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Introduction
The 2016 International Conference on Crowd Science and Engineering (ICCSE 2016) offers a wonderful
opportunity for academics, industry practitioners and policy makers to gather and explore the
transformative potential of crowd science research, with an aim to find ways to engineer efficient systems
which can combine the strengths of both humans and machines for new innovative possibilities. ICCSE
2016 provides a global forum for scientists, engineers and educators to present and discuss the latest
Crowd Science and Engineering research, emerging technologies and their future applications. ICCSE
2016 has received 100 paper submissions from 12 countries. Among the 100 submissions, 27 papers have
been selected as full paper to be presented at the conference.
The ICCSE 2016 program includes 3 keynote sessions given by world renowned speakers such as Kevin
Leyton-Brown, Andrew Mao and Chunyan Miao; 2 workshop sessions on Crowd Wisdom for Healthy
Living and Life-Long Learning conducted jointly by Nanyang Technological University and Peking
University, 3 tutorials given by experts in their respective fields, 4 technical sessions on emerging
research areas, 4 special sessions on Crowd Decision Making and Crowd Computing & Human
Computation for Ageless Aging, and a number of Poster/Demo/Exhibition sessions.
ICCSE 2016 would like to thank the authors in our and nearby communities for submitting a large
number of top quality papers and the PC members, Session Chairs, International Advisory Committee
and Organizing Committee members for their great contributions to ensure the success of the conference.
ICCSE 2016 also thanks The University of British Columbia for providing the conference venue.

ICCSE 2016 General Chairs
Cyril Leung (The University of British Columbia, Canada)
Chunyan Miao (Nanyang Technological University, Singapore)
Chengqi Zhang (University of Technology Sydney, Australia)
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International Advisory Committee
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USA

Prof Yueting Chai

Prof Qiang Yang
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China

Hong Kong University of Science and
Technology, Hong Kong

Prof Xiaoming Li

Prof Ah-Hwee Tan
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China
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Organizing Committee
General Chairs
Cyril Leung, The University of British Columbia, Canada
Chunyan Miao, Nanyang Technological University, Singapore
Chengqi Zhang, University of Technology Sydney, Australia

Programme Committee (PC) Chair
Bo An, Nanyang Technological University, Singapore

PC Vice-Chairs
Dong Xu, University of Sydney, Australia
Takayuki Ito, Nagoya Institute of Technology, Japan
Yiqiang Chen, University of Chinese Academy of Sciences, China
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Finance Chairs
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Liang Zhang, Nanyang Technological University, Singapore
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Zhiqi Shen, Nanyang Technological University, Singapore
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Di Wang, Nanyang Technological University, Singapore
Simon Fauvel, Nanyang Technological University, Singapore
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Jane Wang, The University of British Columbia, Canada

Publicity Chairs
Jun Lin, Nanyang Technological University, Singapore
Lizhen Cui, Shandong University, China

Publication Chairs
Baowei Sun, Central University of Finance and Economics, China
Minting Huang, Nanyang Technological University, Singapore

Webmaster, Registration, enquiries & special requests
Jun Lin, Nanyang Technological University, Singapore

Awards Committee Chairs
Thomas W. Calvert, Simon Fraser University, Canada
Yonggang Wen, Nanyang Technological University, Singapore
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Conference Program (25th-27th July 2016)
Monday, July 25, 2016 (MCLD 214, Macleod Building, UBC)
9:00 AM-17:45 PM
15:00 PM-16:30 PM
16:30 PM-17:00 PM
17:00 PM-17:45 PM

Registration (MCLD 214)
Tutorial I and II
Tea Break
Tutorial III

Tuesday, July 26, 2016 (KAIS 5530, Kaiser Building, UBC)
9:00 AM-16:30 PM
10:00 AM-15:00 PM
17:30 PM-21:00 PM

Registration (KAIS Lobby)
UBC Campus Visit
Welcome Reception (KAIS 5530)

Wednesday, July 27, 2016 (ESB 1013, Earth Sciences Building, UBC)
9:00 AM-10:00 AM
10:00 AM-10:30 AM
10:30 AM-12:00 PM
12:00 PM-13:00 PM
Lunch Time
13:00 PM-14:30 PM
14:30 PM-15:00 PM
15:00 PM-16:30 PM
Evening

Welcome Speech/Opening Address
Tea Break
Technical Sessions (Full/Short)
Poster/Demo/Exhibition
in conjunction with lunch session
Joint NTU-PKU Workshop on Crowd Wisdom for Healthy Living
and Life-Long Learning (Session I)
Tea Break
Joint NTU-PKU Workshop on Crowd Wisdom for Healthy Living
and Life-Long Learning (Session II)
Vancouver Summer Fireworks (free and easy)
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Conference Program (28th-30th July 2016)
Thursday, July 28, 2016 (ESB 1013, Earth Sciences Building, UBC)
9:00 AM-10:00 AM
10:00 AM-10:30 AM
10:30 AM-12:00 PM
12:00 PM-13:00 PM
Lunch Time
13:00 PM-14:30 PM
14:30 PM-15:00 PM
15:00 PM-16:30 PM
18:30 PM-21:30 PM

Keynote (Chunyan Miao)
Tea Break
Technical Sessions (Full/Short)
Poster/Demo/Exhibition
in conjunction with lunch session
Special Session on Crowd Decision Making (Session I)
Tea Break
Special Session on Crowd Decision Making (Session II)
Award Banquet

Friday, July 29, 2016 (ESB 1013, Earth Sciences Building, UBC)
9:00 AM-10:00 AM
10:00 AM-10:30 AM
10:30 AM-12:00 PM
12:00 PM-13:00 PM
Lunch Time
13:00 PM-14:30 PM
14:30 PM-15:00 PM
15:00 PM-16:30 PM

Keynote (Andrew Mao)
Tea Break
Technical Sessions (Full/Short)
Poster/Demo/Exhibition
in conjunction with lunch session
Special Session on Crowd Computing and Human Computation for
Ageless Aging (Session I)
Tea Break
Special Session on Crowd Computing and Human Computation for
Ageless Aging (Session II)

Saturday, July 30, 2016 (ESB 1013, Earth Sciences Building, UBC)
9:00 AM-10:00 AM
10:00 AM-10:30 AM
10:30 AM-12:00 PM
12:00 PM-13:00 PM
Lunch Time
13:00 PM-16:30 PM
Evening

Keynote (Kevin Leyton-Brown)
Tea Break
Technical Sessions (Full/Short)
Conference Room
Poster/Demo/Exhibition in conjunction with lunch session
Open Networking/Discussion
Vancouver Summer Fireworks (free and easy)
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Keynotes
Chunyan Miao
Director, NTU-UBC Research Centre of Excellence in Active Living for the
Elderly & Professor, School of Computer Science and Engineering, Nanyang
Technological University, Singapore

Title: Unobtrusive Crowd Sensing and Gamification for
Ageless Ageing
Thursday, July 28, 2016
9:00 AM - 10:00 AM

Abstract:
In recent years, interactive digital games are starting to move from mainly relying on the mouse and
keyboard for user inputs towards using body movements as inputs. Examples of such game platforms
include the Nintendo Wii, the Microsoft Kinect, and the Leap Motion device. These devices have changed
the nature of computer games to make it possible for people who are not technically savvy, such as senior
citizens, to enjoy the game play experience. Researchers are starting to leverage body gesture-based
games to unobtrusively study the progression of medical conditions and long term individual wellness
trends. Many interesting results have emerged.
In this presentation, I will share with the audience on some of the methods, results and lessons learnt from
our research in wellness games and aging-in-place IoT technologies for senior citizens. I will draw upon
the research experience from the Joint NTU-UBC Research Centre of Excellence in Active Living for the
Elderly (LILY), Singapore, to illustrate how technologies could help to advance the field of personalized
healthcare at a population scale.
LILY focuses on applying research advances in Artificial Intelligence, Human Computation, Data
Analytics and Digital Media for helping senior citizens. An impactful example of LILY’s innovative
research which exploits the combined power of AI, human wisdom and data analytics is an engaging
game for health and wellness – Pumpkin Garden. It is a population level screening and rehabilitation
game for neurodegenerative diseases such as Parkinson and dementia. In this game, data are continuously
collected and analyzed to provide health professionals with insights into the progress of their patients. I
will also introduce one of our latest works in using motor patterns for stroke detection and rehabilitations.

Biography:
Dr Chunyan Miao is an Associate Professor in the School of Computer Science and Engineering,
Nanyang Technological University and the Director of the Joint NTU-UBC Research Centre of
Excellence in Active Living for the Elderly (LILY) co-initiated by IDMPO/NRF, MDA, NTU and UBC.
Over the last ten years, she has successfully led a number of national research projects in AI, intelligent
interactive digital media, smart health, data analytics, aging in place, ageless aging design & technologies
with funding from both government agencies and industry.
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Keynotes
Andrew Mao
Researcher, the Computational Social Science group, Microsoft Research

Title: Studying Teamwork and Cooperation in the
Virtual Lab
Friday, July 29, 2016
9:00 AM - 10:00 AM

Abstract:
For decades, physical behavioral labs have been a primary, yet limited, method for controlled
experimental studies of human behavior. Now, software-based "virtual labs" on the Internet allow for
studies of increasing complexity, size, and scope. In this talk, I highlight the potential of virtual lab
experiments for studying social interaction and coordination. First, we explore collective intelligence and
digital teamwork in "crisis mapping", where digital volunteers organize to assess and pinpoint damage in
the aftermath of humanitarian crises. By simulating a crisis mapping scenario to study self-organization in
teams of varying size, and find a tradeoff between individual effort in small groups and collective
coordination in larger teams. We also conduct a study of cooperation in a social dilemma over a month of
real time, using crowdsourcing participants to overcome the time constraints of behavioral labs. Our study
of about 100 participants over 20 consecutive weekdays finds that a group of resilient altruists sustain a
high level of cooperation across the entire population. Together, our work motivates the potential of
controlled, highly instrumented studies of social interaction; the importance of behavioral experiments on
longer timescales; and how open-source software both can speed up the iteration and improve the
reproducibility of experimental work.
* based on joint work with Lili Dworkin, Winter Mason, Siddharth Suri, and Duncan Watts.

Biography:
Andrew Mao is currently a postdoctoral researcher in Computational Social Science at Microsoft
Research in NYC. He received his PhD from Harvard University in 2015. His research focuses on
studying collective intelligence and social interaction on the Internet, such as teamwork in online
communities and coordination in crowdsourcing systems. Andrew specializes in designing and gathering
data from real-time, interactive, web-based behavioral experiments, and he is the designer of TurkServer
(http://turkserver.readthedocs.io/), an open-source platform for building such experiments. He received
the Yahoo! Key Scientific Challenges award in 2011.
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Keynotes
Kevin Leyton-Brown
Professor, Computer Science, University of British Columbia,
Canada

Title: Peer Grading: From Theory to Practice
Saturday, July 30, 2016
9:00 AM - 10:00 AM

Abstract:
This talk describes a research effort on the peer grading problem, running the gamut from theory to
practice. First, I'll describe a theoretical investigation of different approaches to incentivizing students to
invest the effort to perform thoughtful and honest peer evaluations. One promising approach is to draw on
the large literature on so-called "peer prediction". The mechanisms proposed in this literature can
incentivize truth telling in equilibrium, but also give rise to equilibria in which agents do not pay the costs
required to evaluate accurately, and hence fail to elicit useful information. We show that this problem is
unavoidable whenever agents are able to coordinate using low-cost signals about the items being
evaluated (e.g., superficially glancing at the text to be graded, focusing on grammar and formatting).
The second part of the talk will describe our experiences with using this simpler mechanism in practice.
No existing peer review software made it possible to leverage TA grades, so we built our own, which we
called "Mechanical TA" and published as open-source software. In this system, human TAs both evaluate
the peer reviews of students who have not yet demonstrated reviewing proficiency and spot check the
reviews of students who have. Mechanical TA also features "calibration" reviews, allowing students to
quickly gain experience with the peer-review process. We used Mechanical TA for three years to run
weekly essay assignments in a class of about 70 students, a course design that would have been
impossible if every assignment had had to be graded by a TA. We show evidence that Mechanical TA
helped to support student learning, leading us to believe that it may also be useful to others.

Biography:
Kevin Leyton-Brown is a professor of computer science at The University of British Columbia. He holds
a PhD and M.Sc. from Stanford University (2003; 2001) and a B.Sc. from McMaster University (1998).
He studies the intersection of computer science and microeconomics, addressing computational problems
in economic contexts and incentive issues in multiagent systems. He also applies machine learning to the
automated design and analysis of algorithms for solving hard computational problems.
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Tutorials
Tutorial I
Title: Incentives and Mechanism Design for Human Computation Systems
Date and Time: Monday, 25 July 2016, 15:00pm to 15:45pm
Location: MCLD 214, Macleod Building, 2356 Main Mall, UBC
Presenter: Simon Fauvel, NTU LILY Research Centre

Abstract:
Human computation systems (HCSs) have gained tremendous popularity in the last decade. Their primary
purpose is to offer an ecosystem that harnesses human intelligence to solve computational problems that
modern computers cannot solve alone. One of the main challenges in ensuring the success and sustainable
operation of HCSs is how to incentivize a broad range of users to participate in the system and provide
their best efforts. In this tutorial, we will discuss HCSs from the perspective of incentives and mechanism
design. We will take a look at the different kinds of HCSs, focusing on how incentives are provided to
users in these systems. We will then explore mechanisms derived from state-of-the-art HCSs as well as
classic mechanisms that have been successfully deployed in HCSs. We will also explore how game theory
tools can be used to theoretically analyse the strength of different incentives. Finally, we will outline a
few potential research directions in this field.

