tences of a large data set. Secondly, we applied the segmentation

results into the word embedding tool for training word vectors.

Then, we applied the word embedding model which considered

Internet slang and emoticons to train a CNN model with training

data to learn an output representation. Next, we input testing data

into deep learning model, and we use a softmax classifier to ob-

tain the predicted results and output their probability. Since we

assume that emoticons have relatively greater impact than textual

features on emotional expression, we set a hyperparameter for each

text and emoticon, and calculate the summation of both features’

polarities with the hyperparameter. Finally, we can obtain the sen-

timent probability of a Weibo post which considers the effect of

emoticons and Internet slang.

In order to verify the validity of our proposed method, we per-

formed series of experiments described below.

3.1 Preprocessing
Initializing word vectors with those obtained from an unsuper-

vised neural language model is a popular method to improve per-

formance in the absence of a large supervised training set. For our

experiment we collected a large dataset (7.6 million posts) from

Weibo API from May 2015 to July 2017 to be used in calculating

word embeddings. Firstly, we deleted the images, and videos treat-

ing them as noise. Secondly, we applied Chinese Internet slang

lexicon and Chinese emoticon lexicon [Li 19] into the dictionary

of Python Chinese word segmentation module Jieba∗1. Next, we

used Jieba to segment the sentences of the microblogs, and applied

the segmentation results into the word2vec model [Mikolov 13] for

training word vectors. The vectors have dimensionality of 300 and

were trained using the continuous skip-gram model.

Next, we collected 4,000 Weibo posts containing ambiguous (

, , , , , , , ) emoticons, ensuring each

entry has only one emoticon of given type (cases with more emoti-

cons of the same type were allowed). To use these posts as our

training data, we asked three Chinese native speakers to anno-

tate them into three categories: “positive”, “negative”, and “hu-

morous”. After one annotator labelled polarities of all posts, two

other native speakers confirmed correctness of his annotations.

Whenever there was a disagreement, all decided the final polar-

ity through discussion.

∗1 https://github.com/fxsjy/jieba
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Table 3: Examples of our Chinese Internet Slang Lexicon.

Type Examples (Origin) English Translation

Numbers “laughter”

Chinese contractions
“Life is so hard that some lies

are better not exposed.”

Slang derived from

foreign language
“O-niichan” (“Brother” in Japanese)

3.2 Convolutional Neural Network
Convolutional neural networks (CNN) utilize layers with con-

volving filters that are applied to local features [LeCun 98]. Orig-

inally invented for computer vision, CNN models have subse-

quently been shown to be effective for NLP and have achieved

excellent results in semantic parsing [Yih 14], search query re-

trieval [Shen 14], sentence modeling [Kalchbrenner 14], and other

traditional NLP tasks.

The equations of the CNN are as follows: xi ∈ R
k is the k-

dimensional word vector corresponding to the i-th word in the

sentence. A sentence of length n (padded where necessary) is rep-

resented as described in [Kim 14]:

x1:n = x1 ⊕ x2 ⊕ . . . ⊕ xn (1)

where ⊕ is the concatenation operator. In general, let xi:i+j refer

to the concatenation of words xi, xi+1, ..., xi+j . A convolution

operation involves a filter w ∈ R
k, which is applied to a window

of h words to produce a new feature. For example, a feature ci is

generated from a window of words xi:i+h−1 by

ci = f(wxi:i+h−1 + b) (2)

Here b ∈ R is a bias term and f is a non-linear function such as the

hyperbolic tangent. This filter is applied to each possible window

of words in the sentence {xi:h, x2:i+1, . . . , xn−h+1:n} to produce

a feature map:

c = [c1, c2, . . . , cn−h+1] (3)

with c ∈ R
n−h+1. We then apply a max-overtime pooling oper-

ation [Collobert 11] over the feature map and take the maximum

value ĉ = max{c} as the feature corresponding to this particu-

lar filter. The idea is to capture the most important feature, one

with the highest value, for each feature map. This pooling scheme

naturally deals with variable sentence lengths. We experimented

with the CNN architecture and a model with 10 epochs and the

performance achieved the highest value when the dropout rate was

0.5, the filter size was 32 and strides number was 2. The validity

of the model was examined by holdout method (90%/10%, train-

ing/validation). The activation functions, we used RELU in gen-

eral, and the network output activation function was softmax.

3.3 Emoticon polarity
In order to predict sentiment category of Weibo posts consider-

ing the influence of emoticons for Chinese social media sentiment

analysis, we assign the probability of the deep learning model’s

Table 4: Comparison F scores results of three CNN approaches.

Humorous Negative Positive

CNN 70.48% 66.67% 56.00%

CNN+Lexicons 70.59% 70.45% 70.58%

CNN+Lexicons+Polarities 76.84% 74.69% 73.56%

softmax output S(zi) a hyperparameter λ1. At the same time, we

apply the labelled emoticons [Li 18b] as polarity P e, and assign a

hyperparameter λ2. P becomes the final probability output of the

classification:

P = λ1S(zi) + λ2Pe (4)

where the summation of λ1 and λ2 is equal to 1.

3.4 Performance Test
Using a trained word2vec model, we passed word vectors of

training data into the three deep learning models to train the model.

We collected and annotated 180 Weibo entries with the eight

emoticons mentioned above as a testing set, deleting images and

videos. Then we used the proposed method to calculate probability

of each category and confirmed the precision, recall and F1-score.

Because we assumed that in emotion expression emoticons might

play a greater role than text, in our experiment, we set the hyper-

parameters λ1 and λ2 to 0.4 and 0.6 respectively. We compared

the results of sentiment classification by CNN only, CNN consid-

ering Internet slang and emoticons lexicons only, and our proposed

methods: CNN model considering Internet slang and emoticons

lexicons and emoticon polarities. Table 4 describes the results of

F1-score with above methods.

The results proved that our proposed method is more effective

than a) convolutional neural network only categorization and b)

convolutional neural network approach considering just slang and

emoticon lexicons. Limited to small annotated data, the precision

of the sentiment classification was relatively low, but by consid-

ering Internet slang and emoticons, the F1-score of each classifier

outperformed previous method. Our proposed approach has im-

proved the performance showing that low-cost, small-scale data la-

beling is sufficient to outperform widely used state-of-the-art when

emoticon and slang information is added to the learning process.

4. Discussion
In our proposed approach, we focused on emoticons and Inter-

net slang in microblogs and investigated how adding these features

separately and together influences the previously proposed method
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for recognizing humorous posts which are problematic when it

comes to semantic analysis.

Error analysis showed that some posts were wrongly pre-

dicted due to ambiguous usage of emoticon which brought clearly

negative impact on the results. In Figure 2 we show an ex-

ample of such misclassification into “positive” category anno-

tated as “humorous” by annotators. was considered as more

positive than humorous by our annotators (67%/0%/33%, posi-

tive/negative/humorous). It seems that this particular user wrote a

joke just for fun, however, our proposed method was misguided by

this “smirking” emoticon. Therefore, we plan to increase the num-

ber of evaluators for annotating Weibo emoticons in fine-grained

humorous emotion to enhance the reliability of the polarity of

emoticons.

Figure 2: Example of wrong classification into “positive” category.

5. Conclusions and Future Work
In this paper, we applied the emoticons polarity, Chinese Inter-

net slang lexicon and Chinese emoticon lexicon with a convolu-

tional neural network model for sentiment analysis of undersized

labelled data. Our experimental results show that the proposed

method can significantly improve the F1-score for predicting sen-

timent polarity on Weibo.

For improving the performance of our proposed method, in the

near future we are going to increase the size of both slang lexicon

and training dataset to improve further results. We also plan to

test other deep learning approaches to compare the classification

results.
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Crowd-scale discussion platforms are receiving great attention as potential next-generation methods for demo-
cratic citizen platforms. Such platforms require support functions that can efficiently achieve a consensus, rea-
sonably integrate ideas, and discourage flaming. We are developing several crowd-scale discussion platforms and
conducting social experiments with private citizens. The aim of this paper is to present an implementation of the
automated facilitation agent that facilitate online crowd discussion and demonstrate the result of our large scale
social experiment with Nagoya local government. Our automated facilitation agent extracts discussion structures
from text discussions, analyzes them, and posts facilitation messages. The experiment results demonstrate that
the automated facilitation agent worked quite well.
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1:40 PM - 2:00 PM  (Wed. Jun 5, 2019 1:20 PM - 3:00 PM  Room F)

(Invited talk) Towards Realization of Collective

Intelligence based on Communication-field Mechanism

Design
〇Tadahiro Taniguchi1 （1. Ritsumeikan University）

Keywords: Communication field, Mechanism design

 
本招待講演では多人数のコミュニケーションを間接的に制御するコミュニケーション場のメカニズムデザインの

概念について紹介する。複数の人間が参画し話し合い、会議、相談等をしている状況は、自律的分散的なマルチ

エージェントシステムとして捉えられる。各主体はあくまで自らの効用に基づいて行動するために、その振る舞

いを誘導するためには適切な誘引や制約の設計が重要である。ビブリオバトルや発話権取引などの事例に触れな

がら概説する。

 
 

2:00 PM - 2:20 PM  (Wed. Jun 5, 2019 1:20 PM - 3:00 PM  Room F)

(Invited talk) Market design: Designing social

mechanisms/institutions based on game theory
〇Makoto Yokoo1 （1. Graduate School and Faculty of Information Science and Electrical Engineering,

Kyushu University）

Keywords: game theory, mechanism design, market design, multiagent systems

 
"Market Design" is a research field that examines how to design a new market or improve an existing market

such that a certain design goal is satisfied. This research field is influenced by micro economics, in particular,

game theory. Here, the meaning of a "market" is very broad; it includes a spectrum auction, in which a

government allocates the licenses to use specific spectrum bandwidth to companies, or a market without

monetary transfer, such as a kidney exchange program, or a school choice program, in which

children/parents can choose public schools they want to attend. Now, market design has become a

interdisciplinary research topic that is relevant to computer science and information systems. In this lecture, I

will describe an overview of market design research.



合意形成過程の蓄積・知識化のための
LOD技術に基づく分野横断型議論過程検索機構の設計と課題

福田 直樹 ∗1
Naoki FUKUTA

∗1静岡大学 学術院情報学領域
Colledge of Informatics, Shizuoka University

In this paper, we present our preliminary idea and design issues of a mechanism with a set of software and tools
for querying online discussions and arguments with linked open data accesses over different domains to make it
as a great knowledge repository. The prototype design is based on Linked Data and Knowledge Graph structure
and it includes mechanisms which aim to realize queries over different domains for the stored structured discussion
data.

1. 議論過程の分野を超えた知識化の重要性
実世界とインターネット上などのオンライン上の議論とを

あわせたハイブリッドな議論について，その実現についての試
み [Ito 16]や，その実際の活用の事例に関する考察が行われて
きている [Kawase 18]．すでに文献 [福田 18]でも述べてきた
が，それら１つ１つの議論には，興味深く目を向けるべきもの
が多くあると考えられ，ある１つの大きなテーマ内であれば，
ファシリテーターなどをうまく動員してそれらをうまく結び
つけられる可能性も十分に考えられる．一方で，その議論をさ
らに深め確実なものとするには，時期やテーマを超え，議論の
過程やその際の情勢，その後の経過などを含めて，より広い範
囲での議論の参照が重要となってくる [福田 18]点は，本研究
におけるこれまでに一貫した視点である．特に，その議論の背
景に深い歴史的背景やそれに起因する対立などがある場合に
は，その重要性大きいと考えられ [福田 16][福田 17b]，そのた
めの議論過程の蓄積と知識化のための基盤の検討を進めてきた
[福田 18]．
すでにこれまでの検討経過でも述べてきたとおり [福田 18]，

文脈に基づいて社会的合意のための議論を深いレベルで行うた
めには，過去の社会的合意形成問題における種々の議論がそこ
に適切に継承・参照されることが望ましい [武田 13]と考えら
れる．一方で，それらの議論の重要な部分には，その対象とな
る分野や時代に固有の事象の扱いが，深く関わってくる場合が
あるのではないかと本研究では考えている．社会的合意を目指
す当事者の個人的な利害関係や立場が原因となって，武田の指
摘するような「囚人のジレンマ的な状況で相互の議論を噛み合
う状態になるようにお互いが譲歩できない状況」[武田 13] を
正確に理解するためには，そこでの固有な利害関係やその背景
理解しようとせず，抽象的な議論のみで理解を行うアプローチ
には，限界があるのではないかと考える．そうした固有の事情
を省略することなく，別の分野や時代に議論された場合ではそ
れらの固有な事情がどういうものにマッピングされるのかとい
う，具体的な対象をその検討に含めた状態での，議論内容の相
互参照とそこからの知識の活用が，重要であると考えられる．
これらが，本研究の重要な動機付けとなっている．

連絡先: 福田直樹，静岡大学 学術院情報学領域，432-8011 浜
松市中区城北 3-5-1，fukuta (at) inf.shizuoka.ac.jp

2. 議論過程の知識化に向けた機構設計の拡張
と課題

本研究で拡張の対象となる，議論過程の知識化に向けた課題
に対応するための基盤は，こらｍでに設計を進めてきた社会的
合意のための議論の過程に対する関係性の付与・閲覧支援機構
[福田 17a]であり，さらにそれを複数の異なる議論過程に拡張
し，議論過程や関連するデータの閲覧支援に適用可能にするた
めの機構の設計の概要について，文献 [福田 17b] および文献
[福田 18]で述べている．
議論過程の閲覧支援としては，すでに文献 [福田 17b] にお