Presenter Bio:
Simon Fauvel is an electrical and computer engineer from Montréal, Canada. He obtained his B. Eng.
from McGill University, Montréal, Canada and his MASc from The University of British Columbia,
Vancouver, Canada. He is currently a research engineer in the Joint NTU-UBC Research Centre of
Excellence in Active Living for the Elderly (LILY), Singapore. His broad research interests are in the
fields of signal processing, artificial intelligence and data mining for learning at scale and ageless aging.
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Tutorials
Tutorial II
Title: Deep Learning Meets Signal Processing
Date and Time: Monday, July 25, 15:45pm to 16:30pm
Location: MCLD 214, Macleod Building, 2356 Main Mall, UBC
Presenter: Angshul Majumdar, IIIT-Delhi

Abstract:
Deep learning has recently attracted a lot of attention from academia and industry. It has been highly
successful in applications ranging from speech processing to computer vision to information retrieval.
Dictionary learning on the other hand has been successful in solving inverse problems (arising in signal
processing) and learning problems (arising in computer vision). In general, both deep learning and
dictionary learning fall under the broader purview of representation learning. In this talk, we briefly
review these two topics; we will see how they are connected. Building on these connections, we will
show how deeper architectures can be built from dictionary learning.
Presenter Bio:
Angshul Majumdar did his Master's and Ph.D. at The University of British Columbia in 2009 and 2012
respectively. He did his Bachelor's from Bengal Engineering College, Shibpur. Currently he is an
assistant professor at Indraprastha Institute of Information Technology, Delhi. His research interests are
broadly in the areas of signal processing and machine learning. He has co-authored over 120 papers in
journals and reputed conferences. He is the author of Compressed Sensing for Magnetic Resonance Image
Reconstruction published by Cambridge University Press and co-editor of MRI: Physics, Reconstruction
and Analysis published by CRC Press. He is currently serving as the chair of the IEEE SPS Chapter's
committee and the chair of the IEEE SPS Delhi Chapter.
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Tutorials
Tutorial III
Title: Wearable Computing for e-Health
Date and Time: Monday, July 25, 17:00pm to 17:45pm
Location: MCLD 214, Macleod Building, 2356 Main Mall, UBC
Presenter: Yiqiang Chen, Chinese Academy of Sciences

Abstract:
E-health is one of the most life critical application domains for wearable computing. It is going to be a
new frontier of research and development which brings a lot of challenges in unobtrusive sensing, high
accuracy wearable recognition model and cognitive e-Health applications. In this talk, the main
challenges in wearable computing technologies for e-Health will be analyzed first. Then, several related
research topics will be introduced in detail, including wearable unobtrusive sensing, light-weight and
robust incremental recognition model and motor pattern mining for brain diseases. At last, one integrated
system named WearableHUB for healthcare provision for senior citizens will be introduced.
Presenter Bio:
Dr Yiqiang Chen is a Professor and the Founding Director of the Pervasive Computing Research Center,
Institute of Computing Technology (ICT), the Chinese Academy of Sciences. He received his PhD degree
from ICT in 2002. In 2004, he was a Post-Doctoral in the Department of Computer Science, Hong Kong
University of Science and Technology (HKUST). His research focuses on human computer interaction
and pervasive computing and wearable computing, especially on cognitive wearable computing--learning
and understanding human behaviors (physiological, gesture, activity and context etc) in unobtrusive way.
He has published over 100 papers in ACM/IEEE TMC, TKDE, TNN, TIST, TCSVT and PR, as well as
International conferences such as ACM Multimedia, Ubicomp, AAAI, IJCAI, and PerCom. He has also
initiated several collaborations with large multinational corporations such as Huawei, Legend, Changhong
(the biggest TV manufacturer in China) and France Télécom (the biggest telecom company in France).
His research works have been translated into several real world applications and are wildly used in China.
One of them is the Multimodal Chinese Sign Language Interaction system which has been used in over
1,000 schools for the hearing impaired and several TV stations around China. He has many received
international accolades including Best Paper/Contest/Video/Poster Awards, including PRICAI’05 、
Gamenet’14 ICDM’07 and AAAI-16, etc. He is the chair of the Wearable Multimedia Technical
Committee of the National Audio-Video Standard Group which is responsible for the wearable e-Health
data exchange standard in China, and also a TC member of IEEE MSA and IEEE IWCD.

© 2016, Association for Crowd Science and Engineering (ACE). All rights reserved.

14

Proceedings of the 2016 International Conference on
Crowd Science and Engineering (ICCSE 2016)

Awards
BEST PAPER AWARDS
Crowd Science and Engineering: Concept and Research Framework
Yueting Chai, Chunyan Miao, Sun Baowen, Yongqing Zheng and Qingzhong Li

Towards Intelligent Crowd Decision Support: A Preliminary Result on Large-scale Discussion Suppor based on the
Discussion Tree
Akihisa Sengoku,Takayuki Ito, Katsuhide Fujita, Shun Shiramatsu, Takanori Ito and Eizo Hideshima

Crowd Wisdom Drives Intelligent Manufacturing
Jiaqi Lu, Shijun Liu, Lizhen Cui, Li Pan and Lei Wu

Modeling of Crowd Science Network: An Approach Based on Cyber-Anima
Jianping Shen, Yadong Huang and Yueting Chai

Towards Data-driven Software Engineering Skills Assessment
Jun Lin, Han Yu, Zhengxiang Pan, Zhiqi Shen and Lizhen Cui

BEST STUDENT PAPER AWARDS
Computerizing More Repeatable Trail Making Test for Longitudinal Cognitive Assessment
Zhiwei Zeng, Chunyan Miao, Cyril Leung and Zhiqi Shen

Motivation Mechanism of Gamification in Crowdsourcing Projects
Zhiyuan Zeng, Jian Tang and Tianmei Wang

BEST POSTER AWARDS
Efficient Crowd-Powered Active Learning for Reliable Review Evaluation
Xinping Min, Lizhen Cui, Qingzhong Li and Han Yu
Game Theoretical Approach to Prevent Illegal Network Flow
Qingyu Guo, Bo An and Yair Zick
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Accepted Papers
An Approach to Discussion Facilitators' Action Selection based on Expected Utility Calculated with Random Forest
Regression
Shun Shiramatsu and Yuto Ikeda
Automatic Headline Generation using Templates for Electronic Discussion Bulletin Board in Japanese
Katsuhide Fujita and Ryosuke Watanabe
Collaborative Innovation Modes for Small and Micro Enterprises
Aidan Li, Shuangxi Huang and Yueting Chai
Computerizing More Repeatable Trail Making Test for Longitudinal Cognitive Assessment
Zhiwei Zeng, Chunyan Miao, Cyril Leung and Zhiqi Shen
Crowd Computing for Population Aging Challenges
Han Yu, Zhengxiang Pan, Chunyan Miao and Cyril Leung
Crowd Science and Engineering: Concept and Research Framework
Yueting Chai, Chunyan Miao, Sun Baowen, Yongqing Zheng and Qingzhong Li
Crowd Wisdom Drives Intelligent Manufacturing
Jiaqi Lu, Shijun Liu, Lizhen Cui, Li Pan and Lei Wu
Design on Information Providing Service for Temporary Organizations
Tetsuya Oishi, Rieko Fujita and Tokuro Matsuo
Design Tradeoffs for Cloud-Based Ambient Assisted Living Systems
Yi Dong, Yonggang Wen, Han Hu, Chunyan Miao and Cyril Leung
Distributed ACO Based on Crowdingsourcing Model for Multiobjective Problem
Jiaqi Lu, Li Pan and Shijun Liu
Efficient Crowd-Powered Active Learning for Reliable Review Evaluation
Xinping Min, Lizhen Cui, Qingzhong Li and Han Yu
ETTF: A Trusted Trading Framework Using Blockchain in E-commerce
Xinping Min, Qingzhong Li, Lei Liu and Lizhen Cui
Evaluating Complex Task through Crowdsourcing: Multiple Views Approach
Lingyu Lyu and Mehmed Kantardzic
Familiarity Design in Exergames for Elderly
Hao Zhang, Chunyan Miao and Di Wang
Investigating the Influences of Gamification in Citizen Science Systems: A Motivational Affordances Perspective
Jian Tang and Yuxiang Zhao
Modeling of Crowd Science Network: An Approach Based on Cyber-Anima
Jianping Shen, Yadong Huang and Yueting Chai
Motivation Mechanism of Gamification in Crowdsourcing Projects
Zhiyuan Zeng, Jian Tang and Tianmei Wang
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Accepted Papers
Research on the Characteristics and Operation Mechanism of the Maker Space in the Perspective of Complex Adaptive
System
Xiao Hou, Xin Jin and Jing Wu
Role Fulﬁlment Model for Motivating Participation in Mundane Crowdsourcing Tasks
Xinjia Yu, Chunyan Miao, Cyril Leung and Charles Thomas Salmon
Role of Human Emotions in Social Influence
Pankaj Mishra, Rafik Hadfi and Takayuki Ito
Sharing Economy: Sustainable Development Driven by Internet
Xinyue Zhu, Rong Guo and Xuankai Zhao
The existence of herding in P2P lending and the rationality of it - An empirical study from China
Xiangyu Wang and Yan Tu
Toward a Multiagent Reinforcemnet Learning Approach for Cooperative Game Playing with Users on a Sugoroku-like
Board Game
Kihaya Sugiura and Naoki Fukuta
Towards Age-friendly E-commerce Through Crowd-improved Speech Recognition, Multimodal Search, and Personalized
Speech Feedback
Lei Meng, Quy Hy Nguyen, Xiaohai Tian, Zhiqi Shen, Eng Siong Chng, Yunqing Guan, Chunyan Miao and Cyril Leung
Towards Data-driven Software Engineering Skills Assessment
Jun Lin, Han Yu, Zhengxiang Pan, Zhiqi Shen and Lizhen Cui
Towards Intelligent Crowd Decision Support: A Preliminary Result on Large-scale Discussion Suppor based on the
Discussion Tree
Akihisa Sengoku, Takayuki Ito, Katsuhide Fujita, Shun Shiramatsu, Takanori Ito and Eizo Hideshima
Understanding the Factors that Influence the Implemented New Product Ideas in Organization’s Crowdsourcing
Communities
Qian Liu and Bao Wen Sun
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An Approach to Discussion Facilitators’ Action
Selection based on Expected Utility Calculated with
Random Forest Regression
∗ Department

Shun Shiramatsu∗ , Yuto Ikeda∗
of Computer Science, Nagoya Institute of Technology, Nagoya 466–8555, Japan

Abstract—Although facilitation is important in large-scale
consensus building, keeping Web-based discussions as productive
as face-to-face discussions is sometimes difficult. We focus on facilitators’ action selection on a Web-based forum system. Clarifying
the principle of facilitators’ action selection is needed for alleviating cognitive loads of human facilitators during Web-based
discussion. We assume that a facilitator selects an action that
maximizes expected utility corresponding to his/her intention.
This paper particularly discribes a particular utility function,
i.e., the number of non-facilitators’ utterances in succeeding
utterances within a certain period of time, corresponding to a
facilitators’ intention to promote active discussion. The expected
utility can be estimated with Random Forest Regression trained
by a discussion corpus. The experimental results showed that
actions selected by the expected utility were consistent with the
intention represented by the expected utility. However, human
facilitators’ actual actions were not consistent with the actions
selected by the expected utility. These results indicated that we
need to investigate facilitators’ diverse intentions through trying
diverse utility functions.

I.

I NTRODUCTION

Although Web-based discussion support systems have major potential for large-scale public involvement, keeping Webbased discussions as productive as face-to-face discussions is
sometimes difficult. Discussion facilitators play an important
role in keeping public debate productive and in building better
consensus because diverse stakeholders addressing public issues generally have diverse viewpoints. This diversity should
be increased as more people participate using the Web. This is
an important problem to be addressed for achieving large-scale
crowd decision making.
We aim to develop autonomous facilitator agents to lead
better quality of consensus building. We particularly consider
the action selection of the facilitator agents. Clarifying the
principle of facilitators’ action selection is needed for alleviating cognitive loads of human facilitators on Web-based
discussion. In our previous work [1], we statistically analyzed
facilitators’ utterances to investigate what kind of linguistic
expressions are used for facilitation in Web-based discussion.
This statistical analysis used a corpus of Web-based discussion
that is collected by using a Web-based forum system called
COLLAGREE [2], [3]. In this paper, we also use this discussion corpus.
To generate autonomous facilitators’ utterances, we needed
to clarify the following five criteria through analyzing the
actual facilitators’ utterances.

•

Why: Why the facilitator says it, i.e., the intention
or purpose of the facilitator’s action.

•

What: What the facilitator says, i.e., the semantic
content of the facilitator’s utterance.

•

How: How the facilitator says it, i.e., the linguistic
expression of the facilitator’s utterance.

•

When: When the facilitator says it, i.e., the timing
of the facilitator’s action.

•

Whom: To whom the facilitator sayz it, i.e., the target
of the facilitator’s utterance.

The action selection of facilitator, the focus in this paper,
is related to “Why,” “What,” and “When.” The intention or
purpose of facilitators’ action, i.e., “Why,” can be dealt with
using an expected utility function corresponding to his/her
intention or purpose. The semantic content of facilitators’
utterance, i.e., “What,” can be dealt with using our definition
of eight types of facilitators’ utterances while referring to
our previous work [1]. The timing of facilitators’ action, i.e.,
“When,” can be dealt with by preparing the action type to wait.
The timing of when the expected utility of waiting becomes
lower than that of other actions is the timing to say something.
II.