いて，その初期の設計の概要を示している．本研究で主に扱
う議論過程は基本的に [福田 17b]と同様の前提をおいている．
その前提とは，議論が，その議論当初には実空間における対面
での議論が組み合わされる場合もあるが，発言の投稿とそれ
に対する返信という構造を基本として，Web上におけるオン
ライン議論として構成され，それらに「いいね」等の付加情報
が付与される形で構成される [Ito 17]，ということである．ま
た，その議論の過程では，ファシリテーターと呼ばれる議論の
整理や進展を促す役割のユーザにより，通常のユーザとは異な
る権限により議論の方向性などに対する調整が行われる場合が
あることも，前提とする．
長期的に議論過程を蓄積していった場合には，これらの前提

が時間の経過や環境の変化によって異なるものに変容・多様化
していくことが想定される．そうした変化に寛容な閲覧支援技
術の実現が，重要な課題の 1つとなる [福田 18]．そうである
がゆえに，それらの中の相違点を，その議論の前提や対象が異
なるもの同士の間でも，何らかの説明可能な形で取り出して検
討できることには，意義があると考える．
そのためのアイデアの 1つとして，本研究では，ある議論か

ら一部分を取り出すという操作の説明を抽象的なクエリ言語で
表現することを考える．たとえば，その議論過程が，Linked

Data（あるいは Knowledge Graph）の形式で表現できると仮
定する場合には，そのための標準クエリ言語である SPARQL

がそのクエリ表現言語の選択肢として考えられる．ここで，そ
のクエリを直接的に分野に横断的になるように抽象化すると
いうのではなく，クエリ自身を必要に応じて別の分野・オント
ロジーに基づく対象へと変換できるようにすることで，そのク
エリの持つドメイン固有の詳細性を維持しながらも，それらを
相互に比較検討可能にすることが，できるのではないか．それ
が，本研究の狙いである．
図 1 は，ある議論過程における議論関係を，クエリ表現へ
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図 1: 議論過程のクエリ表現への変換を通じたドメイン変換

の変換を通じて別の議論ドメインに変換し利用する過程の概念
図を示している．
この実現に当たっては，まず，クエリの表現自身を容易に行

えるようにするために，これまでに共同で研究を進めてきてい
る，クエリ記述支援における動的な概念マッピング生成に基づ
く支援技術（たとえば，[Adachi 17]，[Adachi 18]など）の活
用が考えられる．これに加えて，すでに記述されたクエリを，
別の分野・オントロジーで構成された対象に対するクエリに変
換し，その特性をできるだけ維持し相互に関連づけた状態とす
るための手法も，開発を進めてきている [Adachi 18]．
議論内に見られる要素間の種々の関係を踏まえた閲覧支援は

重要であり [福田 17b]，本アプローチでは，その一つの方法と
して，別々の分野・時期に行われた議論同士の関連性を効果的
にかつ説明可能な形で取り出して再利用することを狙っている
が，その実現に当たっては，すでに文献 [福田 18]でのべたよう
な，議論過程の効果的な蓄積と再利用性向上のためのアノテー
ションの品質の管理と向上が重要となる．Carroll らによって
提案された関係性そのものに IDを付与する手法 [Carroll 05]

と併用することで，アノテーションに対するメタなアノテー
ションが可能となる [福田 17a] ことはその一助となるかもし
れないが，アノテーションの複雑化は同時にそれを高い品質で
付与することの難しさにもつながると考えられる．その関連づ
けに対するメタなアノテーションの基盤となるオントロジーそ
のものも，ニーズや社会の変化にあわせて深化し，多様化する
ことが考えられる [福田 18]．そのようなオントロジーの変更
や変化への許容性と高速な計算可能性の両立は，本研究でも継
続的に重要な課題の１つとなる．

3. おわりに
議論などの理解の支援では，論証内のミクロな係り受け関

係をより上位の抽象度の関係でとらえていくことと同時に，そ
れぞれの信念や立場に基づいたときに，それらがどのように見
えるのかを理解していくことが，重要な一助となると考えられ
ることは，これまでも指摘してきた [福田 18]．このためには，
本研究で試みるような，ことなる場面で行われた議論どうしを
近い視点から再構成するようなアプローチと同時に，同一の議
論に対しての異なる視点からの議論の見え方に関しての論理的
な構造をふまえた分析・閲覧支援を同時に行えるようにしてい
きたい．効果的なアノテーションの実現と，それに基づく論理
的矛盾なども踏まえた分析の支援を行えるようにすることは，
今後の課題である．

謝辞
本研究の一部は，JST CREST JPMJCR15E1 の支援を受

けたものである．
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信頼・不信とメディア効果を考慮したオピニオンダイナミクス理論
Opinion dynamics theory considering interpersonal relationship of trust and distrust and media

effects

石井　晃 ∗1
Akira Ishii

川畑泰子 ∗2
Yasuko Kawahata

∗1鳥取大学
Tottori University

∗2群馬大学
Gunma University

Bounded Confidence Model is well-known for opinion dynamics theory that considers opinions as continuous
values. However, this does not include confrontation of people. In this paper, we express a theory which expresses
the relation of trust and distrust between people by the sign of interpersonal relationship coefficient and extends
the value of opinion on one dimensional axis from positive to negative. In addition, the influence on the mass media
was also taken into consideration, and efforts were made to consider. In this paper, we will show examples of 2, 3,
20 and 300 people in computational simulation. The distribution of opinions calculated from this calculation may
be comparable to the distribution of opinions measured on social networks.）

1. はじめに
オピニオンダイナミクスは社会（あるいは少数のグループ

内）での意見の合意を目指すプロセスを解析する理論として古
くから様々な面から研究されている。 [?, ?, ?, ?, ?, ?]. 意見
の合意にゲーム理論を使う試みも行われた [?]。オピニオンダ
イナミクス理論の総合報告も参照されたい [?]。
定量的な解析に向いたオピニオンダイナミクスの理論は、大

きく分けて 2つの流れがある。1つの手法は意見を１と０、あ
るいは１と－１の二値とした離散的な意見を扱う理論である。
アメリカやフランスの大統領選挙、あるいは BREXITに見ら
れる国民投票などは投票でかならずどちらか一方に絞って投票
するため、この二値の理論は応用しやすい。もう 1 つの手法
は意見を一次元（あるいは多次元）の連続値で考える理論であ
る。合意形成などはこちらのやりかたで考えることが多い。
離散的な二値の理論としては、代表的なものに Galamによ

る磁性物理学理論の Ising模型を応用した理論がある [?, ?, ?]。
この理論では、人々の意見は１人１人の意見が Ii で表せると
し、意見交換による相互作用を −J

∑
i

∑
j
IiIj と表し、これ

が社会の conflictになるとする。conflictが低くなるように社
会の動力学が動き、J > 0ならば、隣り合う人同士の意見が同
じに揃う方が conflictは低くなる。
また、理論物理学の繰り込み群の考え方を利用した局所多数

決モデルも賛成と反対の二値である [?, ?]。この理論で、Galam

はイギリスの EU離脱（BREXIT）の国民投票 [?]やトランプ
の大統領当選 [?]の解析を発表している。
一方、意見を連続値とした理論の代表的なものに Deffuant-

Weisbuch Model や Heselmann-Krause Model として知ら
れる Bounded Confidence Model が挙げられる [?, ?, ?] 。
Deffuant-Weisbuch Modelの拡張として意見の対立による２極
化を扱った試みはあるが [?, ?, ?]、Hegselmann-Krause Model

では合意形成のみを念頭に置いている。意見は０から１まで
の連続的な値を取るとするが、１は賛成で、０は無関心であ
り、反対意見を想定していないことに注意されたい。Deffuant-

Weisbuch Model の拡張 [?, ?, ?]ではＮ人の各人相互の影響
の受け方は一定であったり、お互いの意見の相違の度合いから

連絡先:石井晃，鳥取大学，鳥取市湖山町南 4-101，0857315629，
ishii@tottori-u.ac.jp

決まるとしていて、各人が元々固有に信頼していたり、反発を
抱いていたりという要素はあらわに入っていない。
本研究では、理論的にＮ人の相互の意見交換を設定しやす

い Hegselmann-Krauseのモデル [?]に、人々が反発する要素
やマスメディアの影響などを含める形で拡張する。

2. 理論
我々の数理モデルは、意見を連続値とした理論の代表的な

bounded confidence model[?]から出発する。 N 人の人を想
定し、 1 ≤ i ≤ N として時刻 t でのエージェント iの意見を
Ii(t)と書く。 Hegselmann-Krause [?]の理論では、エージェ
ント iの意見は次のように定義される。

Ii(t+ 1) =

N∑

j=1

DijIj(t) (1)

ここで、Ii(t) の値域は 0 ≤ Ii(t) ≤ +∞ である。
Hegselmann-Krauseの理論では、ここでN 人の中の全ての組
み合わせ i, j について、係数 Dij ≥ 0である。 彼らの定義で
は Dij = 0はエージェント i の意見はエージェント j の意見
の影響は受けないことを意味する。なお、この Hegselmann-

Krauseの理論では意見を強く持つ人から無関心な人までの間
での合意形成を念頭に置いていた。
現実の社会において人々の中に対立が無いことは存在しな

い。より一般的に社会の中の意見交換では、全員が合意形成す
る場合だけでなく、中には反発する人もいて、対立が存在する
のが普通である。昨年、石井ー川畑によって対立を採り入れた
理論が提出された [?]。石井ー川畑の理論では社会の各自の意
見 Ii(t)は他の人の意見に影響され、またマスメディアの影響
A(t)を受けるとして、次の形になる。

dIi(t)

dt
= ciA(t) +

N∑

j=1

DijIj(t) (2)

ここで係数Dij はエージェント iから見たエージェント jに
対する信頼度である。
石井ー川畑の理論 [?] では、意見は賛成と反対の二値でも

Bounded Confidence Modelでの 0 ≤ Ii(t) ≤ +∞でもなく、
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Ii(t)の値域は −∞ ≤ Ii(t) ≤ +∞と拡張し、正の値と負の値
がそれぞれある問題に関する賛成と反対に相当するとする。
また、人と人との意見交換の際にどのような影響を受けるか

を定義する係数 Dij は人と人との間の信頼と不信を表すとす
る。即ちDij > 0であれば、エージェント iはエージェント j

を信頼していて、Dij < 0であればエージェント iはエージェ
ント j に不信感を抱いていると考える。また、係数 Dij は非
対称とし、エージェント iから見たエージェント j の信頼・不
信とエージェント j から見たエージェント iの信頼・不信は異
なる数値で、片方が正でもう片方は負というのはあり得るとす
る。実際の人間関係でそれは十分にあり得るであろう。
先に提出された石井ー川畑の理論 [?]では、実際には同調や

反発が時間とともに、無限に進行する欠点がある。例えばエー
ジェント Aとエージェント Bが反発する場合、どこまでも反
発して両者の意見は正の無限大と負の無限大に発散してしま
う。実際にはあまりにも意見が違う場合、お互いに無視するで
あろう。また、もう一つの欠点として、自分と同じ意見の人と
共鳴する面も考慮する。エージェント Aとエージェント Bが
まったく同じ意見の場合、石井ー川畑の理論 [?]では両者がど
んどん正の意見の方向（あるいは負の意見の方向）に発散して
いく。実際には同じ意見であれば、それほど影響は受けないで
あろう。これは謝辞にも記したパリ政治学院の S Galam教授
からも指摘された。そこで、式（??）のDijIj(t) を次のよう
に変更して上に述べた２つの足りない効果を採り入れるれた石
井の修正が提案された [?]。

DijΦ(Ii, Ij)(Ij(t)− Ii(t)) (3)

Φ(Ii, Ij) =
1

1 + exp(β(|Ii − Ij | − b))
(4)

ここで Φ(Ii, Ij)は |Ii − Ij | = b付近でスムーズにカットオ
フが働く関数であり、統計物理学で言うフェルミ分布関数と同
じ関数形である。さらに Ij(t)− Ii(t)によって、 Ii(t) は自分
と同じ意見 Ij(t)には影響されないという影響が入っている。
マスメディアの発信や社会のフレームワークを形成する発信

者 (行政、公的機関など)の情報は社会生活をする私たちの中
で伝播する。本論文の理論ではそうしたメディアの影響はヒッ
ト現象の数理モデル [?, ?]にならって採り入れた [?, ?]。 A(t)

を時刻 tにおけるメディアからの情報とし、これが人ごとに受
け取り方が異なる可能性を考慮して係数 ci を付加する。つま
り 係数 ci は各エージェントごとにメディアの受け取り方が異
なる効果を含めている。もし 係数 ci が正ならばエージェント
iはメディア情報の影響を受けて意見を変更し、逆に係数 ci が
負ならば、エージェント iはメディアからの情報に反発して意
見を変更することを意味する。
最終的に、本論文で計算に用いるのは以下の方程式である。

dIi(t)

dt
= ciA(t) +

N∑

j=1

DijΦ(Ii(t), Ij(t))(Ij(t)− Ii(t)) (5)

実際のソーシャルメディア上のデータが１日ごと、あるいは
１時間ごとであれば、差分形式では以下のようになる。

ΔIi(t) = ciA(t)Δt+

N∑

j=1

DijΦ(Ii(t), Ij(t))(Ij(t)− Ii(t))Δt

(6)

以下ではこの式を用いて数値計算を行う。

3. 計算
この新しいオピニオンダイナミクス理論による計算例を示

す。計算例は２人の場合、３人の場合、そして多人数の計算例
として３００人の場合の計算例を示す

3.1 ２人の場合
まず、二人の場合で計算をしてみよう。二人をＡ，Ｂとしよ

う。二人の場合、式（??）は以下の連立方程式となる。

ΔIA(t) = −αIA(t)Δt+ cAAdv(t)Δt

+DABΦ(IA(t), IB(t))(IB(t)− IA(t))Δt (7)

ΔIB(t) = −αIB(t)Δt+ cBAdv(t)Δt

+DBAΦ(IB(t), IA(t))(IA(t)− IB(t))Δt (8)

係数 DAB > 0、DBA > 0 と設定すると、両者の意見の中
間に収束するように二人の意見が推移していくことが計算結
果（Fig.??)からわかる。これはお互いに信頼している友人同
士の意見交換と考えると自然に理解されたと推察される結果と
なった。合意に達したあとにわずかに正の方向に意見が動いて
いるのは、マスメディアの影響 Adv = 0.5による。

図 1: N=2の場合の計算。Adv= 0.5, DAB = 1.0, DBA = 0.5.