ACTION S ELECTION BASED ON E XPECTED U TILITY

If we can define and calculate a metric for quality of
consensus in discussion, such a metric can be used as an
utility function of discussion facilitators. If it can be calculated
and accurately predicted, even the intention or purpose of the
facilitators’ actions can be selected according to the expected
utility. However, defining it for the quality of consensus is a
quite difficult and far-reaching challenge.
A. Candidate Utility Function
As a realistic approach, we consider using easily observable
metrics as a utility function of facilitators. Our proposed model
assumes that the facilitator can use different utility functions
depending on his/her intention, e.g., promoting diversity of
idea viewpoints, promoting integration of ideas, or promoting
participants’ mutual understanding. Facilitators select their
actions according to the expected utility of the candidate
actions.
For example, such easily observable metrics can be enumerated as follows.
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1)

2)

3)

4)

5)

Number of non-facilitators’ utterances in succeeding utterances within a certain period of time.
This metric can be selected as a utility function when
facilitators intend to promote active discussion.
Number of different non-facilitators in succeeding
utterances within a certain period of time. This
metric can be selected as a utility function when facilitators intend to promote the diversity of participants.
Number of novel terms in succeeding utterances
within a certain period of time. This metric can
be selected as a utility function when facilitators
intend to promote the completeness or diversity of
participants’ viewpoints.
Increase in the content similarities among utterance sets for each non-facilitator in succeeding
utterances within a certain period of time. This
metric can be selected as a utility function when facilitators intend to promote the mutual understanding
of participants.
Ratio of positive expressions in succeeding utterances within a certain period of time. This metric
can be selected as a utility function when facilitators
intend to promote positive discussion.

Metrics (3) and (4) are inspired by Takahashi et al. [4], who
deal with an incentive mechanism for discussion participants
in the COLLAGREE system.
In this paper, we particularly focus on metric (1), i.e., the
number of non-facilitators’ utterances in succeeding utterances
within a certain period of time, because this metric is considered to be the simplest to analyze, predict, and interpret among
these five examples.
B. Notation and Formulation
Hereafter, let A = {Wait, utyp 1 , utyp 2 , · · · } be a set of
facilitators’ candidate actions where Wait refers to posting
nothing and utyp i refers to posting the i-th utterance type. We
assume that a facilitator agent can choose an action a ∈ A
while maximizing the expected utility EU t (a) at time t.

TABLE I.
Action type
Wait
Post something
Summarization
(utyp 1 )

EU t (a) =

71

Paraphrase
(utyp 3 )
Gratitude
(utyp 4 )
Compliment
(utyp 5 )
Agreement
(utyp 6 )
Prompting
(utyp 7 )
Questioning
(utyp 8 )

32

Other
(utyp 9 )

184

xP (Ut (a) = x|st ) dx,

(1)

where Ut (a) is a utility of action a from the viewpoint of
facilitation and st is a situation at time t, i.e., a vector of
preceding contextual features at time t.
The utility Ut (a) can be estimated using regression analysis
because an observable metric is used as Ut (a) in this paper.
Explanatory variables of regression are features represening sy
and a. The probability P (Ut (a) = x|st ) can be estimated from
distributions of residual errors of the regression analysis.
Ut (a) =
EU t (a) =
=

yt (a) + ϵ
∫ +∞
(yt (a) + ϵ)P (ϵ) dϵ
−∞
∫ +∞
yt (a) +
ϵP (ϵ) dϵ,
−∞

56
28
36
92
97

(2)

(3)

Feature expressions
(Morpheme N-grams in Japanese)
–
–
SHUYAKU SHI MASHI TA
GIRON NO MATOME DESU
NITSUITE MATOME MASHI TA
TAISEKI SHI MASU
TAISHUTSU SHI MASU
ASHITA MO YOROSHIKU ONEGAI SHI MASU
TOIU KOTO DESU NE
RIKAI DE YOROSHII DESHOU KA
ARIGATOU GOZAI MASU
GO IKEN ARIGATOU GOZAI MASU
SUTEKI DESU NE
II DESU NE
SOU DESU NE
OSSHARU YOU NI
GO IKEN O
OMACHI SHI TE ORI MASU
DONO YOU NA
NO DE SHOU KA
DONNA MONO GA
–

where let yt (a) is a predicted value
∫ +∞ by regression and ϵ is a
residual error. That is, the term −∞ ϵP (ϵ) dϵ is the expected
value of residual error.
C. Action Types
The set of action types A = {Wait, utyp 1 , utyp 2 , · · · }
are determined by referring to our previous work [1]. Table I
shows action types including eight types of facilitators’ utterance. These eight utterance types (Summarization, Greeting,
Paraphrase, Gratitude, Compliment, Agreement, Prompting,
and Questioning) are derived from feature expressions of
facilitators’ utterances extracted from the discussion corpus in
a statistical way. The column “Samples” means the number of
samples for each action type. These eight types are not disjointed because one facilitator’s utterance can contain multiple
feature expressions.
III.

+∞

−∞

717
506
37

Greeting
(utyp 2 )

The expected utility EU t (a) can be calculated as
∫

Samples

ACTION T YPES

E XPERIMENTS

In this paper, we conducted preliminary experiments regarding metric (1) as a utility function. This utility function, the
number of non-facilitators’ utterances in succeeding utterances
within a certain period of time, corresponds to facilitators’
intention to promote active discussion.
In the experiments, we used the discussion corpus gathered
on COLLAGREE in a social experiment in 2013. This corpus
consists of 1223 utterances written in Japanese posted by 266
participants. Each utterance consists of one or more sentences
and belongs to a particular discussion thread. The total number
of discussion threads is 214. The utterance set contains 506
utterances posted by nine facilitators.
A. Feature Selection for Regression
To apply regression analysis, feature selection for representing the action type a and the situation st is needed. We
selected 276 features (explanatory variables) for regression
analysis, i.e., ten binary features for a (Wait, Summarization, Greeting, Paraphrase, Gratitude, Compliment, Agreement,
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Prompting, and Questioning), six quantitative features for st ,
and 260 binary features as feature expressions for st .
We used Random Forest [5] for regression analysis because
it is robust against multicollinearity and can deal with a lot
of explanatory variables (features). Random Forest Regression
is one of the ensemble machine learning algorithms that
generates a lot of regression trees while randomly choosing a
small set of features. In concrete terms, we use the R package
“randomForest” [6], the implementation of the Random Forest
algorithm on the statistical software R.

means that most samples were classified into “Wait.” Only
a few samples were classified into the eight utterance types.
Intrinsically, the facilitators’ action selection is not a suitable
application of classification because it cannot be divided into
a correct action and an incorrect one.
TABLE II.

timeint: Time interval from the latest utterance posted
by non-facilitators

•

timeint faci: Time interval from the latest utterance
posted by facilitators

•

lastlen: Number of morphemes included in the latest
utterance posted by non-facilitators

•

precutt: Number of non-facilitators’ utterances in the
preceding context

•

precutt faci: Number of facilitators’ utterances in the
preceding context

•

partnum: Number of non-facilitator participants in
the preceding context

•

fi : Feature expressions (morpheme N-grams) included
in the latest utterance posted by non-facilitators

Although the former six features are one-dimensional and
quantitative features, the last one, feature expressions in the
latest utterance, corresponds to over a thousand binary dimensions representing the appearance of over a thousand feature
expressions.
For the experiments, we selected 260 feature expressions
using the information gain (IG) calculated as follows.
IG(C|Fi ) = H(C) − H(C|Fi ),

(4)

with
H(C) = −p(c+ ) log p(c+ )−p(c− ) log p(c− ),
(5)
H(C|Fi ) = −p(c+ |fi+ ) log p(c+ |fi+ )−p(c− |fi+ ) log p(c− |fi+ )
−p(c+ |fi− ) log p(c+ |fi− )−p(c− |fi− ) log p(c− |fi− ),(6)

where C = {c+ , c− }, c+ is an immediate action type of
facilitator, c− is a comlement set of c+ , F = {fi+ , fi− }, fi+
is a latest utterance including feature expression fi , fii is a
complement set of fi+ , and H(·) denotes an entropy function.
We selected fi where IG(C|Fi ) ≥ 0.0025 for at least one
action type. The number of selected feature expressions was
260.

THE

RANDOM FOREST CLASSIFICATION

Action type
Wait
Post something
Summarization
Greeting
Paraphrase
Gratitude
Compliment
Agreement
Prompting
Questioning
Other
All data

Contextual features representing st , the situation at time t,
are extracted from the preceding context at t in a discussion
thread. The features for st are listed as follows.
•

ACCURACY OF CLASSIFICATION RESULTS USING

Precision(%)
69.8
31.5
0
0
0
40
100
60
0
22.2
32.1
61.8

Recall(%)
94.3
15.8
0
0
0
5.4
8.7
10.3
0
7.1
36.4
–

C. Calculating Expected Utility

∫ +∞
In Equation (3), the term −∞ ϵP (ϵ) dϵ denotes the
expected value of the residual errors. Calculating an expected
utility requires a predicted value of the utility yt (a) and the
expected residual error.
First, parameter settings are needed for the regression of
the utility Ut (a), i.e., the number of non-facilitators’ utterances
in succeeding utterances within a certain period of time.
We empirically set “a certain period of time” to ten hours.
Parameters ntree , the number of regression trees, and mtry ,
the number of features randomly chosen, also need to be
determined for the Random Forest. Figures 1 and 2 show
the change in prediction ability of the obtained regression
model when varying these two parameters. Both the correlation
coefficient and the root mean squared errors (RMSE) became
best when ntree = 600 and mtry = 20.
Figure 3 shows the correlation between the actual utilities
and the predicted ones. The correlation coefficient +0.796
shows a relatively high ability of the regression model to
predict the utility.
TABLE III.

F ITNESS OF THE REGRESSION MODEL : THE CORRELATION
COEFFICIENTS AND THE ROOT MEAN SQUARED ERRORS (RMSE) FOR
EACH ACTION TYPE OF FACILITATORS

B. Classification Trial
Before the regression experiment, we tried to classify the
action types using the Random Forest Classification with the
276 features. Table II shows the results of the classification
accuracy. The high recall and middle precision of “Wait”
© 2016, Association for Crowd Science and Engineering (ACE). All rights reserved.

Action type
Wait
Post something
Summarization
Greeting
Paraphrase
Gratitude
Compliment
Agreement
Prompting
Questioning
Other
All data

Correlation
+0.738
+0.802
-0.332
+0.802
+0.527
+0.737
+0.870
+0.539
+0.814
+0.748
+0.853
+0.796

RMSE
1.83
1.26
0.98
0.80
1.36
1.05
1.39
0.94
1.34
1.79
1.17
1.62
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TABLE IV.

Fig. 1. Correlation coefficients by varying the number of regression trees
and number of variables randomly sampled

Rank
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
21
22
65
92
102
104
141
155
167

I MPORTANCE OF FEATURES IN
R EGRESSION

THE

Feature
a: Other
lastlen
timeint
timeint faci
precutt faci
a: Wait
precutt
fi : “DA TO OMOI MASU”
fi : “KAIGAI KARA NO”
fi : “SUNDE IRU”
fi : “NO DE SHOU KA”
fi : “KOEN YA DOURO NO”
fi : “GA HITSUYOU DA TO”
fi : “SUSUME MASU TO”
fi : “DOU DE SHOU KA”
a: Questioning
partnum
a: Prompting
a: Compliment
a: Agreement
a: Greeting
a: Gratitude
a: Paraphrase
a: Summarization

R ANDOM F OREST

Importance
366.57
359.24
330.45
317.99
308.22
295.07
165.15
86.68
70.98
68.08
66.04
64.99
64.52
64.43
63.23
54.68
54.27
29.72
19.66
17.39
16.80
9.57
8.40
6.95

facilitators’ summarization. It is not a major problem because
the RMSE in summarization samples is less than 1, that is,
equivalent legel of other action types.

Fig. 2. Root mean squared errors by varying the number of regression trees
and number of variables randomly sampled

Table IV shows the importance of features in the Random
Forest Regression. The result indicates that the contextual
features extracted from the preceding context relatively contributed to predicting the number of succeeding utterances.
In the action types, “Other,” “Wait,” and “Questioning” were
relatively important.
The expected residual error is calculated for each action
type because the differences between action types need to be
considered when comparing action types by EU t (a). Figure
4 shows the probability distribution of the residual errors for
each action type. The expected residual errors are calculated
from this probability distribution as shown in Table V. This
result shows the expected utilities of “Wait” and “Questioning”
relatively increased above the utility predicted by the regression analysis.

Fig. 3.
Correlation between the actual measured counts of succeeding
utterances and predicted values

Table III shows more detailed results for each action type of
facilitators. The action types “Wait,” “Greeting,” “Gratitude,”
“Compliment,” “Prompting,” and “Questioning” resulted in a
relatively high fitness of the regression model. It’s notable
that the action type “Summarization” shows a totally different
result, i.e., a negative correlation coefficient. This difference is
because non-facilitators’ generally make few utterances after

We calculated EU t (a) for all action types a and compared action types by EU t (a) for each sample. Table VI
shows frequencies where an action type a was top-ranked by
EU t (a). These results indicated that when facilitators intend
to promote active discussion, only “Wait,” “Questioning,” and
“Promoting” are selected by the expected utility. Moreover,
the frequency where the expected utility selected to post
“Questioning” of “Promoting” was only 41 times. In most
cases (1,147 samples), the expected utility selected “Wait,” i.e.,
to say nothing. These results are consistent with the tendency
of the training corpus because the average utility of “Wait”
is greatest and that of “Questioning” is greater than that of
other utterance types, as shown in Table VII. These results are
also consistent with the intention to promote active discussion
corresponding to the utility function. However, the selected
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TABLE V.

E XPECTED RESIDUAL ERROR FOR EACH

Action type
Wait
Post something
Summarization
Greeting
Paraphrase
Gratitude
Compliment
Agreement
Prompting
Questioning
Other
All data
TABLE VI.

ACTION TYPE

Expected
residual error
+0.100
-0.115
+0.081
+0.070
-0.469
-0.393
-0.536
-0.472
+0.011
+0.113
-0.179
+0.011

T OP - RANKED FREQUENCIES BY

THE EXPECTED UTILITY

FOR EACH ACTION TYPE

Action type
Wait
Post something
Summarization
Greeting
Paraphrase
Gratitude
Compliment
Agreement
Prompting
Questioning
Other
TABLE VII.

Top-ranked
by EU t (a)
1147
–
0
0
0
0
0
0
1
40
–

Precision

Recall

0.576
–
0
0
0
0
0
0
1
0.15
–

0.922
–
0
0
0
0
0
0
0.011
0.062
–

AVERAGE NUMBER OF SUCCEEDING UTTERANCES
WITHIN TEN HOURS

Action type
Wait
Post something
Summarization
Greeting
Paraphrase
Gratitude
Compliment
Agreement
Prompting
Questioning
Other
All data

Average
utility
2.13
1.12
0.43
0.31
1.19
1.02
1.46
0.89
1.02
1.98
1.12
1.55

utterance types were quite different from the actual facilitators’
utterance types according to the precision and recall shown in
Table VI.

Fig. 4.

Probability distribution of the residual errors

This difference between the expected utility that we focus
on in this paper and the actual facilitators’ action selection
indicates that we need to consider other intentions of facilitators. The expected utility we focus on this time corresponds to
the intention to promote active discussion. As aforementioned,
we are considering other intentions, i.e., the intention to
promote the diversity of participants, the intention to promote
the completeness or diversity of participants’ viewpoints, the
intention to promote participants’ mutual understanding, and
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the intention to promote positive discussion.
Although the contribution of this finding to developing
autonomous facilitator agents is not major, it can be applied to
supporting human facilitators. That is, a Web-based forum system provides various utility functions, and human facilitators
select one utility function according to their intention. After
the human facilitator selects the utility function, the system
can recommend action selection according to the regression
analysis and calculated expected utility. Such a facilitator
support function potentially decreases the cognitive load of
the human facilitators.
IV.

[6] A. Liaw, M. Wiener, L. Breiman, and A. Cutler, “randomforest: Breiman
and cutler’s random forests for classification and regression,” https:/
/cran.r-project.org/web/packages/randomForest/index.html (accessed on
May. 23, 2016), 2015.

C ONCLUSION

We tried to estimate the number of succeeding utterances in
a certain period of time using Random Forest Regression, and
we calculated the expected utility from the regression results.
The regression model to predict the number of succeeding
utterances was well-trained because the correlation coefficient
between the predicted values and the actual observed value was
+0.796. The action selection experiment showed the results
were consistent with the intention to promote active discussion
corresponding to the utility function. “Wait” and “Questioning”
were selected to increase the number of succeeding nonfacilitators’ utterances. However, these results are quite different from the actual human facilitators’ action selection.
These results also indicated that actual human facilitators
have various intentions other than the intention to promote
active discussion. As future work, we are planning to investigate other utility functions, e.g., the number of novel terms in
succeeding utterances, the increase in the content similarities
among utterance sets for each non-facilitator, and the ratio of
positive expressions in succeeding utterances. We also aim
to develop an action recommending function based on the
system’s calculation of expected utility and human facilitator’s
selection of a suitable utility function matching with his/her
intention.
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Abstract—Recently, the opportunity to discuss topics on a
variety of online discussion bulletin boards has been increasing.
However, it can be difficult to understand the discussion as
the number of posts increases. In addition, it is important to
generate headlines that can automatically summarize each post
at a glance to easily understand the discussion’s structure. In
this paper, we propose a method to automatically extract and
generate post headlines for online discussion bulletin boards. We
propose templates with multiple patterns to extract important
sentences from the posts. In addition, we propose a method to
generate headlines by matching the templates with the patterns.
Then, we evaluate the effectiveness of our proposed method using
questionnaires.

I. I NTRODUCTION
In recent years, the general public has taken to exchanging opinions using various online platforms, such as online
discussion bulletin board systems (BBSs), microblogs, and
other promising collective intelligence platforms ([1] etc.). The
number of opinions on the web is huge, which has not yet been
fully considered. On web-based platforms, crowds can freely
post their opinions without constraints of time or place. In the
near future, large-scale discussion aggregations, discussions,
and negotiations will become possible on supporting webbased platforms, and further developments in social/crowd
engineering are expected ([2], [3], [4], [5]). With an increase
in the amount of information and posts on online discussion
platforms, reading and understanding all posts can be difficult.
Therefore, platforms that automatically construct a structured
visualization of discussions have been proposed [1]. In particular, an open web-based forum system called COLLAGREE
([6], [7]), which has facilitator support functions, has been
developed and deployed for an internet-based town meeting
in Japan. In COLLAGREE, a discussion tree is employed and
a method that generates headlines for each post is required
[8].
In addition to social and academic environments, linguistic
resources have become increasingly rich via web developments
and the technology of natural language processing (NLP)
has been developed. However, it is still difficult to obtain
accurate information from large-scale discussion platforms.
This is because the amount of unnecessary information has
also increased with the development of linguistic resources. In
addition, argumentation mining aimed at automatically extract-

ing structured arguments from unstructured textual documents
has become important for internet-based discussions ([9], [10],
[11]). This topic has recently become of broad interest due
to its potential to process information originating on the
Web, in particular, from social media. Automatic structuring
of discussions and argumentations is enabling breakthrough
applications in social and economic sciences, policy-making,
and crowd engineering. Argumentation models, methods, and
applications have been proposed to conjugate representational
needs with user-related cognitive models and computational
models for automated reasoning.
Automatic headline generation is necessary for visualizing
user-related cognitive models and computational models. Despite the number of studies focused on automatic headline
generation ([12] etc.), previous approaches have not taken
into account the structure of the discussions because their
targets have been newspapers or books, not online large-scale
discussion platforms.
In this paper, we propose a method to automatically extract
important sentences and generate headlines from posts for
discussion BBSs. In our proposed method, templates with
multiple patterns are used to extract important sentences from
the posts. In addition, we propose a method to generate a
headline by matching the templates with the patterns. Then,
we evaluate the effectiveness of our proposed method using
questionnaires. The datasets for the evaluations are log data
from an internet-based town meeting in Nagoya, which was a
city project for an actual town meeting of the Nagoya Next
Generation Total City Planning for 2014-2018 [6]. In these
evaluations, we compare our proposed approach with various
existing methods of automatically generating headlines using
a questionnaire.
The remainder of this paper is organized as follows. In
section 2, related studies concerning automatic headline generation methods are shown. In section 3, the approach for
automatic headline extraction using templates is proposed. In
Section 4, we describe the results of the evaluation experiments
and discussions. Finally, we present our conclusions.
II. R ELATED W ORKS
Multiple studies concerning headline generation have focused on many languages and document types ([13], [14], [15],
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[16] etc.). According to Gattani, three primary techniques can
be identified [15].
Statistics-based approaches
These methods apply statistical models to learn correlations
between words in headlines and documents. The majority
of models are used in supervised learning environments;
therefore, large amounts of training datasets with labels are
necessary. For example, a method viewing summarization as
a problem analogous to statistical machine translation based
on Naive Bayes has been proposed [17]. The use of statistical
models for learning pruning-rules for parse trees has also been
studied ([18] etc.).
Summarization-based approaches
Headlines can be thought of as very short summaries.
Therefore, traditional summarization methods can be used to
generate one-line summaries ([19] etc.). The primary difficulty
with these approaches is that they use techniques that were
not initially devised for generating compressions of less than
10% of the original content, which directly affects the quality
of the resulting summary [17]. They generate a headline by
reusing words presented in the article; therefore, the generated
headline risks losing or changing the contextual meaning of
the reused words [20].
Template-based approaches
These methods apply handcrafted linguistic rules to extract
or compress important sentences in a document [21]. They
are simple and lightweight; however, they fail to understand
complex relationships in the text, and it is not easy to prepare
templates for them. For example, Alfonseca et al. proposed an
approach mining the syntactic patterns that a Noisy-OR model
generalizes into event descriptions [22]. At the inference time,
the method searches the model with the observed patterns
in an unseen news collection and identifies the event that
best captures the gist of the collection to retrieve the most
appropriate pattern to generate a headline.
However, original templates for each language are necessary
in this approach. In other words, studies focusing on the
Japanese language and online BBSs are few. In this study,
we employ this approach because it is lightweight and does
not require training datasets to generate templates.
For automatic headline generation approaches for multiple
sentence compression
The above three approaches used in the previous studies
focused on a single article or document. However, this study
focuses on texts in online discussion BBSs; in other words, this
study considers the task of summarizing a cluster of related
sentences with a short sentence, which we call multi-sentence
compression, to present a simple headline. The advantage
and novelty of our proposed method is that we can use the
characteristics of the discussions and the Japanese language.
One popular approach to multi-sentence compression was
described by Filippova, who presented a simple and robust

word graph-based method to generate succinct compressions
that require just a part of speech tagger and a list of stop
words [12]. The advantage and the novelty of the proposed
method is that it is syntax lean and requires little more than a
tokenizer and a tagger. However, the approach of Filippova is
for English and Spanish and is completely different from our
proposed method.
III. AUTOMATIC H EADLINE G ENERATION USING
T EMPLATES
BBSs for discussions, such as COLLAGREE ([6], [7]) are
given the main themes and comprise several threads that
deal with a single related topic. A thread refers to a set of
opinions related to a particular topic or issue. In COLLAGREE
interface, which has several functions, the first opinion of
the user who creates the thread becomes the parent opinion,
and other users reply to it as child opinions. There are also
cases where some users reply to a child opinion as grandchild
opinions.
Our goal is to propose a method to automatically generate
a headline for each post in the discussion BBS. The process
of the proposed method is as follows.
1) Pre-processing
2) Extraction of Headline
3) Generation of Headline
4) Complement of Headline
5) Post-processing
A. Pre-processing
To arrange the text of the BBS for the discussion, the
following preprocessing step is conducted. The parentheses
and URL are removed. This unimportant information can
cause the generated summary to be redundant and should
therefore be deleted before summarization. It is also essential
to clarify anaphors in the original post. In reference to the
result of an anaphora analysis using CaboCha [23], only
anaphors that refer to a named entity are retained. Furthermore,
only nouns and verbs are extracted from each post (e.g., an
opinion or a sentence) based on the result of a morphological
analysis.
B. Extraction of Headline
The sentence that will become the headline is extracted
from the posts, which are divided into sentences. In previous
studies focusing on conference notes, headlines were extracted
by focusing on expressions such as “about” [24]. However, a
clear structure does not exist for online discussion bulletin
boards. Therefore, we propose novel templates with several
patterns of sentences that seem to express the intent of the
participants. Table I shows a proposed template with three
patterns to extract important sentences in the discussion BBS.
Table I shows the infinitive only; however, other inflected
word forms are applied. We can match infinitive words with
a morphological analysis using CaboCha on the proposed
templates. The details of each pattern are as follows.
The details of each pattern are as follows:
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TABLE I
T EMPLATE FOR EXTRACTING

pattern 1
pattern 2

Priority
High
Medium

pattern 3

Low

THE SENTENCES

Pattern
“need” or “important”
“think,” “believe” or “regard”
agreements (including positive keywords)
disagreement (including negative keywords)

Pattern 1: Sentence including “need” or “important”
Sentences including “need’ or “important” are more important to the participants. Therefore, their priority is the
highest in the template.
• Pattern 2: Sentence including “think” or “regard”
Because the discussion BBS is a place for participants
to post their opinions, often sentences including “think,”
“believe,” or “regard” occur. Therefore, their priority is
set to medium.
• Pattern 3: Agreements and Disagreements
Sentences including agreements and disagreements are
important as headlines because participants express their
opinions when having a discussion. Therefore, a sentence for which the absolute sum of all positive and
negative words is the highest is extracted as Pattern 3.
The negative and positive words are judged using the
Evaluative Expressions Dictionary ([25], [26]). The score
for words including positive words is “+1” and that for
words including negative words is “-1.”
The sentence with the highest priority is extracted when
multiple patterns are matched in Table I. In addition, the
sentence with a higher cosine similarity between it and the
parent post is extracted when the same patterns match multiple
sentences. We assume that the set of m nouns in the parent post
is P = {p1 , p2 , ..., pm }, the set of n nouns in the matching
sentence is Q = {q1 , q2 , ..., qn }, and each element means the
frequency of occurrence. The cosine similarity is calculated
by the following expression.
•

P ·Q
cos(P, Q) =
|P ||Q|

(1)

The sentence with the highest score is then extracted. In other
words, sentences with similar words to those in the parent post
are extracted. When the sentences do not match the patterns
in Table I, our method outputs “no pattern.”
C. Automatic Headline Generation
The sentence is extracted by the method proposed in the
previous section when the length of the sentence is less than
twenty letters. The headline is generated automatically based
on the following template when the length of the sentence is
more than twenty letters. It is proposed by analyzing the posts
in any actual BBSs for discussions.
Fig. 1 shows the proposed template1 .
1 The

part of the template is written in Japanese because it used the original
Japanese grammars.