初期値は IA(0) = 0.005, IB(0) = 0.2.

次に二人で、お互いに不信感を抱いて反発している場合、係
数 DAB < 0、DBA < 0と設定する。この場合は Fig.?? に示
すように、お互いに反発するけれど、ある程度意見が離れてし
まったら、お互いを無視する形で影響を受けなくなっているこ
とが再現された。

図 2: N=2の場合の計算。 Adv= 0.5, DAB = −2.0, DBA =

−2.0. 初期値は IA(0) = 0.005, IB(0) = 0.2

2

The 33rd Annual Conference of the Japanese Society for Artificial Intelligence, 2019

2F3-OS-5a-05



3.2 ３人の場合
次に３人の場合を考えよう。この場合も式（??）で、これ

を３人で連立させて考える。ここでは３人は A,B,Cの３エー
ジェントで、Aと Bはお互いに不信感を抱いていて反発して
いるが、Aも Bもエージェント Cには大きな信頼を持ってい
るとする。つまり、Cは反発対立している Aと Bの仲介者の
役割になる。計算した結果が Fig.??である。Aと Bの Cに対
する信頼（係数 DAC 、DBC の値）が大きく正となると、対
立していた Aと Bが Cの意見に収束していく様子がわかる。
これは仲介者が対立している両者から絶大な信頼を寄せられて
いると仲介が上手く行くという、日常生活でも経験するような
事に対応していることが推察される。

図 3: ３人の場合の計算。 Adv = 0.005, b = 5., β = 1.0,

DAB = −2.0, DAC = 5.0, DBA = −2.0, DBC = 5.0,

DCA = 1.0, DCB = 1.0. 初期値は IA(0) = 0.5, IB(0) =

−0.5, IC(0) = 0.2.

前述のような事由を、実際に起きた事例に置き換えて解釈
すると、例えば幕末の日本史で、Aを薩摩藩、Bを長州藩、C

を坂本龍馬と考えると、薩長同盟を仲介した坂本龍馬に両藩か
ら寄せられた信頼の大きさが理解できるケースである（実際の
日本史研究では坂本龍馬の果たした役割の大きさには諸説ある
が、ここでは単純な通説に従った）。また、現代史で言えば、
人種差別政策撤廃後の南アフリカ共和国大統領のネルソン・マ
ンデラ氏の役割が Cに似ていると推察する。ネルソン・マン
デラは人種差別政策撤廃後に黒人優位の政策を採らず、黒人も
白人も平等にという宥和政策に徹して、南アフリカ共和国をう
まくひとつにまとめた実績がある。

3.3 300人の場合
次に、人数を増やして３００人とした場合の計算を示そう。

300人で計算した理由は、意見の分布が上手く描ける程度に多
数の人間という程度の意味合いで、300という数字自体に意味
はない。計算にあたって、係数 Dij は全て、－１～１の乱数
で決めている。結果は Fig.??に一例を示す。左図が時間経過
による 300 人の意見の軌跡で、青線は任意抽出の一人の軌跡
をわかりやすくするために色を変えてある。右図は計算の最終
の時点でこのシミュレーション計算から算出した意見の分布で
ある。

図 4: 300人の場合の計算。係数Dij は全て－１～１の乱数で
決めている。左図が時間経過による 300 人の意見の軌跡であ
る。右図は計算の最終の時点での意見の分布。

この計算からわかるのは、式（??）で求められた分布はあ
る時間から先は有限の範囲内に留まるということである。

3.4 カリスマ的存在がいた場合
次に、多くの人から強い信頼感を持たれているカリスマ的な

人物が 1人いる場合を考えよう。計算にあたって、係数Dij で
カリスマ的な人物に対して残り 299 人からは高い信頼を寄せ
られているとする。Fig.??の例なら 5.0の値である。他の全て
の係数 Dij は、－１～１の範囲の乱数で決めている。計算結
果の一例を Fig.??に示す。左図が時間経過による 300人の意
見の軌跡で、青線はカリスマの人の軌跡である。カリスマの人
も他の人の意見への対応は、同じく－１～１の範囲の乱数で決
めている。右図は計算の最終の時点でこのシミュレーション計
算から算出した意見の分布である。計算結果を見ると、カリス
マ的人物の意見に近い意見の人の分布は大きいことがわかる。

図 5: 300人の場合の計算。 係数 Dij は 299人からカリスマ
の一人に対しての信頼度は 5.0で、それ以外の係数は全て－１
～１の乱数で決めている。左図が時間経過による 300 人の意
見の軌跡で、青線はカリスマの人の軌跡。右図は計算の最終の
時点での意見の分布。

4. 結論
Bounded Confidence Model を拡張する形で、社会の人々

の間の信頼関係と不信関係を同時に考慮し、さらにメディア効
果も含めた新しいオピニオンダイナミクス理論を提案した。3

人の計算では仲介者が反発する両者から強い信頼を寄せられ
ていると仲介が成功することが計算から示された。300人で計
算すると、意見の分布はクラスターごとに分かれる傾向が見出
された。また、全員から強い信頼を寄せられる人がいると、そ
の人の意見に近い人が多くなる傾向があることが計算で示さ
れた。
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Verification of discussions using consensus building support system organized by city development

association 

 *1 *1 *1 *1  
 Tomohiro Nishida Takanori Ito Kai Yoshino Daichi Shibata 

 *1 *1 *1 *1  
 Naoko Yamaguchi Shota Suzuki Kentaro Hiraishi Takayuki Ito 

 *1  
 Nagoya Institute of Technology 

We have developed the consensus building support system using web technology and have been conducting verification of 
social experiment by online discussion with the theme of city development. In the past social experiments, we have organized 
discussions. However, when disseminating the systems to real society in the future, other organizations/person will organize 
the online discussions. Therefore, we conduct social experiments that a city development association organize online 
discussions. We verify the effect and the problem about the social experiments. From this verification, we found that incentives 
have a major influence on participant behavior. 
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Analysis of Discussions with Dealing Rights to Speak Mobile Application

∗1
Masui Hirofumi

∗1
Oshima Takahiro

∗1
Taniguchi Tadahiro

∗1
Ritsumeikan University

This paper introduces Dealing Rights to Speak to solve the problem of speech volume imbalance arising in
discussions by using a mobile application and analyzing its influence on participants. We propose to use the
Dealing Rights to Speak mobile application to expand the applicable discussion scale. During experiments, we
changed the number of participants and conducted a questionnaire survey on them concerning the content and
progress of the discussions, bias in speech volume, respectively. We found that the participants think that the
progression of the discussion remains unchanged using Dealing Rights to Speak even when the number of speakers
ranges from 4 to 16.
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Fig 1: PV-DM

Fig 2:PV-DBOW

Fig 3:  Bi-LSTM and Bi-GRU 

Fig 4: doc2vec Architecture
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Tab 1: Experiment Results 

Tab 2: Results in None-toxic Document 

Tab 3: Results in Obscene Document 

 
Tab 4: Results in Violent Document 
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Issues of social acceptability of autonomous system from the view point of robots –requirements for 

decision making by interactive system – 

*1, *1,2, *1 
Shin’ichi Fukuzmi*1, Osamu Sakura*1,2, Hiroshi Nakagawa*1 

 *1 AIP  *2  
 *1 RIKEN Center for AIP  *2 University of Tokyo 

This paper describes issues for acceptability of autonomous system to society from the view point of standardization of 
industrial robots. When standards items about safety for human (operators, stakeholders) are supposed to apply to self-driving 
system, three requirements were extracted. They are 1) to be recognized existence of autonomous system to whole social system, 
2) to be recognized the condition of activation in the system and 3) to be stopped and informed when users approach to 
autonomous system. As there are other standards related to interact about autonomous system, these requirements shall be 
fulfilled in the future. 
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Data Jackets Evolving and Connecting via History of IMDJ 
Yukio Ohsawa                                          Teruaki Hayashi 

*1 Dept. Systems Innovation, School of Engineering, The University of Tokyo 

Here we show the structural changes in the connections among (1) the variables in data jackets (2) words in the expected 
outcomes of data use, and (3) supposed data use (analysis/simulation) scenarios represented in the 1603 data jackets stored 
from 2014 through 2018 (business years). These respectively mean (1) the features of data to be provided or created, not 
necessarily on the allowance to share the data contents, (2) the social expectation about how and for what the data can be 
used if shared, and (3) the main process of data use. The changes in the structure of the co-occurrence are visualized by use 
of the traditional sequence of graphs with KeyGraph, where we found that the connections are emerging for the recent two 
years, that means the ideas of data users are evolving with communication in IMDJ.  

1. Introduction 
Since we proposed the Innovators Marketplace on Data 

Jackets (IMDJ) in 2013 [Ohsawa 13], a human-driven platform 
for creating strategic use scenarios of data and for evaluating the 
use value of data, participants came to range across various 
domains of businesses and sciences. The starting workshops in 
this platform were organized in graduate and undergraduate 
schools in Japanese universities and exported to other countries 
Taiwan, India, etc. Then, participants in business sections came 
to overwhelm academia, with still continuing the activities in 
scientific projects.   

The key technologies in IMDJ here are, simply put, (1) data 
jackets, (2) human interface for aiding participants in their 
thoughts and communications with connecting various data 
without seeing or touching the contents of data [Hayashi 18], and 
(3) the designed/created data and analysis tools for using data. 
Among these three, (1) and (2) are the inputs to the IMDJ as a 
system, whereas (3) is an output. The outcomes of each 
workshop in IMDJ are mostly the proposed strategic scenarios 
for data use/reuse (often including data analysis and synthesis) 
and the results of acting on those scenarios. However, item (3) is 
also positioned as an outcome or a side product of IMDJ. The 
relation of these inputs and outputs can be expressed by Eq.(1) 
through Eq.(3), representing a set of data jackets in (1) by DJs, 
the use scenario in (2) (called a solution in [Ohsawa 13, Hayashi 
18, etc]) by Sol, and tools in (3) by Tool. Also, the requirements 
spoken in IMDJ from the viewpoints of data users are 
represented here by Req. And, Act means humans’ actions and 
communications in data processing. 

DJs, Sol  Req                (1) 

Tool, Act  Sol               (2) 

Each element above can be expressed by predicates, where DJs 
takes variables in the data as attributes, Sol takes a part of DJs 
into its action (Act) and as the inputs to the tools (Tools) it 
employs in Eq.(2). That is, Eq.(1) and Eq.(2) can be put into 

provide(V1), use(V1, req)  realize(req).      (3) 

process(V1, V2), compute(∪ v V2 v),   

relate(∪ v V3 v, req |V3  V2)  use(V1, req).    (4) 

Here, V1 in provide(V1) represents the initially given set of 
variables in DJs, i.e., the set of data jackets, and the predicate 
provide means the content of the data supposed to be provided. 
use(V1, req) means to realize Sol with the variables in V1 to 
satisfy the requirement req in Eq.(3), a situation represented by 
Req in Eq.(1). The use scenario use(V1, req) is composed by 
more granular components, as Sol is in Eq.(2), that is to first 
preprocess the variables (choose the useful subset of V1 and 
further process the chosen set by such procedure as noise 
filtering). Then, the relations of the variables related relatively 
directly to the requirements (e.g., the instruction signal) and other 
variables are computed with automated computation which may 
be machine learning. Yet the learned relation is not always useful 
for satisfying the requirement: for example, products sold well in 
the previous year should be modified to fit the interests of 
present years’ customers. This, as well as tools with AI (Tool in 
Eq.(2)), actions and communications of humans play the most 
essential role in the real businesses. Thus, process and relate are 
represented by Act in Eq.(2). As a result, in IMDJ, all elements 
composing Eq.(3) and Eq.(4) should be communicated. In 
summary, the following are communicated in IMDJ.  
Provide: to share/get the data to be used 
Variables: the variables in V1 to be given for use/reuse 
Process: how the variables and their values are collected or 

selected, not only for learning efficiently but for fitting req.  V2 

may include variables not included in V1. 
Compute: choice of the tools for computation e.q., tools with AI. 
Relate: the action to activate the causality between V3 and req. If 

V3 does not fully explain the ways to satisfy req, additional 
actions should be discussed. 

2. The Contents of Data Jackets  
Each data jacket (DJ hereafter) is provided not only as the 
abstract of an existing dataset but also as the preparatory 
information for the communication exchanging or creating the 
above information. Therefore, a DJ may include these pieces of 
information by human-written text. It is certainly allowed that 
one dataset has multiple DJs by different authors because a DJ is 
desired to reflect the subjective thoughts or the vision of a 
participant in IMDJ.  Thus, in the entry sheet of each DJ, the 
following pieces of information and comments are requested. 
 
 

Contact: Ohsawa Lab, 7-3-1 Hongo, Bukyo-ku 113-8656 Tokyo, 
info@pands.sys.t.u-tokyo.ac.jp 
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Title of the data (e.g., “POS data in a supermarket”) 
Outline (e.g., “the sequence of goods bought by customers who 

come to buy consumption items”) 
Collecting Cost (e.g., “depends on the system.”) 
Sharing Policy (e.g., “can be shared after negotiation, if the 

condition fits the business of the supermarket.”) 
Types (e.g., “a table of text, numbers, and symbols.”) 
Formats (e.g., “XML”) 
Variables/Attributes (e.g., “product class, product category, 

product name, customer ID, and date and time of purchase.”) 
Analysis /Simulation  (e.g., “apply sequence analyzer such as 

RNN or visualizer such as Tangled String, for predicting and/or 
explaining the future strategies in marketing. Predicting may 
not be trustworthy because the market in the past and the future 
tend to differ, but the explanation is absolutely required.”) 

Outcome (understanding the reasons for customers’ behaviors) 
Anticipation (expected strategies to satisfy existing and 

forthcoming customers, to be obtained from the data)  
What kind of data/tools do you wish to have? (additional data 

or AI tools that should be combined with the current dataset)  
The information corresponding to Provide in Section 1 is 
included in Collecting Cost and Sharing Policy here.  
Variables in Section 1 are in Variables/Attributes here. 
Process and Compute in Section 1 are provided in Analysis 
/Simulation here that includes to select variables and use tools 
with AI, because it is not easy to separate this preprocess and the 
main step of computation because ordinary users tend to trust 
experts or automated tools as a package for setting 
hyperparameters in the preprocess and learning (computation). It 
is noteworthy here that IMDJ is a platform to connect 
requirements of sheer users of data and AI tools, and the details 
of settings in the post-process are dealt with in the later step of 
action planning.  Finally, Relate in Section 1 is expected to be 
filled in Outcome and Anticipation above, although the entries 
to the blanks for these two items are optional. In summary, from 
the viewpoint to detect the social interaction of the data use/reuse 
process, the three items Collecting Cost, Sharing Policy, 
Variables/Attributes represent the pre-process, whereas 
Outcome and Anticipation represent the post-process.  
Analysis/simulation shows a part of the main process. 

3. The visualized changes in DJ for 5 years 
Kamishibai (K)-KeyGraph shows the structural variation of 

the co-occurrence graphs of items in the partial data for each 
period, in a given sequence [Ohsawa 10]. The black nodes with 
blue letters show frequent words, connected by red ones 
represented by less frequent words. The sequence of visualized 
graphs is shown for explaining the structural changes, but the 
distances such as obtained from the coordinates in distribution 
representation vectors are not reflected here.  This visualization 
rule is common in Figure 1, 2, and 3. The same item appears at 
the same position in the 2D coordinate, so the changing is 
intuitively grasped at a glance.  In Figure 1, 2, and 3, respectively, 
the changing in the connections among the variables in 
Variables/Attributes (Collecting Cost, Sharing Policy are cut 
because of the difference in the granularity of information), 
among words in Outcome plus Anticipation, and among words 
in Analysis /Simulation process, are visualized. 

(a) April 2014 – March 2015  

 
(b)  April 2015 – March 2016  

 
(c) April 2016 – March 2017 

 
(d) April 2017 – March 2018 
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(e) April 2018 – Jan 2019 

 
Figure 1. The changes in the connection of variables in DJs.  
 

(a)  April 2014 – March 2015  

 
(b)  April 2015 – March 2016  

 
(c) April 2016 – March 2017 

 
 

(d) April 2017 – March 2018 

 
(e) April 2018 – Jan 2019 

 

Figure 2. The changes in the connection of words in the 
expected outcomes of data use, described in DJs. 

4. Discussions 
The numbers of nodes and edges in graphs are set equally for all 
periods (years), to make the comparison for different periods. As 
in Fig. 1 (a), the connections among the variables have been 
sparse in 2014, in that the human (personal) data and geographic 
data have been separated into clusters. This tendency lasted till 
2015, but the human data and physical data including data from 
sensors have got coupled into a cluster in 2017. Then, a larger 
cluster in 2018 appeared that integrates the human data and 
physical data into AI-driven innovations toward businesses with 
emotional designs and marketing. The cluster that emerged at the 
center of Fig.1 (c) for 2016 may be interpretable as a transient 
path from the localized clusters in (a) to the grown-up one in (e). 
This integration of clusters is also found in Fig.2.  In Fig.2(d) for 
the year 2017, the simulation and data analysis are coupled into a 
cluster on services for health care, simulation-based urban traffic 
management [Yoshimura 17], disaster protection etc., linked to 
show social demands for AI-driven innovations in Fig.2 (e).   

Such a connection of local clusters is not so obvious in Fig.3.  
However, the last cluster in (e) connect visions toward data-
driven innovation and the full sequence is coherently addressed 
to realize “explanation” as well as “prediction” from sequential 
data (highlighting spaciotemporal information), putting these 
keywords at the center of the graphs. The last Fig. 3(e) involves 
“theory” used for two meanings: (1) mathematical models for 
investigating latent dynamics [Yamanishi 15], and (2) the respect 
to domain knowledge highlighted in model-based sciences 
[Magnani 17], corresponding to the return to “model” in Fig.3 (a) 

The 33rd Annual Conference of the Japanese Society for Artificial Intelligence, 2019

2G3-OS-2a-01



 

- 4 - 

(the assumption of low-dimension causality in using sparse data 
[Rish 14] is itself a model that may not work in explaining 
behaviors in the complex interaction with unexpected events). 

5. Conclusions 
Above we find the human-centric data engineering process has 
been considered so far in IMDJ, reflecting the communication 
onto the entries of new DJs. DJs came to be included in the DTA 
standard of data catalog. We assume this reflects the potential 
expectation of data users, whose communication in the market of 
data triggers the evolution of representation of data. 

Acknowledgments This work was supported by JST 
CREST JPMJCR1304, JSPS KAKENHI JP16H01836, 
JP16K12428, and industrial collaborators in the DJ workgroup.  

(a) April 2014 – March 2015  

 
(b)  April 2015 – March 2016  

 
(c) April 2016 – March 2017 

 
 

(d) April 2017 – March 2018 

 
(e) April 2018 – Jan 2019 

 
Figure 3. The changes in the connection of words in the 
analysis/simulations described in DJs. 
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Data visualization method according to thinking process 
on the data distribution platform with blockchain  

*1 *1 *1 *1 
Kosuke Miyahara              Yusuke Ejiri                    Ikeda Eiji                Sasaki Hiromichi  

*1   
 
Abstract In recent years, interest of data utilization is emerging and many new businesses using data are considered. We 

think combining different companies' data is effective for creating innovative businesses, so sharing different companies' data 
each other would be necessary.  Then, in order to accelerate the data utilization society, Fujitsu developed "Virtuora DX Data 
Distribution and Utilization Service". Our service uses blockchain technology and Data Jacket proposed by Ohsawa 
Laboratory in the University of Tokyo. In our service, companies can share their data attribute information as Data Jacket and 
discuss about data utilizing idea using KeyGraph which shows relation among Data Jackets. We think the view of KeyGraph 
in our service should be flexible according to users’ current status on the thinking process to create idea. In this paper we 
explain some method to change the view of KeyGraph flexibly. 
Keywords  Data Distribution Data Jakcket KeyGraph Co-Creation Blockchain 
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Ring-LWE

Efficient Privacy-Preserving Prediction for Three-Layer Feedforward Neural Networks
Using Ring-LWE-based Homomorphic Encryption

∗1
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Kim Sangwook∗1
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Tomoya Tamei
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Toshiaki Omori

∗1
Seiichi Ozawa
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National Institute of Information and Communications Technology

Concerns about privacy of data prevent from making good use of a huge amount of data. Data analysis while
preserving privacy is a very important task. In this research, we propose a Privacy-Preserving Machine Learning
that can efficiently compute inner product in a three-layered neural network using Ring-LWE-based Homomorphic
Encryption. We propose a two-party model consisting of client and server: the former encrypts input data and
receives a classification result from a server and the latter performs predicting process over the encrypted data
using a trained classification model. This enables that the client acquires the inference result without revealing the
privacy of their data and the server protects their model from exposing it. The proposed method costs 10.549 [ms]
per one class for prediction process and performed keeping its accuracy close to the case of sigmoid and ReLU.

1.

Dowlin [Dowlin 16]

Juvekar [Juvekar 18]

GAZELLE garbled circuits

Ring-LWE

(Privacy Pre-

serving Three-Layer Feedforward Neural Networks : PP-

TLFNNs)

Ring-LWE

ReLU sigmoid

:

657-8501 1-1 TEL: 078-803-6466

E-MAIL: ozawasei@kobe-u.ac.jp

Packing PP-TLFNNs

2 3

4

5

2.

Lauter [Lauter 11]

Ring-LWE

LNV-PHE Public key Homomorphic

Encryption .

2.1
n 2 R = Z[x]/(xn + 1) Ring-LWE

Rp = R/pR = Zp[x]/(x
n + 1)

Rq = R/qR = Zq[x]/(x
n + 1)

y q y− zq ∈ [−q/2, q/2)

z [y]q := y− zq

u =
∑n−1

i=0 uix
i ∈ R [u]q :=∑n−1

i=0 [ui]qx
i u(t)

u(t) := −
n−1∑
i=0

uix
n−i = u0 − u1x

n−1 − − un−1x.

[Wang 17b] u, v ∈ R

(uv)(t) = u(t)v(t).

u u := (u0, ..., un−1)

1
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u v = (v0, ..., vn−1)

〈u, v〉 = ∑n−1
i=0 uivi

A a
$←A

f
g←R(0,s2) s2

f ∈ R
2.2 LNV-PHE

pk sk c = (c1, c2), c
′ =

(d1, d2) ∈ R2
q m,m′ ∈ Rp

m c

Enc(pk,m) Dec(sk, c)

Enc(pk,m)= (e1a+ pe2, e1P + pe3 +m) ∈ Rq,

Dec(sk, c)= [c1S + c2]q mod p ∈ Rp.

pk = (P, a), sk = S r, S
g←R(0,s2), a

$←
Rq P = pr − aS ∈ Rq e1, e2, e3

g←R(0,s2)

LNV-PHE (c1 + d1, c2 + d2) =

Enc(pk,m+m′) (c1m
′, c2m′) = Enc(pk,mm′)

[Wang 17a]

InnerP(c, c′)
DecIP(sk, ip)

ip1 = c
(t)
1 d1 ∈ Rq,

ip2 = c1d
(t)
2 + c

(t)
2 d1 ∈ Rq,

ip3 = (c
(t)
2 d2 ∈ Rq) mod x ∈ Zq

InnerP(c, c′) := (ip1, ip2, ip3) = ip ∈ Rq ×Rq × Zq.

DecIP(sk, ip) := [(ip1S
∗ + ip2S) mod x+ ip3]q mod p ∈ Zp.

S∗ = SS(t)

3.

(PP-TLFNNs)

3.1 TLFNNs
N , L, C

W (1) =
(
w

(1)
ij

)
N×L

g(x) = αx2+βx+γ W (2) =
(
w

(2)
jk

)
L×C

TLFNNs U =

(u1, ..., uN ) Z = (z1, . . . , zC)

Z = g(U ·W (1)) ·W (2)

k = 1, . . . , C zk
α, β, γ

zk =

L∑
j=1

g

(
N∑
i=1

uiw
(1)
ij

)
w

(2)
jk

= α

L∑
j=1

(

N∑
i=1

uiw
(1)
ij )2w

(2)
jk + β

L∑
j=1

(

N∑
i=1

uiw
(1)
ij w

(2)
jk )

+γ
L∑

j=1

w
(2)
jk

:= zαk + zβk + zγk ,

j = 1, ..., L

Aj :=

N∑
i=1

uiw
(1)
ij = 〈U,W (1)

j 〉

B
[k]
j :=

N∑
i=1

uiw
(1)
ij w

(2)
jk = 〈U,W (1)

j w
(2)
jk 〉

A := (A1, ..., Aj , ..., AL), B[k] := (B
[k]
1 , ..., B

[k]
j , ..., B

[k]
L )

zαk , z
β
k , z

γ
k

zαk := α

L∑
j=1

(

N∑
i=1

uiw
(1)
ij )2w

(2)
jk

= α

L∑
j=1

(

N∑
i=1

uiw
(1)
ij )(

N∑
i=1

uiw
(1)
ij w

(2)
jk )

= α
L∑

j=1

AjB
[k]
j = α〈A,B[k]〉,

zβk := β
L∑

j=1

(
N∑
i=1

uiw
(1)
ij w

(2)
jk )

= β
L∑

j=1

B
[k]
j = β〈1, B[k]〉,

zγk := γ

L∑
j=1

w
(2)
jk .