Fig. 1. The Proposed Template for Automatic Headline Generation

When multiple patterns match the sentence, the pattern with
the highest average weights of BM25 [27] of the noun is used.
The expression of BM25 of a word (w) in n posts of set
(D = {d1 , d2 , ..., dn }) is defined as follows:
score(w, D) =
n
∑
f (w, di ) · (k1 + 1)
idf (w) ·
f
(w,
d
)
i + k1 · (1 − b + b ·
i=1
idf (w) = log

(2)

|di |
avgdl )

N − df (w) + 0.5
df (w) + 0.5

(3)

In the above equations, f (w, di ) is the frequency of the
word(w) in the post(di ), |di | is the number of words in di .
avgdl is the average number of words in the post set(D), k1
and b are previously decided parameters. In this study, we
set, k1 = 2.0, b = 0.75 are used because they are used in a
general way. N is the number of posts and df (w) is the number
of posts including the word w in all posts. In our proposed
method, we used BM25 because the BM25 of characteristic
words in the entire BBS tends to be higher.
D. Complement of Headline
The headline generated using the automatic headline generation method in the previous section is insufficient because
there is no clause modified by the extracted clause to explain it.
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TABLE II
ACCURACY RATES OF EACH METHOD
Method
Proposed
First Sentence
Random

Accuracy rates
0.64
0.37
0.32

TABLE III
ACCURACY RATES IN

EACH PATTERN OF OUR PROPOSED METHOD

Pattern
The number of applicable
Accuracy
Accuracy rates

Fig. 2. Removal and Replace Words Lists

Therefore, modified clauses are added using the modification
parsing of CaboCha [23]. Concretely speaking, a clause to
modify the clause extracted by the method in the previous
section is complemented when there is an extracted clause,
and the clause with the highest BM25 is complemented when
there are many extracted clauses. This complement is repeated
by a constant number of characters. In this study, the constant
number of characters is 20.
E. Post-processing
This step examines the generated headline to improve it.
A particle remains at the end of a sentence when a headline
is extracted by matching each clause. Therefore, unnecessary
clauses, such as particles at the end of a sentence, are replaced
and removed based on the list of Fig. 22 . Removal and
matching are repeated for the word lists for the end of the
sentence until the headline no longer changes.
IV. E XPERIMENTAL R ESULTS
A. Datasets for the experiments
We conducted comparative studies to evaluate the proposed
method by extracting headlines using questionnaires. The
datasets for the evaluations are log data from an internetbased town meeting in Nagoya, which was a city project
for an actual town meeting of the Nagoya Next Generation
Total City Planning for 2014-2018 [6]. In this town meeting,
there were 266 participants and 9 facilitators. The topics of
discussion were “human rights,” “the environment,” “attractive,” and “disasters” for the Nagoya Next Generation Total
City Planning for 2014-2018. There were a total of 1151
posts. These experiments did not address the posts from the
facilitators because their models are completely different from
those of the participants.
2 The part of the template is written in Japanese because it used the original
Japanese grammars.

1
22
19
0.86

2
48
29
0.60

3
30
16
0.53

N/A
0
0
-

Total
100
64
0.64

B. Evaluations for extracting the headline
The correct datasets for the extraction of the sentence that
is suitable for the headline were generated by questionnaires.
The sentence that was most effective as a headline was
selected from all posts in each thread by ten undergraduate
and master students at the Tokyo University of Agriculture
and Technology. If the optimal headline differed between the
students, most of the selected sentences were considered to
provide the correct answer.
The comparative methods for the experiment are as follows:
• Proposed: The headline extraction method proposed in
this paper
• First Sentence: The method of selecting the first sentence
as the headline
• Random: The headline extraction method of selecting a
sentence randomly
“First Sentence” is a heuristic method of extracting a
headline. This method is effective for extracting headlines in
newspapers, where important contents tend to be placed at
the beginning of the article [28]. However, this method is
not always effective for online BBSs because the lengths of
posts in BBSs are shorter than those in articles. “Random” is
a baseline method for the comparative study.
Table II shows the accuracy rates of the three methods
based on the correct dataset. Our proposed method has the
best accuracy rate because the tendency of placing important
content at the beginning of a post, as in newspapers, is not
applicable in discussion BBSs. The beginning of a post instead
tends to be a simple approval or greeting (e.g., “I agree with
his idea” or “Hello”). In other words, the first sentence tends
to be completely different from the core of the comments
or questions. In fact, simple replies such as “yes” and “of
course” are commonly found. Our proposed method is also
better than Random (the baseline); therefore, our proposed
method is effective for discussion BBSs.
Table III shows the accuracy rates for each pattern of our
proposed method. For Pattern 1, the number of applicable
cases is small and the accuracy rate is high. posts including
“necessary” and “important” generally reflect the participant’s
intentions. Conversely, the number of applicable cases is high
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TABLE IV
E VALUATIONS OF R EADABILITY
Score
5
4
3
2
1

Description
The readability of the headline is extremely well. The meaning of the headline can understand, easily.
The headline is mostly readable. The meaning of the headline
can understand without any difficulty.
The readability of the headline is tolerable but not great. The
meaning of the headline can understand, somehow.
The readability of the headline is badly. It is difficult to
understand the meaning of the headline.
The readability of the headline is extremely unnatural. The
meaning of the headline can’t understand.

TABLE VI
AVERAGE OF FIVE - GRADE EVALUATION SCORES BY THE QUESTIONNAIRES

Proposed
First Twenty Letters

Readability
3.09
3.74

Completeness
2.73
3.06

TABLE VII
AVERAGE OF FIVE - GRADE EVALUATION SCORES BY THE
QUESTIONNAIRES IN EACH PATTERN (R EADABILITY )
Pattern
Proposed
First Twenty Letters

1
3.26
3.68

2
3.00
3.65

3
2.54
3.53

N/A
3.42
4.04

TABLE V
E VALUATIONS OF C OMPLETENESS
Score
5
4
3
2
1

Description
The headline
The headline
The headline
The headline
The headline

covers
covers
covers
covers
covers

all of the post.
most of the post.
some of the post.
parts of the post.
little of the post.

and the accuracy rate is low for Pattern 2. This is because
“think” and “believe” are commonly used expressions and
appear in multiple sentences. For Pattern 3, the sentences
including positive words are extracted as the important phrases
in the post. All posts match our three proposed patterns in
this experiment; therefore, our proposed method has effective
templates to extract the important sentences.
C. Evaluations for generating the headline
We evaluated the headlines generated by our proposed
method using questionnaires. The evaluation criteria for the
headlines were its ”readability” and ”completeness” because
the purpose of our proposed method was to generate headlines
with high readability and core content. Each evaluator graded
a headline on a five-grade evaluation scale following Tables
IV and V.
The comparative methods for these experiments are as
follows:
• Proposed: Our proposed headline generation method
• First Twenty Letters: Extracting the first twenty letters
as the headline from the posts
In the proposed method, the clauses were extracted based
on the template, and complemented clauses with high BM25
were generated using dependency parsing. In the First Twenty
Letters method, the first 20 letters were simply extracted as the
headline from the posts. The number of letters for the headline
was therefore equal to or less than 20.
The headlines of our proposed method and the baseline
method were evaluated by 11 undergraduate and master’s students at the Tokyo University of Agriculture and Technology.
Table VI shows the average of the five-grade evaluation
scores from the questionnaires. Our proposed method has
lower scores than the baseline method for readability and
completeness according to the questionnaires. Tables VII and

TABLE VIII
AVERAGE OF FIVE - GRADE EVALUATION SCORES BY THE
QUESTIONNAIRES IN EACH PATTERN (C OMPLETENESS )
Pattern
Proposed
First Twenty Letters

1
3.00
2.95

2
2.61
3.02

3
2.17
2.97

N/A
3.07
3.29

VIII show the average values of the five-grade evaluation
scores from the questionnaires in each pattern for readability
completeness, respectively In our proposed method, the score
for Pattern 1 is the highest for readability and completeness.
Next, a detailed analysis of the results of headline generation
is shown.
• The extracted sentence matches Pattern 1 or Pattern
2: The scores of the First Twenty Letters method are
higher than those of our proposed method for readability
and completeness when the extracted sentence matches
Pattern 1 or Pattern 2. This is because the clauses that
are regarded as unnecessary are removed when generating
and complementing the headline. When the unnecessary
words are used to maintain a natural sentence, these
processes reflect negatively on the headline. Conversely,
the headline generated by the method of extracting the
First Twenty Letters method is unaffected because the
extracted sentences do not remove any clauses.
• The extracted sentence matches Pattern 3: Scores of
the First Twenty Letters method are higher than those
of our proposed method in readability and completeness
when the extracted sentence matches Pattern 3. This is
because sentences including positive or negative words
are meaningless.
• Sentences including a conjunction or subject: When
the sentence includes a conjunction and a subject, our
proposed method can remove them by determining
the unnecessary words. In this situation, our method can
complete some important words while maintaining high
readability.
V. C ONCLUSION
t is important to automatically generate headlines so that
readers can understand each post at a glance and easily
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understand the discussion structure. In this paper, we proposed
a method of automatically extracting and generating headlines
from posts by focusing on the online discussion bulletin
board systems. We proposed templates with multiple patterns
to extract important sentences from posts. In addition, we
proposed a method to generate a headline by matching the
templates with the patterns. We evaluated the effectiveness
of our proposed method using questionnaires. In the task of
extracting the headline from the posts, our proposed method
had a higher accuracy rate than the baseline method. In the
task of generating the headline, our proposed method needs
improvement in terms of readability and completeness.
The possible future work includes improving the headline
generation from the extracted sentence. A hybrid method of
our proposed method and the heuristic method can be effective.
In addition, more evaluation criteria are necessary to evaluate
the generated headline using questionnaires. Other evaluation
criteria, such as the diffuseness and the essence of the posts,
will be useful in evaluating the headlines.
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Abstract—Small and micro enterprises (SMEs),

the vast

September, 2013, China has had a total number of

majority of Chinese businesses, constitute the main force of

146,903,100

technological innovation in China. This paper is a preliminary

99.7%. SMEs in China make not only the largest number,

study on the collaborative innovation between SMEs with

but contribute 85% of increased jobs, 60% of GDP, 50% of

low-technology and low value-added products. A cooperative

tax revenue and 50% of total enterprise profit. Besides, 75%

game model based on Cournot model is used to analyze the

of technical innovations are made by SMEs and 80% of new

profit function of SMEs’ collaborative innovation. It is

product R&D come from the SMEs. Judging from the

concluded that when an SME is set up the more realistic

number of technological innovations, SMEs have become

approach is to choose a cooperative partner who owns product

the main driving force of technological innovation in

brands and R&D resources for collaborative innovation. In

enterprises in China.

the

current

situation,

as

only

the

low

technology

manufacturing enterprises have the financial capabilities or
support resources, they could have realized the transformation
of enterprises and enhanced the capability of independent
innovation.

enterprises, of

which SMEs

account

for

Manufacturing industry plays a dominant role in Chinese
economy. There have been a large number of SME
manufacturers, most of which are short of innovation ability
and the production is kept at a relatively low level. There are
many acute problems in technical innovation and the key

Keywords— SMEs, low technology, collaborative innovation

problem is that SMEs are short of talent and capital support.
And

I． INTRODUCTION
According

to "The Small

there

are

other

problems

like

low patent

transformation rate.
and

Micro

(1) Lack of innovative personnel

Enterprises Development Report", published by the State
Administration for Industry and Commerce in Chinese, as of

At present, most SME employees in manufacturing are

the end of March, 2013, China has had a total number of

relatively low in knowledge level. The SMEs are short of

11,698,700 small and micro enterprises (SMEs), accounting

technical

for

76.57%

the 44,362,900

of

the

total

individual

enterprises

industrial

and

in

China. If

commercial

technicians

personnel, especially
who

have

senior

market

vision

engineers

and

and innovation

consciousness. According to the "China SME Human

households are counted into the statistics, Chinese SMEs

Resource Management

White

will account for 94.15% of the total number of businesses

CHINA HRKEY Research Center in September, 2012,

registered in China. SMEs refer to those with no more than

Chinese SMEs only have an average life of 2.5 years. Their

300 employees, annual revenues of 20,000,000 yuan, which,

technical

are the vast majority of Chinese enterprises. As of

short-term interests but do not take long-term interests into

innovations mainly

aim

Paper" released

at

the

by

current and

account, which ends up with a shortage of long-term
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personnel training and reserve. The current training is not

credit market, and

adequate, resulting in drainage of brains.

bond issuance requirements.

SMEs can

hardly

Therefore,

meet
it

is

the
almost

impossible for to raise funds through bond financing.

(2) Lack of enterprise innovation funds

(3) Low patent conversion rate

Most SMEs in China only have a few years of history.
As they are small, they usually lack of enough money to run

The implementation rate of patent transformation in

the business. Normally SMEs first use their money to

China is averaged only 10% and the profit margin is only

purchase production materials while the money for

10%-15%, which are far below the level of developed

employees, technical innovation and personnel training is

countries’ 60%-70%[1].

often insufficient. If technical innovation needs extra funds,
that will worsen the situation. They will not have enough
funds to buy technology, patents and equipment. The capital
turnover is often a major problem confronting SMEs in their
daily management. As purchasing fixed assets and several
raw

materials for

sufficient circulating

the

daily

funds, the

production

shortage

of

need

funds

is

restricting the SMEs’ daily production, management and
R&D activities.

in

China

have

strengthened

internal

rectification, and the bank credit scale is shrinking. To save
costs the state-owned commercial banks are unwilling to
lend money

to

commercial

banks,

SMEs. Although
credit

small-sized local

cooperatives

and

local

commercial banks have become the main force in supporting
SME development. But they are not capable of meeting
the capital requirements of SMEs.
An

collaborative

innovation is

for low-technology SMEs

a

to

realistic

catch

up

way

with

the

world advanced technologies with minimum cost and fastest
speed, which is an inevitable stage before finally developing
the

capability

of

independent

technical

innovation. Collaborative innovation is an important means
to optimize the allocation of resources and improve
the innovation efficiency for SMEs[2].