3.2 Packing
V = (v1, ..., vN ) Packing

Poly1(V ) :=

N∑
i=1

vix
i−1 (1)

Poly2(V ) :=
N∑
i=1

vix
(i−1)N (2)

(1), (2) U = (u1, ..., uN ),W
(1)
j =(

w
(1)
1j , . . . , w

(1)
Nj

)
W

(2)
j =

(
w

(2)
2j , . . . , w

(2)
Lj

)
VAj (x) := Poly1(U)(Poly1(W

(1)
j ))(t)

= Aj +

�n/N�∑
j=1

(0 · xjN ) + [other terms],

V
B

[k]
j

(x) := Poly2(U)(Poly2(W
(1)
j w

(2)
jk ))(t)

= B
[k]
j +

�n/N�∑
j=0

N−1∑
k=1

(0 · xk+jN ) + [other terms]

VAj (x), VB
[k]
j

(x) Aj , B
[k]
j

VAj (x) V
B

[k]
j

(x) VAj (x)

V
B

[k]
j

(x) .

〈VA[j]
(x), V

B
[k]
[j]

(x)〉 AjB
[k]
j . (3)

2
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3.3 TLFNNs
Enc(Poly1(U)) = (c1, c2) ,Enc(Poly2(U)) = (d1, d2)

VAj (x) V
B

[k]
j

(x)

(ĉ1,[j], ĉ2,[j]) :=
(
c1(Poly1(W

(1)
j ))(t), c2(Poly1(W

(1)
j ))(t)

)
= Enc(Poly1(U)(Poly1(W

(1)
j ))(t))

= Enc(VAj (x))

(
̂
d
[k]

1,[j],
̂
d
[k]

2,[j]) :=
(
d1(Poly2(W

(1)
j ))(t)w

(2)
jk , d2(Poly2(W

(1)
j ))(t)w

(2)
jk

)
= Enc(Poly2(U)(Poly2(W

(1)
j w

(2)
jk ))(t))

= Enc(V
B

[k]
j

(x)).

(3) [Wang 17a] AjB
[k]
j

(ĉ1,[j], ĉ2,[j]), (
̂
d
[k]

1,[j],
̂
d
[k]

2,[j])

zαk = α〈A,B[k]〉 = α
∑L

j=1 AjB
[k]
j

ip[k]α = α

L∑
j=1

InnerP((ĉ1,[j], ĉ2,[j]), (
̂
d
[k]

1,[j],
̂
d
[k]

2,[j]))

:= (ip
[k]
α,1, ip

[k]
α,2, ip

[k]
α,3).

ip
[k]
α,1 = α

L∑
j=1

ĉ1,[j]
(t)̂d

[k]

1,[j] ∈ Rq,

ip
[k]
α,2 = α

L∑
j=1

(
ĉ2,[j]

(t)̂d
[k]

1,[j] + ĉ1,[j]
̂
d
[k]

2,[j]

(t)
)

∈ Rq,

ip
[k]
α,3 = (α

L∑
j=1

ĉ2,[j]
(t)̂d

[k]

2,[j] mod x) ∈ Zq.

B
[k]
j = 〈(1, 0, ..., 0), V

B
[k]
[j]

(x)〉 zβk =

β
∑L

j=1 B
[k]
j

ip
[k]
β = (0, ip

[k]
β,2, ip

[k]
β,3)

ip
[k]
β,2 = β

L∑
j=1

̂
d
[k]

1,[j] ∈ Rq,

ip
[k]
β,3 = (β

L∑
j=1

̂
d
[k]

2,[j] mod x) ∈ Zq.

ip[k]γ = (0, 0, z[k]γ ).

zk = zαk + zβk + zγk

ip[k] = ip[k]α + ip
[k]
β + ip[k]γ := (ip

[k]
1 , ip

[k]
2 , ip

[k]
3 ).

ip
[k]
1 = ip

[k]
α,1 ∈ Rq,

ip
[k]
2 = ip

[k]
α,2 + ip

[k]
β,2 ∈ Rq,

ip
[k]
3 = ip

[k]
α,3 + ip

[k]
β,3 + zγk ∈ Zq.

3.4
5

Step Z[x]/(xn + 1)

n N n ≥ N2

Step-0 k = 1, ..., C

˜Poly[k]α = α

L∑
j=1

Poly1(W
(1)
j )Poly2(W

(1)
j )(t)w

(2)
jk ,

˜
Poly

[k]
β = β

L∑
j=1

Poly2(W
(1)
j )(t)w

(2)
jk ,

zγk = γ
∑L

j=1 w
(2)
jk

Step-1 U (1) , (2)

Enc(pk,Poly1(U)) = (c1, c2),

Enc(pk,Poly2(U)) = (d1, d2).

Step-2 (c1, c2) (d1, d2)

ip
[k]
1 = c

(t)
1 d1

˜Poly[k]α ∈ Rq,

ip
[k]
2 = d1

(
c
(t)
2

˜Poly[k]α +
˜
Poly

[k]
β

)
+ c1d

(t)
2

˜Poly[k]α

(t)

∈ Rq,

ip
[k]
3 = (d2

(
c
(t)
2

˜Poly[k]α +
˜
Poly

[k]
β

)
+ zγk mod x) ∈ Zq.

ip[k] := (ip
[k]
1 , ip

[k]
2 , ip

[k]
3 ) ∈ Rq × Rq × Zq, k =

1, 2, ..., C

Step-3

DecIP(sk, ip[k]) = zk (k = 1, ..., C).

Step-4 {zk}

zk∗ = max
k∈{1,...,C}

{zk}

U k∗

4.

4.1
3.4 Step

1 Core i7-7700K(4.20 GHz)

p = 32749× 32719× 32717× 32713

q = 296 − 232 + 1

n = 4096, s = 8.0

pi ∈ {32749, 32719, 32717, 32713}
p

216

3
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1: Step (C : )

[ms]

(Step-0)∗1 2747.336× C

(Step-1) 8.561

PP-TLFNNs (Step-2) 10.549× C

(Step-3) 0.332× C

2:

Satellite 6435 36 6

Australian 690 14 2

German 1000 20 2

Step-0

PP-TLFNNs

Satellite

C = 6 63.294 [ms]

1.992[ms]

4.2
UCI Machine Learning Repository

[Dua 17] 3 Satellite

Statlog (Landsat Satellite) Data Set Australian Statlog

(Australian Credit Approval) Data Set German Statlog

(German Credit Data) Data Set

2

0, 1

ReLU

ReLU

[−30, 30]

5

Sigmoid ReLU

PP-TLFNNs 3

3 PP-TLFNNs Sigmoid ReLU

TLFNNs

5.

∗1

3: PP-TLFNNs

TLFNNs
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Sigmoid ReLU

Satellite 0.871 ± 0.016 0.899 ± 0.027 0.900 ± 0.023

Australian 0.857 ± 0.041 0.875 ± 0.028 0.875 ± 0.039

German 0.741 ± 0.020 0.774 ± 0.026 0.778 ± 0.036
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Network Growth Process on Cross-disciplinary Data in the Data Platform 

 *1 *1  
 Teruaki Hayashi Yukio Ohsawa 

*1  
Department of Systems Innovation, School of Engineering, The University of Tokyo 

Data are generated every moment, and new kinds of data appear one after another in the real world. In recent years, problem-
solving by exchanging/combining data among different domains is one of the social demands. In the Web and Social 
Networking Services, many models to express the complex networks and their growth process have been proposed. However, 
the network model focusing on data from different domains in the data platform has not been discussed. In this study, we 
observed the process of network growth of cross-disciplinary data using the summarized information about data–data jacket–, 
and considered the dynamic change of the characteristics of the network in its growth process. From the characteristics of the 
dynamic network, we demonstrated several strategies as data platformers. 
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 An amendment to the Unfair Competition Act in 2018 in Japan provides for civil remedies such as damages and 
injunction against unfair acquisition, use and disclosure of data that satisfy certain requirements.  However, it is not easy to 
prove the ownership and content of the data, let alone the change of right concerning data.  Therefore, this presentation 
presents the proposal of enacting the registration of data with a legal framework of ensuring bona fide commercial 
transactions thereof.  This presentation does not concern with a privacy but property aspect of data. 
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Design of Data Flow Process among Multiple Organizations for PR Measurement 

 *1  *2  *3  *4 *4 
Kunihiko Ueshima Taito Tosaka Kohei Taniguchi Teruaki Hayashi  Yukio Ohsawa 

 *1  *2  
 Japan Data Exchange, inc.  OZMA, inc.  

 *3  *4  
 Kikkoman Corporation School of Engineering, The University of Tokyo 

In this study, we designed and conducted the process of data flow to evaluate the effectiveness of PR and communication.  
Based on the process, we obtained 15 datasets from 15 different companies in about four months and created the integrated 
time-series data on trends of the product market, taking account of seasonality, trends, advertisement and PR activities, and 
unexpected events.  The result suggests that our method can reduce the cost and failure risk in flowing data among multiple 
organizations and encourage the sustainable use of various data, reducing the workload of all the stakeholders as smooth as 
possible.  
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Future Prototyping Methodology for Knowledge Co-creation 

*1                                 *2                                               *3   
Miwa Nishinaka                                              Hideaki Takeda                Kunio Shirahada 

*1                         *2         *3  
The Graduate University for Advanced Studies    National Institute of Informatics     Japan Advanced Institute of Science and Technology 

*4                                                         *5 
Yusuke Kishita                                                    Hisashi Masuda  

*4                                        *5  
                                                The University of Tokyo                                           Kyoto University 

Abstract: This position paper proposes “Future Prototyping Methodology” for a discussion platform assuming a citizen 
workshop, to simulate future situation. Prototyping by this methodology, we also propose a model to clarify thinking process 
for the future when people seeking well-being, which might be one of triggers to cause social change. We focus on the well-
being as an inevitable purpose of the discussion because we think that happiness is emerged when we work for social well-
being in the succeeding generations as well as seeking current personal happiness. Our research will contribute to the area of 
Artificial Intelligence by presenting theses of thinking process for social well-being for the future. As a practical contribution, 
the proposed methodology is positioned as a tool to show the future to achieve well-being based on people’s needs for the 
future. This paper presents research overview, prior research, a research question for our methodology and its uniqueness. 
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AI  
Analysis of  the AI and Society Meeting in Japan  

*1 
Hitomi Sano 

*1  
Keio University 

 

The AI and Society meeting in Japan is an organisation  which meets to discuss ‘the influence of Artificial Intelligence on 
society’ from various viewpoints such as Humanity, Philosophy, Economics, Law, Politics and Sociology. These are 
collectively referred as ‘HELPS’. This article classifies the themes have been discussed at this meetings using ‘HELPS’.  
Through analyzing how various themes have been discussed and how various stakeholders have been involved, we consider 
the effectiveness of the meetings and how the multi-stakeholder process works.  
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Gaming Space as an Online Society, and A Consideration about Its AI Implementation for Rapid 
Transformation Tolerance  

*1                     *1     *1 
Shinya Umeno                          Masaya Nakamoto                         Tetsuya Nohama 

                                                   *1 mynet.ai 
                                                              Mynet.ai Inc.  

We discuss how we can consider an online gaming space as an online society. We also consider how we can implement AI 
that can tolerate rapid transformation of the society. An online community is one of the appropriate platforms for demonstration 
experiment of catastrophe-control AI, and we will explain the reasons. 
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AI  
A Study on Formation of Social Consensus on Personal Data Utilization in AI Society 

*1 
Etsuko Tane 

*1   
Graduate School of Arts and Sciences, The University of Tokyo 

 
 

In recent years, AI technology has been developing rapidly beyond social acceptance. Although utilization of personal data has 
advantages of bringing convenience to people and enriching our lives, we also have risks of being abused. Social consensus formation is 
required to utilize technologies with high uncertainty. In order to practice a valid consensus formation, the diversity of decision-making 
subjects, the disclosure of necessary information, diversity of options and transparency of the decision-making process is necessary. In this 
paper, the tasks of utilizing personal data are overviewed and consider how to form a consensus to ensure social rationality. 
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AI  
AI as agency in agency law 

*1 
Ryota AKASAKA 

*1  
AIST Postdoctoral Researcher 

Many scholars arguing that acts of artificial intelligence affect to modern law systems. There are some discrepancies between 
human beings in law systems who act based on "free mind" to humans in terms of today’s science, and AI actualize this 
discrepancy. Due to solve this problem in a field of contract law, some US law scholars arguing to interpret AI as an agency in 
common law. In this article, I describe applicability and limits for this argument.  
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本講演では、人と AIが織りなす新たなエコシステムを実現するための法的課題を明らかにした上で、その解決に

向けたアプローチを提示することを目的とする。近年の日米欧における AIの法的問題に関する議論と規範形成を

検討した上で、今後の法的課題を整理し、その解決のあり方を模索する。その結果、新たなエコシステムを実現

するためには、 AIの適切な設計を促すための法制度の設計（メタデザイン）が求められることを明らかにする。
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Towards the mechanism for projection: overlaying and prediction

∗1
Hiroki Yokoyama

∗2
Hiroyuki Okada
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Hiroaki Suzuki
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Tamagawa University Brain Science Institute
∗3

College of Education, Psychology and Human Studies, Aoyama Gakuin University
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Physics Projection: Intelligence with Physical World

Naoto Iwahashi∗1 Hideaki Negoro∗1 Soichi Kawano∗2

∗1Okayama Prefectural Univ ∗2Luke System

This paper presents a new approach named physics projection, through which robots can learn the physical
world and predict the effects of their actions actively and online. Physics projection consists of three components:
a robot, physical world model, and physics engine. The process of physics projection has a double loop structure
comprising (1) a learning loop of the physical world model and (2) a simulation search loop. Experiments were
performed using the TurtleBot3 mobile robot and Unity graphic engine. The results clearly showed that the robot
predicted the effects of its various actions under the given physical conditions and successfully executed the tasks
of carrying a wine glass without dropping it and a cup filled with water without spilling. The robot could predict
a catastrophic effect that could not be predicted by a human operator.

1. Introduction

Intelligence arises from the coupling of the dynamics of
internal (mental) states and external (world) states. The
nature, mechanisms, and functions of such coupling have
long been discussed in the fields of philosophy, science, and
technology [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14]. Not
only low-level sensory-motor activities but high-level cog-
nitive activities, such as language and communication, are
also established in the coupling.

We have been studying the coupling of internal states
of human and robot in linguistic and physical communica-
tion, which reflect the external states, where mutual beliefs
play an important role [15, 16, 17, 18]. Mutual beliefs can
be considered as the communication state that is used to
generate and understand linguistic (utterances) and phys-
ical actions. By focusing on such characteristics, we con-
structed a computational model of human–robot linguistic
and physical communications (Figure 1). The model has a
double loop structure containing (1) a mutual-belief learn-
ing loop (outer red-line loop) and (2) a simulation search
loop (inner blue-line loop). The mutual-belief learning loop
is executed when the robot is acting and making obser-
vations both linguistically and physically during communi-
cation, and a mutual belief model is learned actively and
online. The simulation search loop is executed as a process
in the mutual-belief learning loop to search for an appro-
priate action by evaluating numerous candidates by using
a probabilistic-inference-based simulation.

Linguistic and physical communication is based on vari-
ous constraints such as physical, sensory-motor, psycholog-
ical, conceptual, and experiential constraints. The human–
robot linguistic-and-physical-communication model makes
it possible to incorporate these constraints into the mutual-
belief model and use them in the simulation search. Among
all the constraint types, physical constraints might be an
important basis. However, the aforementioned human–
robot model cannot apply physical constraints, such as
gravity, collision, and stability, directly. Nevertheless, it
can statistically learn the concepts of the physical relation-
ship between objects and use it in the simulation search.
Note that no previous high-order cognitive systems can in-
corporate physical constraints directly [19]. In addition,

Contact: Naoto Iwahashi, iwahashi@c.oka-pu.ac.jp, www-
ail.c.oka-pu.ac.jp

Figure 1: Linguistic and physical communication model
with mutual beliefs

even without the connection of physical constraints with
high-order cognitive activities, it is extremely difficult for
state-of-the-art robots to predict the effects of their actions
on the physical world. Therefore, robots cannot safely carry
wine glasses on top of a tray or place unknown objects on
a table without knocking it down.

This paper presents a new approach named physics pro-
jection that enables robots to learn the physical world model
and predict the effects of their actions actively and online.
Many previous works are closely related to this approach.
The prediction of the effects of actions by physics engines
was intensively studied in the fields of virtual reality, aug-
mented reality, robotics, machine learning, and cognitive
science [20, 21, 22, 23]. The comparison and integration
of learned and analytic physical models were discussed in
[24, 25]. The recent study of automatic 3D modeling [26] is
also in this line with the current research, and could be ap-
plied to these research fields. Compared with these studies,
physics projection is a novel idea, and makes the following
contributions:

1. It comprises active and online loops of the learning of
the physical world model and simulation search.

2. The proposed method can be integrated with high-
level cognitive systems.

2. Physics Projection

2.1 Incorporating the physical world
Physics projection is a new approach for incorporating

the physical world into artificial intelligence; It operates

1
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Figure 2: Physics Projection

the internal (mental) model of the external (physical) world
to understand the physical world. The approach consists
of three components: a robot, physical world model, and
physics engine (Figure 2). The process of physics projec-
tion has a double loop structure comprising (1) a learning
loop of the physical world model (outer red-line loop) and
(2) a simulation search loop (inner blue-line loop). The
learning loop of the physical world model is executed when
the robot is performing actions and making observations
in the physical world; thus, the physical world model is
learned actively and onlie. The simulation search loop is
executed as a process in the learning loop of the physical
world model to evaluate numerous candidates and search
for an appropriate action. Eventually, the loop structures
of physics projection and above-mentioned human–robot
liguistic-and -physical-communication model are the same,
although they operate at different spatiotemporal scales
and handle different conceptual granularity. Therefore, the
physical constraints of physics projection can be easily in-
corporated into the human–robot linguistic-and-physical-
communication systems.

2.2 Learning of the physical world model
The physical world model is represented by a set of phys-

ical entities with attributes, such as shape, color, mass, cen-
ter of mass, inertia tensor, friction, softness, viscosity, veloc-
ity, acceleration, and gravity. These attributes are learned
by robots through passive or active sensory-motor observa-
tion. Now, let us consider the robotic task carrying a wine
glass on top of a tray. In this case, the attributes of the
glass, floor and interaction between the robot and floor can
be useful. The glass attributes include shape, mass, cen-
ter of mass, and inertia tensor, whereas the floor attributes
include friction, surface shape, and slope declination. The
attributes of floor–robot interaction include the relation-
ship between action-control settings and robot acceleration.
However, only a few of these attributes can be observed
through image processing. Although the mass, center of
mass, and inertia tensor of the glass cannot be directly ob-
served, they can be inferred through cross-modal prediction
methods, such as the multimodal learning method [27]. The
acceleration realized by a particular action setting cannot
be obtained in a passive manner but can be observed by
performing actual actions.

2.3 Simulation search
Simulations are run several times using the computa-

tional physics engine with different parameter settings of
action control and the physical world model. The simula-
tion search has two functions: physical-world adjustment,

Figure 3: System implementation

and action-control optimization. These functions are ex-
plained as follows with respect to the task of carrying a
wine glass.

2.3.1 Physical-world adjustment

Simulations are run by setting the position values of the
center of mass of the glass. The simulation search deter-
mines an appropriate value of the floor friction to achieve
consistency between reality and simulation of whether the
glass remains on the tray or falls down. According to this
value, the parameters of the physical world model are ad-
justed, and the adjusted physical world model is used at
subsequent simulation searches.

2.3.2 Action control optimization

Here, the simulations are run by setting several different
values of velocity for action control. The simulation search
selects an appropriate velocity value so that the robot car-
ries the wine glass without dropping it in a reasonable time.
According to this value, the actual robot can execute the
action, and this is expected to produce a desirable result.

2.4 System implementation
We implemented the physics projection system by using

the TurtleBot3 Waffle Pi mobile robot, Unity graphic en-
gine, PhysX physics engine, Obi fluid simulator, and Yolo
object detector (Figure.3) .

3. Experiments

3.1 Tasks and conditions
The following three tasks were set.

STEP The robot descends one step while carrying a wine
glass. The height of the step was set at 7 mm. The
conditions were that the robot must not drop the wine
glass; however, the wine glass may fall with the impact
of descending the step. Here, the robot judges the
speed at which it should descend the step.

SLOPE The robot rotates 180◦ on a slope with a declina-
tion of 15 % while carrying the wine glass. Here too,
the robot must not drop the wine glasse; however, the
glass may fall because of the centrifugal force, which
changes depending on the direction of rotation because
the floor is tilted. Here, the robot judges in which di-
rection it should turn.

WATER The robot moves over an obstacle with a height
and width of 7 and 120 mm, respectively, while holding
a cup of water. Here, the robot must not spill water,
and thus it judges the speed at which it should move
over the obstacle.

The heights of the step and obstacle, and the slope in-
clination were measured manually, and were input into the
physical-world model. The wine glass and cup were recog-
nized by the YOLO object detection software, with a cam-
era attached on TurtleBot3. The shape of the glass and

2
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Figure 4: Resultant action effects in theSTEP task (velocity
and height of center of mass). Upper left: Success in the
prediction (15 cm/s and 13 cm). Upper right: Failure in
the prediction (20 cm/s and 14 cm). Bottom left: Success
in the actual task (15 cm/s and 13 cm). Bottom right:
Failure in the actual task (20 cm/s and 14 cm).

cup, as well as the amounts of wine and water were calcu-
lated through subsequent image processing. The mass and
position of the center of mass of the wine glass were inferred
through a cross-modal prediction mechanism.

3.2 Results

3.2.1 STEP

Learing

In the initial setting, when the simulated and actual
robots descended the step, their velocities changed in dif-
ferent ways. The impact of the robot’s tire contacting the
floor caused the actual robot to decelerate owing to motor
characteristics and floor friction. Therefore, the decelera-
tion in the simulation was set by considering consistency
between the simulated and actual action effects at veloci-
ties of 10, 15, and 20 cm/s with the height of the center of
mass of the glass 13 cm.

Prediction

After the learning, physics projection accurately pre-
dicted the action effects at velocities of 10–20 cm/s with
heights of 12, 13, and 14 cm of the center of mass of the
glass. These conditions were different from the condition
under which the learning was done (i.e. cross-situational
setting); this shows the generalization capability of physics
projection. Figure 4 illustrates the predicted and actual
action effects.

3.2.2 SLOPE

Prediction

The physics projection predicted that if the robot rotated
in the clockwise direction, the wine glass did not fall; in
contrast, with rotation in the counterclockwise direction,
the glass kept falling down. The similar phenomena were
observed for the actual robot, and the resultant effects were
same as the predicted effects, as shown in Figure 5.

Figure 5: Resultant action effects in the SLOPE task. Up-
per left: Success in the prediction (clockwise). Upper
right: Failure in the prediction (counterclockwise). Bot-
tom left: Success in the actual task (clockwise). Bottom
right: Failure in the actual task (counterclockwise).

3.2.3 WATER

Learning

The learning was executed for the situation that the robot
descended a step with the height of 7 mm, which was dif-
ferent from that in WATER task. At initial setting of the
liquid attributes in the simulator, the physics projection
prediction was not consistent with the actual effects; the
simulation robot spilled water when moving at velocities of
20 and 22 cm/s, while the actual robot spilled and retained
water when moving at velocities of 20 and 22 cm/s, respec-
tively. The liquid attributes were learned in the simulation
search loop to minimize the inconsistency between reality
and simulation.

Prediction

After the learning, physics projection was executed for
WATER task conditions. Several situations were used with
different combinations of velocities of 20, 22, and 24 cm/s
and the position of cup positions of 6, 0, -6, and -12 cm.
The cup position is the horizontal distance in the forward
direction from the center position. The physcs projection
predicted that when the position of the cup moved forward,
water tended to spill. Figure 6 shows the predicted and
actual action effects.

Unexpected effect

When the cup was positioned at the rear end of the robot
(cup position of -12 cm), the catastrophic effect that could
not be expected even by a human operator was predicted
through physics projection (Figure 7). When the robot
moved on the obstacle, its right front wheel, which is one
of two powered wheels, floated from the floor. Therefore,
the robot lost control, turned unexpectedly to the right,
dropped off the path, and spilled water. We confirmed that
the actual robot acted similarly.
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Figure 6: Resultant action effects in the WATER task (ve-
locity and position of cup). Upper left: Success in the
prediction (24 cm/s and 6 cm). Upper right: Failure in
the prediction (26 cm/s and 6 cm). Bottom left: Success
in the actual task (24 cm/s and 6 cm). Bottom right:
Failure in the actual task (26 cm/s and 6 cm).

Figure 7: Unexpected action effects in the WATER task
(velocity, 24 cm/s; position of cup, -12 cm). Left: Predic-
tion. Right: Actual task.