Under the impact of the financial crisis, financial
institutions

The experience of developed countries shows that: the

enterprise’s

Xie,

Xuemei (2010)

made

a

survey

through

questionnaires of 188 SMEs in manufacturing, by adopting
the structural equation model to explore the relationship
between the different collaborative innovation network and
innovation performance. Xie thinks that the collaborative
innovation network, such as "enterprise to enterprise",
"enterprise to

agency" and "enterprise to

research organization" have significantly positive effect on
the enterprise innovation performance. The "enterprise to

direct financing is

bond financing

government" collaborative

innovation networks

do

not

through the equity financing and the issuance of enterprise

have a direct effect on innovation performance, but it shows

bonds as well as stocks. For the equity financing, as the

a significant indirect effect. There are significant differences

listed entry threshold is too high, the most majority of

with

SMEs can hardly raise money they want this way. China

cooperative innovation networks

Growth

performance,

Enterprise

Market/Growth

Enterprise

the

impact
among

degree

of
to

different
the innovation

which the "enterprise to

Board (CGEM) was launched in October, 2009 and it has

enterprise" collaborative innovation network shows the most

lowered the entry barriers and strictly controlled the

significant effect in promoting the enterprise innovation

financing operation in this market. It can somewhat help

performance[3].

SMEs

with

potential ability

to

obtain financing

opportunities, but the CGEM is still at the infant stage
and there are still some problems. But, anyway CGEM
might relatively

alleviate

the

financing

problems. For

the bond financing, because the development of corporate

Many SMEs in China have obtained patents in the
start-up stage. But the patent quality is generally not high,
with low added value. And their ability to apply the patent
technology to the product is not strong. Especially the utility
model patent and the design patent are often eliminated

bond market is far behind stock market and bank
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during one or two years for the short market cycles. Some

constants, a is the highest market price of the product. The

SMEs have transformed their patent technologies into the

enterprise cost function: C = c + dqt + m, c is the fixed

products and earned first local or nationwide market shares.

cost, dqt is the variable cost, m is the opportunity cost to

Unfortunately once the market response is good, there will

produce the product. c, d, m are constants. The profit

soon emerge a large number of imitations on for the low

function of the enterprise in time period t:

entry barriers .

𝐿𝑡 = 𝑞𝑡 (𝑎 − 𝑏𝑞𝑡 ) − (𝑐 + 𝑑𝑞t + 𝑚)

The protection level of intellectual property is positively
related to technical innovation in developing countries[4].
The protection of intellectual property is an important

The enterprise wants the products to enter the market as
soon as possible, but if the enterprise complete the technical
innovation through its own, it need a lot money for the fixed

determinant contributing to the economic growth and it

cost.

shows positive impact more significantly in economic

B)

Collaborative innovation

growth in developing countries[5]. There are two different

In this mode, the enterprise needs to choose a

attitudes about the protection enforcement of intellectual

cooperative partner that owns product brands and R&D

property in China between Chinese scholars. One is that the

resources

protection intensity of intellectual property has gone beyond

distribution ratio depends on the conventions of the two

what the Chinese economy can take, thus hampering the

enterprises

for

collaborative

innovation.

The

profits

economic development in China. Another is that there still
exists a big gap between the protection intensity of
intellectual property and the required level of technical
innovation. Therefore, a strengthened the intellectual

The outputs of product decision-making occurs in
discrete time period t, t = 0,1,2,3, …，qi,t is the product
output of enterprise i in time period t, i = 1,2. t The price
of time period t is depend on the output of product:

property protection is badly needed.

p = a − b(q1,t + q2,t ) ，

a, b are constants, a is the

The protection of intellectual property is not very

highest market price of the product. The enterprise cost

important for SMEs. Chinese SMEs in manufacturing are

function: C = ci + di qi,t + ei t + mi , i = 1,2, ci is the fixed

lack of personnel and financial resources in the early stage

cost of the enterprise i, di qi,t is the variable cost of the

of development, a more realistic approach is to let their

enterprise i , t is the total technological investment,

products go to the market as soon as possible to meet the

including the protection of intellectual property costs. ei is

related market demand and earn the initial higher profit

the technological investment proportion of the enterprise i,

margin in the market.

mi is the opportunity cost of the enterprise i to produce the

II．

product. e2 = 1 − e1 The profit functions of the enterprises

GAME MODEL

Now if Chinese SMEs have low technology level for
production, they have three alternative development modes:
technical

innovation

through

the

enterprise

in time period t are respectively:
𝐿1,𝑡 = 𝑞1,𝑡 [𝑎 − 𝑏(𝑞1,𝑡 + 𝑞2,𝑡 )]
− (𝑐1 + 𝑑1 𝑞1,𝑡

itself;

+ 𝑒1 𝑡 + 𝑚1 )

collaborative innovation with a partner who owns product
brands and R&D resources; sell technology to a large

𝐿2,𝑡 = 𝑞2,𝑡 [𝑎 − 𝑏(𝑞1,𝑡 + 𝑞2,𝑡 )]

enterprise.

− [𝑐2 + 𝑑2 𝑞2,𝑡

A)

+ (1 − 𝑒1 )𝑡 + 𝑚2 ]

Technical innovation through the enterprise itself
The outputs of product decision-making occurs in

The profits distribution ratio depends on the convention

discrete time period t，t = 0,1,2,3, …, qt is the output of

of the two enterprises and the convention is about technical

product in time period t . The price of time period t

investment. Assuming the ratio of technical investment for

depends on the output of product: p = a − bqt , a, b are

each of the two enterprises is consistent. The profit margin
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𝐿1 ∗ = 𝑞1 ∗ [𝑎 − 𝑏(𝑞1 ∗ + 𝑞2 ∗ )]

of the first enterprise extract from the second enterprise is
ε1 , and the profit margin of the second enterprise extract

− (𝑐1 + 𝑑1 𝑞1 ∗

from the first enterprise isε2 . The final profit functions of the

+ 𝑒1 𝑡 + 𝑚1 )

two enterprises in time period t are respectively:
𝐿2 ∗ = 𝑞2 ∗ [𝑎 − 𝑏(𝑞1 ∗ + 𝑞2 ∗ )]

𝐿1,𝑡 ’ = (1 − 𝜀2 )𝐿1,𝑡 + 𝜀1 𝐿2,𝑡

− [𝑐2 + 𝑑2 𝑞2 ∗

𝐿2,𝑡 ’ = (1 − 𝜀1 )𝐿2,𝑡 + 𝜀2 𝐿1,𝑡
Repeated

game

production

dynamic

+ (1 − 𝑒1 )𝑡 + 𝑚2 ]

adjustment

𝐿1 ∗ is related to 𝑎, 𝑏, 𝑑1 , 𝑑2 , 𝑐1 , 𝑒1 , ε1 , ε2 .

mechanism can be expressed as:
𝑞1,𝑡+1 = 𝑞1,𝑡 + 𝛼1 𝑞1,𝑡

𝑞2,𝑡+1

𝜕𝐿1,𝑡 ′
𝜕𝑞1,𝑡

𝜕𝐿2,𝑡 ′
= 𝑞2,𝑡 + 𝛼2 𝑞2,𝑡
𝜕𝑞2,𝑡

α1 , α2 are the adjustment speed of the two enterprise.
𝜕𝐿1,𝑡 ′
= (1 − 𝜀2 )(𝑎 − 𝑏𝑞2,𝑡 − 2𝑏𝑞1,𝑡
𝜕𝑞1,𝑡
− 𝑑1 ) − 𝜀1 𝑏𝑞2,𝑡
𝜕𝐿1,𝑡 ′
= (𝜀2 − 𝜀1 − 1)𝑏𝑞2,𝑡
𝜕𝑞1,𝑡

The two enterprises get the equilibrium profit after
repeated games. The relationship between the two
enterprises is cooperation and competition at the same time,
the enterprises take into account the long-term interests of
the enterprises, so they do not rely on one-sided increase
production to obtain short-term gains, but more emphasis on
balancing the profit that can be obtained after repeated
games. However, the enterprises in cooperation should
adjust the distribution of profits ε1 and ε2 between them,
because the value of ε1 and ε2 might impact the total
output and profit. When one of the enterprises feel unfair,

− 2𝑏(1 − 𝜀1 )𝑞1,𝑡

the balance may be upset.

+ (𝑎 − 𝑑1 )(1 − 𝜀1 )

C)

𝑞1,𝑡+1 = 𝑞1,𝑡 + 𝛼1 𝑞1,𝑡 [(𝜀2 − 𝜀1
− 1)𝑏𝑞2,𝑡
− 2𝑏(1 − 𝜀2 )𝑞1,𝑡

Sell technology to a large enterprise
In this situation, the enterprise sells technology to a large

enterprise, and earns the value of the technology f. When
the money resources is accumulated to a higher level, it will

+ (𝑎 − 𝑑1 )(1

enable SMEs to employ and keep higher level technical

− 𝜀2 )]

talents, to pay for the R&D, to increase the added-value of

𝑞2,𝑡+1 = 𝑞2,𝑡 + 𝛼2 𝑞2,𝑡 [(𝜀1 − 𝜀2

the products, earn more money and finally form the

− 1)𝑏𝑞1,𝑡

enterprise into the high-technology one.

− 2𝑏(1 − 𝜀1 )𝑞2,𝑡

D)

+ (𝑎 − 𝑑2 )(1
− 𝜀1 )]
Nash Equilibrium Point(q1 ∗ , q2 ∗ ):
𝑞1 ∗
(1 − 𝜀1 )[(𝑎 − 𝑑2 )(𝜀2 − 𝜀1 − 1) + 2(𝑎 − 𝑑1 )(1 − 𝜀2 )]
=
4𝑏(1 − 𝜀1 )(1 − 𝜀2 ) − (𝜀1 − 𝜀2 − 1)(𝜀2 − 𝜀1 − 1)𝑏
∗
𝑞2
(1 − 𝜀2 )[(𝑎 − 𝑑1 )(𝜀1 − 𝜀2 − 1) + 2(𝑎 − 𝑑2 )(1 − 𝜀1 )]
=
4𝑏(1 − 𝜀1 )(1 − 𝜀2 ) − (𝜀1 − 𝜀2 − 1)(𝜀2 − 𝜀1 − 1)𝑏

Analysis
As the enterprises face different situation, they can

choose different modes to earn the profits.
Technical innovation through the enterprise own:
L_t1 = q_t (a − bq_t ) − (c + dq_t + m)
Collaborative innovation with a cooperative partner who
owns product brands and R&D resources:

q1 ∗ is related to a, b, d1 , d2 , ε1 , ε2 .
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Selling technology to a large enterprise:

technology and low value-added product, we can draw the

Lt3 = f
If the profits of selling technology is more than the

conclusion that in the current situation, only the low

production profit obtained in the equilibrium point, it is

capabilities or support resources and they could have

better to choose selling the technology.

realized the transformation of enterprises to enhance the

Compare

with

technical

innovation

through

the

technology manufacturing enterprises have the financial

capability of independent innovation.
The

enterprise own mode and collaborative innovation with a

Chinese SMEs in

manufacturing

are

lack

cooperative partner who owns product brands and R&D

of personnel and financial resources in the early stage of

resources mode, assuming that the enterprise have the same

development, a more realistic approach is to put out the

opportunity cost, the products have the same price and

products in the market as soon as possible in one out of the

variable cost.

three appropriate collaborative innovation ways mentioned
in this paper to meet the related market demand and earn the

𝐿𝑡2 − 𝐿𝑡1 = (𝑎 − 𝑑)(𝑞1 ∗ − 𝑞𝑡 )

initial higher profit in market. Under these circumstances, in

+ 𝑏[𝑞𝑡 2 − (𝑞1 ∗ )2

the early development of a SME the more effective method

− 𝑞1 ∗ 𝑞2 ∗ ]

is to choose a partner that owns product brands and R&D

+ (𝑐 − 𝑐1 ) − 𝑒1 𝑡

resources for collaborative innovation. When the money

Assuming that total outputs of product are equal,
q1 ∗ + q2 ∗ = qt

resources is accumulated to a higher level, it will enable
SMEs to employ and keep higher level technical talents, so
as to pay for the R&D, increase the added-value of the

𝐿𝑡2 − 𝐿𝑡1 = 𝑞2 ∗ [−𝑎 + 𝑏(𝑞1 ∗ + 𝑞2 ∗ )

products, earn more money and finally develop the

+ 𝑑] + (𝑐 − 𝑐1 )

enterprise into a high-tech one.

− 𝑒1 𝑡
If the fixed cost investment of the enterprises in the first
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Abstract—A decline in cognitive functions may be an indicator
of increased fall risk or a precursor to other serious health
problems such as dementia. Longitudinal neuropsychological
assessment is often used to track changes in cognitive functions.
The Trail Making Test (TMT) adapted by Reitan is one of
the most frequently used neuropsychological tests for assessing cognitive status. However, Reitan’s TMT is unsuitable for
longitudinal assessment due to significant practice effects when
administered repeatedly. To overcome this issue, we propose
a divide-and-combine (DAC) approach for generating different
instances of TMT that have a similar level of difficulty to Reitan’s
TMT and can be used in repeated assessments with nearly no
discernible practice effects. In the DAC approach, partial trails
are generated separately in different layers and then combined
to form a complete TMT trail. The proposed approach was
implemented in a computerized test application called iTMT. A
pilot study was conducted to evaluate the proposed approach
using this application. The results show that the instances of
TMT generated by the approach had a similar level of difficulty to
Reitan’s TMT. iTMT also achieved a stronger construct validity,
higher test-retest reliability and significantly reduced practice
effects than existing computerized tests. These preliminary results
suggest the prospect of using iTMT in longitudinal cognitive
assessment for fall prevention and early diagnosis of dementia.

I. I NTRODUCTION
Both falls and dementia are major health concerns among
the elderly. About one third of the elderly over 65 years
old fall each year [1]. Falls also account for about 10% of
visits to hospital emergency departments among elderly [2].
On the other hand, a new dementia case is reported every 3.2
seconds, and the cost of dementia represented 1.09% of global
GDP in 2015 [3]. A decline in cognitive functions has been
associated with increased risk of fall [4] and identified as a
precursor syndrome to dementia [5]. Thus, monitoring changes
in cognitive functions may be helpful for fall prevention, as
well as early diagnosis and intervention of dementia.
Repeated assessments are required to track the changes in
cognitive functions timely and effectively. The Trail Making
Test (TMT) is one of the most frequently employed neuropsychological tests for cognitive assessment [6] due to its
sensitivity, simplicity and ease of administration. The current
version of TMT is adapted by Reitan in 1955 [7] (thereafter
referred to as Reitan’s TMT), which has only one instance
and is administered using paper and pencil. However, the
repeated use of Reitan’s TMT in longitudinal assessment is

severely limited by its high susceptibility to practice effects
[8]. Practice effects refer to improvements in test performance
that occur when a subject is retested on the same instance,
or tested repeatedly on very similar ones. It is hard to
segregate performance improvements due to practice effects
from meaningful cognitive changes. This affects test accuracy
and reliability. Increasing the test-retest interval may attenuate
practice effects, but this may obscure the timely detection of
meaningful cognitive changes [9].
Some researchers have proposed to use alternative forms
[10] and mirror images [11] of TMT serially in consecutive
test administrations to reduce practice effects. However, the
number of equivalent alternative forms and mirror images of
TMT is limited. Other researchers have proposed more systematic and divergent approaches for generating new instances
of TMT [12], [13]. Although their approaches could generate
theoretically unlimited instances of TMT, the generated instances may be less difficult than Reitan’s version – they may
have shorter average trail length and less visual interference
than the instance in Reitan’s version. Consequently, the generated instances may have poorer diagnostic efficacy and less
discriminating power to distinguish among different cognitive
status. Moreover, as a cognitive assessment tool, the generated
instances should be assessed for their validity and reliability,
yet to the best of our knowledge, none of these two approaches
have been validated in user studies.
In order to generate TMTs that can be used in repeated assessments, we propose a divide-and-combine (DAC) approach
– a systematic approach for generating instances of TMT
which:
1) are sufficiently different from each other to reduce
practice effects when used in consecutive test administrations; and
2) have a similar level of difficulty and thus diagnostic
power to Reitan’s TMT.
To achieve (1), the proposed approach uses pseudorandomized processes to generate different instances. To
achieve (2), it attempts to reproduce the spatial characteristics
of Reitan’s TMT to the greatest extent possible. According
to [12], trails in Reitan’s TMT are self-avoiding and gradually unwind in a clockwise or anticlockwise direction. To
reproduce these characteristics, our DAC approach gener-
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ates sub-solutions in divided problem spaces and combines
sub-solutions to form a complete solution. In the ”divide”
phase, the test region is divided into several nested and
non-overlapping layers. Within each layer, a partial trail is
generated with the desired spatial characteristics. Then, in the
”combine” phase, the partial trails are joined together to form
a complete trail while preserving the desired characteristics.
With the increasing penetration and improved usability
of digital devices, there has been a number of attempts to
administer TMTs using digital devices, e.g. computers. Computerized tests can facilitate more standardized and accurate
data capturing as well as support detailed analysis. They
also open the possibility to implement unlimited instances of
TMT using systematic approaches. In order to evaluate our
DAC approach, we created a test application, called iTMT,
which implements the DAC approach to generate computerized TMTs. A pilot study was conducted using this application
and involving 10 participants with different levels of cognitive
abilities. The pilot study results suggest that no significant
difference exists between the computerized tests generated
by our DAC approach and Reitan’s TMT in terms of total
segment length and visual interference, indicating that they had
a similar level of difficulty. Moreover, iTMT also demonstrated
stronger construct validity, higher test-retest reliability and significantly reduced practice effects than existing computerized
tests. These preliminary results support the effectiveness of the
DAC approach and indicate that iTMT is a promising tool in
longitudinal cognitive assessment.
In the following sections, we first introduce the neuropsychological background of TMT. Then, we review the prior
efforts made to adapt it for longitudinal assessment and to
computerize it. To address the issues identified from prior
works, we propose our DAC approach in section IV. In section
V, we describe how we computerized our DAC approach and
created iTMT. The pilot study results are presented in section
VI. Finally, the main findings are presented in section VII.
II. N EUROPSYCHOLOGICAL BACKGROUND OF TMT
The Trail Making Test (TMT) is one of the most frequently
employed neuropsychological tests [6] due to its sensitivity,
simplicity and ease of administration. The TMT was originally
constructed to assess general intelligence in Army Individual
Test of General Ability [14]. It was later adapted by Reitan and
included in the Halstead-Reitan Neuropsychological Battery
[7] in its current form. It is often used as a diagnostic tool
to detect cognitive impairments due to brain damage, e.g.
dementia, stroke and traumatic brain injuries [15], [16].
During test administration of Reitan’s TMT, the subject
is instructed to connect a set of dots as quickly as possible
while maintaining accuracy. Reitan’s version only has one test
instance and uses fixed dot arrangements. It contains two parts.
As shown in Fig. 1, Part A involves connecting 25 numbered
dots in increasing order. Part B involves connecting 25 dots
labelled with numbers and letters, in the alternating sequence
”1-A-2-B-3-C. . . ”. The test is meant to assess cognitive
functions such as cognitive flexibility, executive functioning,

(a) Part A

(b) Part B

Fig. 1. Reitan’s Trail Making Test

mental processing speed, divided attention as well as visual
scanning [17]. Part B is more difficult than Part A, possibly due
to differences in symbolic complexity and spatial arrangement
[18]. While Part A only contains numerals, Part B involves two
symbol systems, alphabets and numerals, making it a more
difficult cognitive task. Besides, segment length and amount
of visual interference are also factors affecting the difficulty
of TMT. Part B has a longer total trail length and more visual
interfering stimuli than Part A, making it more demanding in
terms of motor speed and visual scanning [19].
Reitan’s TMT is performed using paper and pencil and is
administered by a healthcare professional. Time to completion
and frequency of errors are the most common metrics which
are recorded and used to interpret TMT performance of both
Part A and Part B.
III. R ELATED W ORK
A. Adapting TMT for Longitudinal Assessment
Although Reitan’s TMT is widely used for assessing cognitive abilities, its use in longitudinal assessment is constrained
due to its high susceptibility to practice effects [8]. Each
repeated administration of it uses the same test instance, which
decreases its sensitivity.
Atkinson and Ryan proposed to use other validated neuropsychological tests as alternative forms of TMT in longitudinal assessment [10], [20]. They identified three alternative
forms that are equivalent and can be used interchangeably in a
serial manner with a brief test-retest interval. However, due to
their similarity in content and format, the use of alternative
forms can only slightly reduce practice effects during longitudinal assessment. Instead of using other validated tests,
Wagner et al. proposed to create new instances of TMT using
its mirror images [11]. Similar to the use of alternative forms,
the mirror images also exhibited discernible practice effects
when used serially in assessment.
The number of equivalent alternative tests and mirror images
of TMT is limited. Hence, it is still not practical to adopt
the aforementioned two approaches in longitudinal cognitive
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assessment over a long time period. A group of researchers
[12], [13] have proposed more systematic and divergent approaches for generating a theoretically unlimited number of
TMT instances. They contended that, although it is not clear
whether Reitan’s TMT was constructed according to some
implicit principles, it is vastly different from trails that are
generated by purely random processes [12]. They observed
two characteristics of Reitan’s TMT trails. Firstly, for both
Part A and Part B, the trails gradually uncoil in either a
clockwise or an anticlockwise direction from the inner to
outer part. Secondly, the trails are self-avoiding, i.e. the line
segments connecting consecutive points have no intersections
with one another. However, it is a non-trivial problem to
generate new instances of TMT which are endowed with these
two characteristics [13]. Working reversely from the desired
characteristics, two approaches to generate self-avoiding trails
were proposed in [12] and [13].
The first approach is suggested by considering the fractal
nature of TMT trails. The problem of generating new TMT
instance is transformed into the problem of generating selfavoiding fractal curve [12]. Starting with a seed element,
fractal curves are generated by repeatedly applying a set of
transformations to the seed. The second approach transforms
the problem of generating new TMT instance into a Travelling
Salesman Problem (TSP) [13]. Dots in TMT are treated as
cities in TSP which can only be visited exactly once in a trail.
The solution to TSP, the shortest path, is typically self-avoiding
as having intersections in the trail tends to lengthen the path.
Thus, given a set of dots, the solution to the corresponding
TSP can be converted into a new instance of TMT.
Although both the fractal curve and the TSP approach can
generate a theoretically unlimited number of TMT instances,
the generated instances may have shorter average trail length
and less visual interference than Reitan’s paper-and-pencil
TMT. Consequently, these instances may be less difficult than
Reitan’s version and less demanding in terms of the cognitive
functions assessed. For example, less visual interfering stimuli
would make the visual scanning much easier. Moreover, when
test performance is measured by time to completion, the total
segment length will also affect the test performance as it affects the drawing time. Due to their reduced level of difficulty,
the generated instances may not have enough discriminative
power to produce statistically significant performance differences between different cognitive status. Consequently, their
sensitivity and diagnostic efficacy may also be compromised.
B. Computerized TMT
Unlike manually administered tests which are susceptible to variations in test administrator and test procedures,
computerized tests maintain standardized test procedures and
are consistent across subjects [21]. Smith developed a computerized touch-screen version of TMT, eTrails [22], which
contains a digital embodiment of the paper-and-pencil TMT
and four computerized variants of the standard test. Experimental results suggest that all the five computerized tests
have considerably higher test-retest reliability than TMT, pos-

sibly due to standardized procedures and less administrative
errors. Another benefit brought by computerized tests is the
ability to capture more high-fidelity data which increase the
accuracy of performance measurements and facilitate in-depth
performance analysis. Woods et al. developed a computerized
TMT, C-TMT, which supports segment-by-segment analysis of
performance and separates analysis of time spent on different
tasks, e.g. dwelling and moving [21].
More importantly, computerized tests also provide the ideal
format for generating a theoretically unlimited number of
TMT instances. Following algorithmic approaches, pseudorandomized dot arrangements can be generated for each test
administration. Compared to Reitan’s TMT, the practice effects
for both eTrails and C-TMT were significantly attenuated [21],
[22]. Yet, it was not clearly indicated that how the instances
of TMT were generated in these two computerized tests. The
fractal curve approach and the TSP approach introduced in the
previous section are both systematic and divergent approaches
rooted in sound theoretical basis. However, to the best of our
knowledge, neither of them has been formally computerized
and validated in user studies.
We have reviewed the prior efforts made to adapt TMT for
longitudinal assessment and to computerize TMT, as well as
discussed the issues with these attempts. Next, we will propose
our solution to the issues.
IV. T HE D IVIDE - AND -C OMBINE A PPROACH
In this section, we propose a divide-and-combine (DAC)
approach for generating different instances of TMT in a
systematic manner. As introduced in section I, the generated
instances need to be sufficiently different from each other
while having a similar level of difficulty to Reitan’s TMT.
More specifically, the aim of the DAC approach is to produce
different sets of ordered dots in a rectangular test region, so
that the trail obtained by connecting dots in each set according
to their order exhibits the following characteristics:
• Uncoiling in clockwise or anticlockwise direction.
• Self-avoiding.
The DAC approach consists of two phases. In the ”divide”
phase, the test region is divided into several nested and
non-overlapping layers. Within each layer, a partial trail is
generated with the desired spatial characteristics. Then, in the
”combine” phase, the partial trails are combined together to
form a complete trail.
Suppose that we want to generate instances of TMT that
contains n dots in a rectangular test region on the x-y plane.
The plane spans across the area x ∈ [a, b] and y ∈ [c, d], where
a < b and c < d.
Suppose that we use m layers, where m ∈ N+ . There are
no constraints on the shape of the layers. However, the layers
defined should satisfy two requirements. Firstly, in order to
make the generated trail follow an unwinding pattern, the
layers need to be nested. Secondly, the layers should be nonoverlapping to reduce intra-layer intersections.
Definition 1: A layer Li , where i = 1, 2, · · · , m, is defined
as a 4-tuple Li = {di , Ai , Pi , Si }:
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Algorithm 1 The divide-and-combine approach
1:
2:

3:
4:
5:

6:
7:
8:
9:
10:
11:
12:
13:
14:
15:

var Pregen
var ppivot

. The dots that need to be regenerated
. The pivot dot for combing two sub trails

for each Li do
. The ”divide” phase
Pi ← randomDots(Ai , di × n)
Si ← sortDots(Pi )

for each Li do
. The ”combine” phase
while intersect(Ti−1 , Ti )! = N U LL do
Pregen ← intersect(Ti−1 , Ti )
Pi ← regenerateDots(Pi , Pregen )
Si ← sortDots(Pi )
for every Li and Li+1 do
ppivot ← pickP ivot(Si , Pi , Si+1 , Pi+1 )
Si+1 ← connect(Si , Si+1 , ppivot )
for each Pi do
assignLabel(Pi , Si )