4. Discussion

Physics projection is a very simple idea, and will attract
not only technological but also scientific interests. Several
research topics could be discussed, illustrated as follows:

1. When should the physical world model be learned?

2. How should the attributes be selected for learning?

3. How can incomplete physical world models work for
prediction?

4. How widely should the simulation search be evaluated?

5. How would differentiable physics engines improve
physics projection?

6. How can physics projection be integrated with high-
order cognitive systems?

For further improvement and refinement of this approach,
it is necessary to incorporate rapidly developing machine
learning technology and apply recent scientific findings.
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Elastic Limb(s) Illusion

Prospects of Studies on Elastic Limb(s) Illusion based on Muscletension-Elastication Correlation

∗1
KENRI KODAKA

∗1
Graduate School of Design and Architecture, Nagoya-city University

This article outlines a series of studies on elastic limb(s) illusion based on muscletension-elastication correlation
and discusses how these illusion studies contributes to exploring the body-image plasticity.
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 The effect of delayed visual feedback on the full body illusion 

 *1 *2 
 Itsuki Ohtsuka  Sotaro Shimada 

 *1  *2  
 Meiji University Graduate School  Meiji University 

The full body illusion (FBI) is an illusion of the self-ownership and self-agency towards an avatar that moves synchronously 
with one’s own body movement. Here we investigated the FBI using an avatar that moves with a short delay from the 
participant’s movement. Participants made their steps on the spot while watching a VR scene as if the avatar walked in a street 
either synchronously (100-ms delay) or asynchronously (400- or 700-ms delay) with their steps. The avatar was presented in 
either 1st-person or 3rd-person perspective. The result showed that the participants felt the sense of ownership only toward the 
avatar that moved synchronously in the 1st-person perspectives. Our results suggest that our body image can be projected on 
the avatar that is presented in the 1st-person perspective and moves synchronously with one’s own body. 
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Body Schema Calibration under Virtual Reality:  
The Evaluation using Regression Model in The Direction of Extension and Contraction 

*1 *1 *2 *1 
 Noriki Mochizuki Ryo Suzuki Eimei Oyama  Sousuke Nakamura 

*1 *2  
Hosei University National Institute Advanced Industrial Science and Technology 

In the immersive virtual reality system, when the shape of the virtual body is parted from the real body, there is a problem 
that its operability deteriorates. The authors assumed this is caused by misfit of the body schema which is an internal model in 
the brain realizing the body position, because it is initially tuned up to the real body instead of virtual body. Thus, the authors 
have proposed a method called body schema calibration using VR technology to change the body schema adapting to the real 
body so as to fit the virtual body. In this paper, we newly evaluated two regression models based on the result of body schema 
calibration to the direction of extension and contraction. As a result, two-piece linear regression model was more suitable than 
the linear regression model. And it was suggested that the changing characteristics of the body schema are different in the 
direction of extension and contraction. 
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P300  
The existence of a competitor increases enthusiasm when playing video games: Investigations based on 

the event-related potential (ERP) component (P300) 

*1*2                     *1  *2 
      Nobuyuki KAWAI                                        Ryuzaburo NAKATA Kenta KUBO      

 *1  *2  
 Graduate School of Informatics, Nagoya University Graduate School of Information Science, Nagoya University 

Abstract: Studies suggested that an actual existence of opponent players increases competitive motivation and 
enjoyment of the game playing. However, it is unknown whether a belief of the existence of a competitor also 
increases these motivation and enjoyment. We hypothesized that projection (i.e., as if playing with a real 
competitor) would increase the participants' engagement to the video game than playing with the computer 
player. In this study, the participants played alone (single condition) or played with the fake player (competitive 
condition), while their brain activity was measured by means of event-related potential (P300). Results showed 
the amplitude of P300 in the competitive condition was smaller than that in the single condition, indicating that 
the belief of playing with the opponent player modulated the brain activities. The subjective scores were higher 
than those in the single condition. These results suggest that a projection modulates the brain activities and 
psychological states in the video game playing. 

1.  
 近年のゲーム研究では，１人でゲームをプレイするより
も，誰かと一緒にゲームをプレイするほうがより楽しく感
じることが報告されている．たとえば，対戦相手が存在す
るほうがゲームに対する動機づけや面白さが増し[1]，快感
情が高まる．ゲーム中の熱中度を直接測定することは難し
いが，事象関連電位(P300)により外乱刺激（プローブ刺
激）に対する注意を測定することで，ゲームプレイ中の熱
中度を間接的に測定することが可能である．この手法（プ
ローブ刺激法）を用いて，映画に対する注意を調べた研究
では，興味のある映画を鑑賞している場合には興味のない
映画を鑑賞するときにくらべて P300 が減少していた[2]． 
 しかし，他者と実際に対戦していなくても，他者とゲー
ムをしているとの思い込みだけでも，熱中度が変化する可
能性がある．すなわち，そのゲームを架空の対戦相手との
ゲームとプロジェクションすることで，実際には同じよう
にコンピュータと対戦していても神経活動や心理状態が変
化する可能性がある．そこで，２つの実験で検討した． 
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enjoyment of playing video games: the role of competition. 
ICEC'03 Proceedings of the second international 
conference on Entertainment computing, 1-9, 2003. 

[2]  . 
 

, 24, 5-18, 2006. 
[3] B. J. Bushman, & J. L. Whitaker. Like a magnet: Catharsis 

beliefs attract angry people to violent video games. 
Psychological Science, 21, 6, 790-792, 2010. 
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Consideration on Onigokko as a healthcare content for children in artificial intelligence society 

*1 
Yuushi Hiramine 

*1  
Onigokko Association 

This paper discusses the contents of deeper consideration through practical activities that utilize the contents of Onigokko 
on the basis of previous research on health care issues for children in artificial intelligence society. Onigokko is a traditional 
play that everyone has tackled in early childhood. In modern Japan, it is said that children's physical fitness declines and 
sports population declines are progressing, and the number of physical play such as Onigokko is decreasing. However, the 
development of mobile terminals, game machines and the like is remarkable. In this paper, we conclude that in the society in 
which artificial intelligence develops, it is important for the future of the child to value creation of physical play called 
Onigokkoaccording to social demands. 
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Types of Knowledge Emerging from Photos and Language Expression of Experience 

 *1 *2  *2 
 FUJII Haruyuki  HIRATA Sadayo  SHINOZAKI Ken-ichi 

 *1  *2  *3  
 Tokyo Institute of Technology #1   Shibaura Institute of Technology #2  Nihon University #3 

The authors are trying to create a method of passing on traditional techniques and methods of building vernacular 
architecture. Although the local techniques and methods are significant and important for the architecture in the region, they 
are being driven out by modern and global technologies and methods. As a result, the cultural scenery typical and unique in a 
certain area is being destroyed. The authors focus on three types of knowledge i.e., theoretical knowledge, technological 
knowledge, and practical knowledge, and are representing them in such a form in which they are passed on from the experts 
to the prospective experts. This paper introduces our research plan and some findings from one of the pilot studies. We 
classified verbal expressions to describe how good, or bad, traditional artifacts are and found that descriptions of actions to 
create something are often used in the evaluation of the artifacts. 
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Process of Comprehension of Constructing Dry Stone Walls in Izena in Ryukyu   

 *1 *2  *3 
 SHINOZAKI Kenichi  HIRATA Sadayo  FUJII Haruyuki  

 *1  *2  *3  
 Nihon University #1  Shibaura Institute of Technology #2        Tokyo Institute of Technology #3 

This article tries to present an experience of acquiring comprehension and technique through out two times on site 
constructions of Dry Stone Walls in Izena island in Ryukyu, Okinawa, and making an instruction manual for its construction. 
The analysis bases on; 1) fundamental technique of constructing Dry Stone Wall, 2) management of stone arrangement, 3) 
total flow of the process of the work, and 4) variation of the characteristics of the work. Through the experiences, it is 
revealed that an acquaintance with the terms such as "Tsumi-ishi (building stones) " and "Guwa-ishi (fill or hearing)" brings 
about a clear figure of a model section of the Dry Stone Wall and accelerate understanding about its whole construction. 
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Toward the Aesthetic Appreciation of the Haptics and Tastes 

*1 
Hiroki Fukushima 

*1  
Kyushu Women’s University 

Abstract: In this paper, the author considers the feasibility of the aesthetic appreciation of the haptics, smells, and tastes. 
Generally, these sensory domains are not regarded as the subject of the aesthetics mainly because they do not have an artefactual 
object. Here the author does not give a conclusion for the question whether they could be the subject of the aesthetics or not. 
Instead, the author illustrates some examples of the “haptic aesthetics” through the Japanese teacups, and gives some examples 
of the “aesthetic concepts of the taste” through the descriptions of the taste of Japanese sakes. 
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On learning through metaphorical imaginations 

*1 
Fumitoshi Kato 

*1  
Keio University 

The present project explores the ways in which various “good places” are shaped and reshaped through our communication 
processes. Acknowledging that we are always “in-communication,” our research begins with a series of critical observations 
of our day-to-day activities. This year, we are conducting a project named “tekina (its like…).” We rely on metaphors when 
we encounter “something” that is difficult to put into proper words. Or, occasionally, we need to name the “something” to 
begin with. “Tekina” is the term to represent metaphorical expressions through which we can begin to speculate upon in 
qualitative research.  
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Segmental response of the human body to changes in the interrelationship with the environment 

 

*1 

Kazuya Tanaka 

*1  
*1 Teikyo University of Science, Faculty of Medical Science, Department of Physical Therapy 

*2 *3 *4 
Tomoaki Atomi  Wataru Takano Soichiro Fujiki 

*2 *3 *4  
*2 Kyorin University *3 Osaka University *4 Dokkyo Medical University 

*5 *6 *6 
Katsuya Hasegawa Miho Shimizu     Yoriko Atomi     

*5  JAXA *6  
               *5 Japan Aerospace Exploration Agency *6 Tokyo University of Agriculture and Technology 
 

In general, it may be difficult to secure the amount of activity due to pain. Therefore, there is a need to pay attention to qualitative 
aspects of exercise, such as body balance control. In human body, the mass ratio of the trunk including the head is said to occupy 60% of 
the whole body. Therefore, evaluation of the segmentality of the head and trunk in posture / motion control strategy is important as an 
indicator of stability and efficiency of motion. In this research, we investigated human's segmental attitude control using an acceleration 
sensor based on a cantilever structure control model. As a result, a segmental response of the body occurred in the change of the 
relationship between the environment and the body. Regarding human body balance control, the possibility that each segment of the body 
responds to each frequency band was considered. 
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野生の実験： 
「実践目的が浮動する構え」を獲得する 

Savage Experiment: 
Acquiring Perspective for World practice aiming floating  

堀内隆仁*1                       諏訪正樹*2 
Takahito Horiuchi                Masaki Suwa 

*1 慶應義塾大学大学院政策・メディア研究科　　　*2 慶應義塾大学環境情報学部 
Graduate School of Media and Governance, Keio Univ.  Faculty of Environment and Information Studies, Keio Univ.

 
1. はじめに 

1.1  野生とは 

　本稿題目にある野生とは，文化人類学者レヴィ=ストロー
スが著した「野生の思考」[レヴィ=ストロース 76]を受け
ている．近代化に伴う欧米中心主義が流行る中，彼は世界
各地の未開社会でフィールドワークを実施した．詳らかに
されたのは，近代科学以上に綿密な自然種の弁別や，それ
をオペレータとして構築した社会規範（トーテミズム）・
神話体系など，驚くべき文化体系の数々であった*1．それ
を可能とするのは，一見関係ない事物同士を組み合わせて
新たな意味を構成する，「野生の思考」だとした． 
　レヴィ=ストロースは，野生的な行為にブリコラージュ
を挙げる．ブリコラージュは，目下の目的に対して，あり
合わせの資材を組み合わせて「なんとかやりくりする」こ
とを言う*2．その資材集合は，ポリネシアのマナ型の観念
[ibid.]や，代数学の記号Xのように，余白をもつシニフィア
ンになるということだ．「出来上がりは，手段の集合の構
造と計画の構造との妥協」だとした上で．彼は以下のよう
に述べる（ブリコルールとは，ブリコラージュする者を指
す）． 

（ブリコルールは）ものと「語る」だけでなく，もの
を使って「語る」．限られた可能性の中で選択を行う
ことによって，作者の性格と人生を語るのである．計
画をそのまま達成することはけっしてないが，ブリコ
ルールはつねに自分自身のなにがしかを作品の中にの
こすのである．([ibid.], p27) 

ここから，ブリコラージュとは，現実解を，自らの「物語」
として紡ぐことだと考えられる． 

1.2  第一著者は，研究者であり実践者 

　第一著者・堀内は，陸上競技（大学入学時から十種競技
*3専門：PB6283点，十種競技歴7年，陸上競技歴10年）に
熱中し，これまで実践者として取り組むと同時に，研究者
としてその過程を探究してきた（e.g.[堀内，諏訪 
16,18a,18b]）．本稿では，第一著者自らの実践を物語っ
た上で，その認知的な特性を野生の観点から，内省的に議
論する． 

2. 第一著者の実践 
　本章では，堀内の実践を具体的に物語る．節は時系列順
である． 

2.1  野生化以前 

　競技と長らく向き合っていると，日々の泥臭く細かな試
行錯誤はもとより，競技に対する「構え」という大きなレ
ベルにおいても，意識変革がなされるものである．しばし
ば「怪我や挫折」が契機となる．堀内においてもその例に
漏れず，巧者のパフォーマンスの「見た目」をなぞるよう
に練習する最初段階から，フィジカル強化を目論んだ練習
量の積み上げにアクセントをおく段階，苦手な「走り」の
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連絡先：堀内隆仁，慶應義塾大学大学院政策・メディア研究科，メー
ルアドレス：discus4372@keio.jp

*1彼らは「文明社会から取り残された野蛮な人たち」などではな
く，欧米とは異なる仕方で発展を遂げていたのだった．この考え方
が，構造主義の走りとなる． 
*2日本語訳に，「日曜大工」が当てられることがある． 
*3走・跳・投の計10種目の総合力を競う．キング・オブ・スポーツ
とも称される．

　The savage mind, Levi-Strauss advocated, enables people to combine things which don’t relate to 
each other in order to generate new one. In this paper, we present first author’s special learning 
practice in athletics, and argue about this as a ‘savage experiment’. The speciality in his learning 
practice is below: first, the practice and his basic embodied skills in daily living have been crossed 
each other. Second, he made some embodied media for augmenting embodied skills in daily living, 
on his own. By this experimental actions, prototyping the media has transformed into a self-
organizing system from mere a step. Thus, his practice has aimed at the floating point between 
athletics and prototyping, where he is able to find new variables by embodiment.
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根本的改革によって総合力を上げようとする段階（cf.[堀内，
諏訪 16]）・・・etc．決して順風満帆ではないながらも，
漸進的にパフォーマンスアップを果たしながら，生活の喜
びを感じていた．

2.2  生活動作のスキル性を究める 

　M1の秋，大きな転換点が訪れる．シーズンを終え，長
らく抱えていた右膝の痛みの原因が，身体の使い方の癖に
あることに気づいた．ごく簡単に述べれば，走る際に，身
体重心鉛直真下より，過度な前方位置に接地していること
で，接地中に接地脚の膝に高負荷がかかっていた．さらに
それが「普段の歩き」でも無自覚に生じていることを悟っ
たのだ．「自らの競技者としての実践」が，陸上競技場を
飛び出，日常生活と交錯しはじめた瞬間だった．冬季は，
立ち方や歩き方から徹底的に見直しを図ることで，競技動
作改善にも成功した．長きにわたる実践が，立ち方や歩き
方の模索に至った例は，他のスキル学習例題においても報
告されている（e.g.剣道[諏訪，赤石 10]，野球の打撃[諏訪 
16]）． 
　春のシーズン開幕を待ち望んでいた矢先，疲労が蓄積し，
右足舟状骨を疲労骨折する．結果的にM2シーズンは走る
ことすらままならず，受傷から走れるようになるまで一年
半程度を要した． 

2.3  メディアのプロトタイピング経験を介して，生
活環境に手を加える

⑴  身体を計測するツールから，刺激するメディアへ 

　M2シーズンは，何もせずに終わったわけではない．上
記の通り，生活の一部が練習になっているからだ．また，
修士研究副査がメディアアーティストでもあったことが関
係し，自らの身体を測る様々な「ツール」のプロトタイピ
ング（＝つくりながら使う）を行なった（cf.堀内，諏訪 
18a]）．当初は「ツールで身体を客観的計測する」という
スポーツ科学的姿勢で挑んだが，すぐに厳密計測の難しさ
やそれに伴うコストへ直面した．興味深く感じられたのは，
インタラクティヴ・ツールの振る舞いにより，思いがけず
動きや身体感覚が喚起される事態である． 
　例えば，図１は堀内がプロトタイピングした「加速度可
聴化ベルト」である．本ツールは，リアルタイムに，セン
サーで検知した加速度を音に変換し，ブザーから音出力す
る（加速度と音周波数がマッピング）．当初は，運動にお
ける「無駄な上下運動」を削減するために，フィードバッ
クを得ることを企図した．しかし，実際に本ツールを腰部
に装着して歩いてみると，「耳の周囲をハエが飛び回るよ
うな間抜けな音変化」に，むしろ踊るような激しい上下運
動を促されてしまったのだ． 
　こうした経験を積むうちに，堀内のツールに対する姿勢
は，「つくり・いじる中で自分の身体を『刺激』するメディ
アであれば良い」と割り切るように変化した．これらのメ
ディアは，百均グッズやDIY用資材，Processing（アート

プログラミング言語）やArduino（電子工作キット＆IDE）
といった素材として普及したもので自作した，チープなも
のある．

⑵  日常生活の環境に手を加える 

　プロトタイピング経験を通して得た「割り切り姿勢」は，
前節同様に日常生活にまで及んでゆく．引越し準備におい
て，洗濯機を1人で運ぶ際の持ち方・体幹部の使い方を悟っ
たり，河原の石を絶妙なバランスで積み上げる*4ことで，
外力だけ（筋力なし）で成立するポジショニングを探った
り（図2），リュックを「腹負う」（腹側にリュックを背
負う行為を堀内が命名）ことでスムーズな重心移動に試み
る，等である．日常生活において，歩く等の「身体動作」
のみならず，自らを取り巻く環境に対しても，競技者とし
ての身体を刺激する道具へ仕立てるように変容したのだ．
これもブリコラージュである．なお2.1節～本節で述べた
過程は[堀内，諏訪 18a]に詳しい．

2.4  メディアプロトタイピングを楽しむ 

　修士研究を終え，まだ怪我の治癒途中でもあった堀内は，
コンピュテーショナルなメディアの制作に様々取り組む．
いきなり「使えるメディア」を作ろうとする姿勢ではなく，
メディアづくり自体を楽しみ，表現・制作スキルの向上を
目論む向きが強い. 
　怪我治癒後からは，本格復帰を目指し，通常の「トレー
ニング」も徐々に開始している．トレーニング・メディア
づくり・日常生活，これらを行ったり来たりしながら，実
践を実り豊かにせんと努めている． 
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図1：加速度可聴化ベルト

図2：堀内の石花作品

*4ロックバランシングまたは石花と呼ばれる遊びである．
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⑴  Ultra Re-generation of MRI 

　メディアの一例を紹介する（本例は，[堀内，諏訪 18b]
に詳しい）．「Ultra Re-generation of MRI」と題するメ
ディアを制作した．本メディアは，インターネット上に漂
流する「MRIによる全身横断面*5撮像gifファイル」をデー
タとし，多様な動きや変換エフェクトをかけた3Dの人型像
を，画面上に再生する*6．「死体解剖学的なデータに命や
意志を吹き込む」ことが初期コンセプトであった．「身体
に訴えかける」表現を探りながら，バージョン変更を繰り
返した． 
　様々な効果を試作する内に，制作時に意図しなかった身
体感覚を再生像から得た．それがもととなり，「体幹部の
冠状面*7での分解」という変数[J.J.Gibson & E.J.Gibson 
55]を獲得した．図3は，冠状面の分解感覚が感じられる再
生像である．陸上競技の多様な運動において，身体重心と
接地位置との前後位置関係は重要である．冠状面（身体の
前後方向）での分解は，この位置関係の身体感覚に関わる
という点で，競技者として価値ある変数であった．一見し
て遠回りなプロセスで，変数を獲得したのだ．

　本メディアは前節の加速度可聴化ベルトと異なり，運動
を直接検知するインタラクティヴ・ツールではない．MRI
撮像は本来，怪我や病気の発見に資する医療用データであ
る．メディア・アートの文脈において，基本的にコンピュ
テーションは，何らかのモノを表現媒体化（メディア）す
ることに使われる．前節までの経験を経た上でメディア制
作スキルを育む堀内にとって，MRI撮像すら，「河原の石」
や「洗濯機」同様，記号Xになったのだ． 

⑵  特異な環境下での体験に垣間見る，新たな構え

　図4に示した記述は，堀内が本格的なフィールドアスレ
チックを体験した日のものである（堀内の一人称研究[諏訪，
堀ら 15]では，日々の実践における問いや変数発見の過程
を，自身でメタ認知している）．記述から，単なる競技者
を逸脱した堀内の構えを垣間見ることができる．特異な環
境下での運動体験で，競技者としての身体の使い方・感覚
に加え，環境の特性をも探りつつ，それに応じて生成され
る身体側の特性を，考察している． 

3. 「第一著者の野生」を内省する

実践はデザイン行為[Simon 01]である．自らにとってよ
り好ましい状況を指向する一連のアクションを指す．個々
のアクションも何らかの目的をもつが，デザイン行為が大
局的に指向するものが，「実践目的」だと言える．野生（ブ
リコラージュ）の概念をもとに，堀内の実践は，以下のよ
うなデザイン行為として表せる． 

あり合わせの身体（動作・感覚）を資材とし，あり合
わせの環境から工具として選び，これらをもちいて現
実解を構成する． 

堀内の実践目的が「競技スキルを構成する」だったこと
を踏まえると，通常のブリコラージュがあり合わせの資材
とするものは，「資材」と「工具」に分けられる．資材は，
自分の身体の「身体動作や感覚」であり，工具は，資材を
形づくるためにあり合わせの環境から選んだモノである． 

3.1  各実践はどう野生か 

堀内が果たした「野生化」とは，実践目的に対して，資
材または工具が異なるドメインへ飛び出ることだろう．長
らくの実践では，あり合わせをフル活用する必要性に至り，
結果的に実践目的と一見異なるドメインに属するモノに着
手することになる．
競技スキル構成という実践目的に対して，競技的なトレー

ニングをしたり，その身体動作を動画撮影・解析するだけ
では，資材・工具が「競技ドメイン」に属する．単線的に
問題解決を目論む，非野生的な構えである（ブリコラージュ
ではなく，エンジニアリング的）．2.1節に概説した実践
の段階では，野生化していなかった． 
　「立つ・歩く」等を問い始めたこと（cf.2.2節）は，「競
技ドメイン」の実践目的と異なる「日常生活ドメイン」に
属する身体動作を資材として選ぶことを意味し，野生であ
る． 
　2.4節では，メディアを作り始めた．「加速度可聴化ツー
ル」は，はじめから素材（記号X）の意味が与えられた材
料で制作しているため，実践目的の「競技ドメイン」と明
確に異ドメインとは断言できない．一方，その際の資材は
競技スキルではなく，身体構造の感覚（cf.2.4節⑴）や，
生活動作（cf.2.4節⑵）をいじっているから「日常生活ド
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吊り輪を足場として移動するには，必然的に股関節の筋群を優
位に使わなくてはならなかった．考えてみれば当たり前で，普
段の地面は，足と地面のインタフェースが，ある意味固定化さ
れている．しかし，吊り輪に足をかけて運動する場合，砂場の
比ではないくらいダイナミックなインタフェースとなるから，
プルプル感がやばかったのだ！だからこそ，安定を作り上げる
ためには，足ではなく，膝や股関節ということになる．なんか

おもしろ練習器具がDIYできる気はするのだが．

（2018年10月28日の記述より一部抜粋）

図4：競技者を逸脱した堀内の「構え」が表れる記述例

*5身体において，体軸に垂直な面を指す解剖学用語である．
*6本メディアは，openFrameworks・GLSLを用いて制作した．
*7身体において，背と腹に平行な面を指す解剖学用語である．

図3：Ultra Re-generation of 
MRI の再生像一例
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メイン」と捉え得る．だから，野生なのである．自前のチー
プな工具だからこそ，選ばれた資材の方が「日常生活ドメ
イン」になったと解釈できる．「競技ドメイン」の資材（動
作）を仕立てる工具は，自作が難解だと当時判断したから
である（cf.2.3節⑴）． 
　生活環境にまで手を加え始めたのは，実践目的に対して
異なるドメインの工具を選んだことになり，野生である．
環境から選び出す工具が何であるかによって，似た資材で
も出来上がりは異なり，工具によって選ばれる資材もある
程度決まる．すなわち発見される変数が異なる．メディア
プロトタイピングや，2.3，2.4節で紹介した実践では，異
なる工具だからこそ，獲得している変数が異なった． 

3.2  ボトムアップな変数発見 

　我々が身体を具備する認知主体であるがゆえに（cf.身体
性[Pfeifer & Bongard 06]），変数発見は生じる．正解的
変数がトップダウンに降ってくることなどないならば，「手
応え[佐伯 95]」を感じながら，ボトムアップに変数発見す
る他ない．ボトムアップに発見した変数は，身体化され，
柔軟に発揮できる実践知となろう．そうして身体を拡張
し，得た変数は物語の隙間を糊付けする． 
　また，工具が自前であることの意義は，自分でつくるか
らこそ，記号Xとしてのポテンシャルや，それに伴う資材
選択を模索できるのであり，作り手が素人かプロかは第一
義ではない．特にコンピュテーショナルなメディアは，そ
の性質が顕著と言える．工具を外注すると，身体性がスキッ
プされかねない． 

3.3  実践目的すら浮動する構え 

　2.4節の堀内はもはや，単なる競技者を逸脱している．端
的に言えば，メディアをプロトタイピングすることが自己
組織化・自己目的化し，実践目的が拡張している．特に，
コンピュテーショナル・メディアは，モノを表現媒体へ仕
立てる手段として優れている．Ultra Re-generation of MRI
（cf.2.4節⑴）のような，表現可能性の試行は，あり合わ
せの環境と身体双方の集合において，記号Xとして選べる
要素を増やした．この手段の豊かさが，競技スキル構成と
いう実践目的以外の道を切り拓いた．メディアづくりは目
的に対するブリコラージュの工具づくりではなくなった． 
　ブリコラージュは，現実解を構成している．つまり，「設
計図に基づいた唯一の正解」に合致するはずはないし，そ
もそもそれは存在しない．このように妥協するならば，実
践目的という正解も更新されて然るべきである．目的更新
こそがデザインの本質[中島ら 08]でもだ．2.3節⑴で獲得
した「割り切り姿勢」は，妥協を実感し始めたのでもあっ
た． 
　一見して「競技者として，あまりにコストパフォーマン
スが悪い実践」であり，自己目的化は「競技者としての逃
避ではないか」という反駁もあろう．しかし，未来におけ
る正解（好ましさ）は，現在における正解と異なるという

ことを見逃してはならない．そうすれば，メディアづくり
自体を楽しむことは，目先の競技的利益に飛びつかずボト
ムアップな発見を待つ我慢の工夫でもある，と積極的に解
釈できる．こうして堀内は，単一目的を指向しない，悠然
たる構えを獲得したのだった． 
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