1) di ∈ R>0 represents the relative density of the dots in
layer Li (refer to Definition 2). di × n gives the number
of dots in layer Li .
2) Ai defines the area layer Li spans.
3) Pi = {pj = (xj , yj )|xj ∈ [a, b]; yj ∈ [c, d]; j =
1, 2, · · · , di × n} represents the dots in layer Li .
4) Si = {s(k)|s(k) ∈ [1, di × n]; k = 1, 2, · · · , di × n}
represents the order of the dots in layer Li . To form a
partial trail Ti , the dots are connected according to the
sequence of ps(1) → ps(2) → · · · → ps(di ×n) .
Definition 2: The density of dots Di in a layer Li can be
defined as:
|Pi |
di =
(0 < di 6 1)
n
di is a measure of relative density and is the ratio of number
of dots in layer Li (the cardinality of Pi ) to the total number
of dots (n).
The pseudo code of the DAC approach is outlined in
Algorithm 1. In the ”divide” phase (line 3-5), a partial trail Ti
is generated within each layer. For each layer Li , the dots are
randomly generated within the layer and then sorted to determine their connecting order. The function randomDots()
is called to generate di × n number of dots in the area defined
by Ai . Then, the function sortDots() is invoked to sort the
dots in layer Li with respect to an anchor point and return
their sorted order Si . For the simplicity, the bottom left dot
in the layer can be chosen as the anchor point in sorting. The
dots are sorted according to their angles with respect to the
anchor point. A self-avoiding partial trail can be formed be
traversing the dots by either increasing or decreasing angle.
Fig. 2 illustrates sorting by increasing angle.
In the ”combine” phase (line 6-15), the partial trails in

Fig. 2. Sorting the dots in a layer (increasing angle)

adjacent layers are combined together to form a complete trail.
Before connecting the partial trails, a round of checking is
performed to ensure that there are no intersections among them
(line 7-10). The function intersect(Ti−1 , Ti ) is used to detect
intersections between the partial trails in two adjacent layers,
Ti−1 and Ti . It returns the end points of line segments in the
outer layer Ti that intersects with Ti−1 . In the case when two
trails intersect, i.e. intersect(Ti−1 , Ti )! = N U LL, the trail in
the outer layer will be adjusted to eliminate the intersection.
The end points of the intersecting segments in Ti (or Pregen )
are regenerated by calling the function regenerateDots().
With the newly generated dots, the dots in layer Li are resorted by calling sortDots() again. When no intersections are
found, all the partial trails are connected together to form a
complete trail. By calling connect(), each two partial trails in
adjacent layers are joined through a pivot dot selected from the
outer layer Li+1 . The function pickP ivot() is called to choose
a pivot from Pi+1 to connect Ti and Ti+1 . The choice of pivot
dot should guarantee that no intersection will be resulted from
joining it and the last dot in the inner layer. Fig. 3 illustrates
connecting two trails Li−1 and Li , where ps(3) in Li is chosen
as the pivot dot. Finally, alphanumerical labels are assigned to
the dots based on their order in the complete trail.

Fig. 3. Connecting two trails in adjacent layers with a pivot

With the algorithm described above, the DAC approach is
able to generate TMT instances that reproduce the two desired spatial characteristics: unwinding clockwise or counter-
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clockwise and self-avoiding. In the following part of this
section, we will explain how the design of the DAC approach
help to reproduce these characteristics.
Unwinding clockwise or counter-clockwise The DAC
approach uses both intra-layer and inter-layer designs to
reproduce this characteristic. The intra-layer strategy ensures
the partial trails exhibits the desired pattern locally within a
layer, while the inter-layer strategy ensures that the pattern is
embodied globally by a trail.
Within a layer (intra-layer), sorting and connecting the dots
according to their angles with respect to the anchor point
endows a partial trail with the desired unwinding pattern. As
shown in Fig. 2, the dots in a layer can also be viewed in a
polar coordinate system with the anchor point as pole. Each
dot can be represented by a radial coordinate (r, θ), where
θ ∈ [0, 2π]. Connecting the dots according to the value of θ
would form a trail that starts from and then zigzags around
the anchor point. Visually, it can be viewed as a trail gradually
uncoiling from the anchor point. The direction of unwinding
can be controlled by the sorting order. If the angles are sorted
in ascending order, the partial trail unwinds counter-clockwise.
Conversely, the partial trail unwinds clockwise.
At the inter-layer level, the definition of the layers help to
create a complete trail in the desired unwinding pattern. The
layers defined must be nested. This requirement ensures that
the area of an inner layer is surrounded by its outer layers. The
trail formed by joining partial trails within nested layers also
appears to be nested, which gradually unfolds when traversing
from an inner layer to an outer layers.
Self-avoiding In order to generate self-avoiding trails, the
DAC approach also employs intra- and inter-layer strategies.
The intra-layer strategy ensures each partial trail formed is
self-avoiding. The inter-layer strategy generate a self-avoiding
trail by connecting the partial trails while avoiding intersections in the connecting process.
At the intra-layer level, sorting and connecting dots by
angles ensures that the resultant partial trail is self-avoiding.
Referring to Fig. 2 again, the area that spans across [0, 2π] is
divided into sectors by the dotted lines connecting the anchor
point to other dots. These sectors are contiguous but nonoverlapping. Each line segment of a partial trail spans within
exactly one of the sectors. Thus, the line segments have no
intersections with each other, except for the joints.
At the inter-layer level, using non-overlapping layers can
help to reduce intersections among partial trails in different
layers. However, a partial trail formed by traversing the dots
within a layer may still cut through other layers. Intersection
checking is performed to detect and eliminate intersections in
such cases, as described by Algorithm 1 line 6 to line 10.
Moreover, the choice of pivot dot while connecting adjacent
trails also avoids creating intersections in the combined trail.
The DAC approach is a generalized approach that is suitable
for generating trails for both TMT Part A and Part B. It
maintains the modelling flexibility to accommodate the differences between Part A and Part B. The dots in Part A scatter
more evenly over the rectangular test region, while the dots

in Part B are more skewed towards the rim of the area. There
are a number of strategies (see Table IV) to manipulate the
distribution of the dots to cater to such differences.
TABLE I
S TRATEGIES FOR GENERATING TMT PART A AND PART B
DIVIDE - AND - COMBINE APPROACH

WITH THE

Parameter to
adjust

Part A

Part B

Relative
density
of
dots in a layer,
di

Assign larger di to
inner layers, smaller
di to outer layers

Assign smaller di to
inner layers, larger di
to outer layers

Area of a layer,
Ai

Define smaller Ai for
inner layers, larger
Ai for outer layers

Define larger Ai for
inner layers, smaller
Ai for outer layers

Total number
of layers, m

Use larger m for Part
A

Use smaller m

In this section, we proposed the DAC approach for generating different instances of TMT. In the following sections,
we will describe how this algorithmic approach can be implemented and built into computerized TMTs.
V. C OMPUTERIZING TMT U SING THE
D IVIDE - AND -C OMBINE A PPROACH
We created a test application called iTMT, which implements the DAC approach with the parameters determined from
Reitan’s paper-and-pencil TMT.
After examining the dot arrangement in Reitan’s TMT, we
chose to use 25 dots and 3 layers for both Part A and Part
B, i.e. n = 25, m = 3. For the ease of modelling, we used
3 concentric layers, with each of their centres at the origin.
As illustrated in Fig. 4, L1 is a rectangle, while L2 and
L3 are hollow rectangles. Collectively, the 3 non-overlapping
layers cover the test region exhaustively. The values of di are
presented in Table II. Compared to Part A, Part B has smaller
relative density in L1 and L2 , but much greater density in L3 ,
which is designed in accordance with the observations made
from the paper-and-pencil TMT.
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TABLE II
R ELATIVE D ENSITIES di F OR E ACH L AYER IN PART A

Test

d1

d2

d3

Part A

0.24

0.36

0.4

Part B

0.2

0.2

0.6

AND

PART B

Fig. 5. A test screen of iTMT (Part A)

The area each layer spans can be defined as following:


|x| ≤ x1 , |y| ≤ y1
Ai spans the area x1 < |x| ≤ x2 , y1 < |y| ≤ y2


x2 < |x| ≤ x3 , y2 < |y| ≤ y3

i=1
i=2
i=3

Following the strategies in Table IV, Ai is defined differently for Part A and Part B. Comparatively, for Part B, A1
spans across larger area, while A2 and A3 are made smaller
so that more dots would be placed near the edge of the test
region.
Using the aforementioned parameters, we built the test
application, iTMT. It is a touch-screen application that can
administer computerized tests on tablets. Instead of using a
pencil, the subjects need to connect the dots using their fingers.
During each administration, iTMT generates a new instance of
TMT using the DAC approach. Fig. 5 shows a test screen of
iTMT, where Part A was being administered.
VI. E VALUATING C OMPUTERIZED TMT
In order to evaluate the DAC approach, a pilot study was
conducted for iTMT. The instances of computerized TMT
generated with the DAC approach was evaluated for the
following aspects:
•

•

Level of difficulty: whether the generated instances are
equivalent to Reitan’s paper-and-pencil TMT in terms of
test difficulty (as measured by total segment length and
visual interference).
Construct validity: whether the generated instances are
able to produce test results that are comparable to Reitan’s

paper-and-pencil TMT (as measured by time to completion).
• Test-retest reliability: whether the test results are consistent across different instances (as measured by time
to completion) and whether there are significant practice
effects.
The study involved 10 participants aged from 33 to 84, with
8 above 50 and 4 above 65. As age is an important factor
which affects cognitive abilities, we recruited participants from
a broad age range in order to include people with different
levels of cognitive abilities. Considering that some elderly
participants are illiterate or only had limited education, only
Part A of TMT was administered. Each subject was administered 3 tests consecutively, including 1 paper-and-pencil test
and 2 computerized tests on a tablet. The computerized tests
were generated by iTMT using the DAC approach. As the size
of test regions may affect the difficulty metrics, we used an
adapted version of Part A in Reitan’s TMT for the paper-andpencil test to control this factor. Reitan’s Part A is compressed
proportionally into a smaller test region which has an equal
area as the screen of the tablet used, with the relative positions
of the dots preserved.
Before conducting the tests, the participant was shown a
sample TMT with 8 dots so as to become familiar with the
connecting rules and test procedures. Then, the paper-andpencil test was administered to the participant. The time taken
to complete the trail, i.e. time to completion, was recorded
with a timer. After an interval of 30 seconds, two computerized
tests were administered to the participant consecutively. The
test statistics were recorded by iTMT for later analysis.
A. Level of Difficulty
As proposed in [19], we use total segment length and
visual interference as two metrics for the difficulty of TMTs.
Total segment length is defined as the summed length of
the shortest line segments connecting successive dots. Visual
interference is quantified by summing the number of dots
that lie within 3cm of each line segment. The two metrics
of the paper-and-pencil TMT administered in the study were
calculated and used as normative values for evaluating the
computerized tests. The paper-and-pencil TMT has a total
segment length of 135.9cm and visual interference of 49. For
each of the 20 computerized tests (2 per participant × 10)
administered during the study, its total segment length and
visual interference was calculated. Two t-tests were performed
to determine whether the computerized tests generated by
iTMT have a similar level of difficulty to the paper-and-pencil
test. One t-test compared the mean of total segment length
(µseg ) of computerized tests and the total segment length of the
paper-and-pencil test with the null hypothesize µseg = 135.9.
As p = 0.33 > α = 0.05 (t0 = 0.98 < t0.05,19 = 2.093),
we accept the null hypothesize. The other t-test compared the
mean of visual interference (µvis ) of computerized tests and
the visual interference of the paper-and-pencil test with the
null hypothesize µvis = 49. Since p = 0.31 > α = 0.05
(t0 = 1.04 < t0.05,19 = 2.093), we also accept H0 .
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The test results suggest that there is no significant difference
between the computerized tests and the paper-and-pencil test
in terms of total segment length and visual interference. Hence,
the results further indicate that, as measured by these two
metrics, computerized tests and the paper-and-pencil test can
be considered to have a similar level of difficulty.
TABLE III
H YPOTHESIS T ESTS FOR S EGMENT L ENGTH
(α = 0.05)

AND

V ISUAL I NTERFERENCE

x̄

p value

t score

t0

Result

Segment
length
µseg = 135.9

141

0.33

0.98

2.093

Accept H0

Visual interference
µvis = 49

51.19

0.31

1.04

2.093

Accept H0

H0

(a) Paper-and-pencil test vs 1st iTMT test

B. Construct Validity
The construct validity of the computerized tests generated
by iTMT was measured by correlating the time taken by the
same participant to complete a computerized test and the
paper-and-pencil test. The Pearson Product-Moment correlations between time to completion are shown in Fig. 6. The
time taken by a participant to complete the 1st computerized
test was positively correlated with the time he/she needs to
complete the paper-and-pencil test (r = 0.89, p = 0.0006).
Positive correlation was also reported between the time to
completion of the 2nd computerized test and the paperand-pencil test, with a higher correlation coefficient (r =
0.97, p = 0). Both correlations reached statistical significance
(p < 0.01), indicating significant linear relationships between
the time to completion of computerized tests and paper-andpencil test. Compared to eTrails [22], an existing computerized
test that achieved moderate correlation with the paper-andpencil test (highest r = 0.668), iTMT demonstrated a much
stronger correlation with the paper-and-pencil test (r = 0.89
and 0.97). When test performance was measured by time to
completion, the computerized tests generated by iTMT were
able to produce test scores that are highly correlated with the
paper-and-pencil test score of the same participant, suggesting
high construct validity of the computerized tests.

Fig. 6. Pearson correlations between the time to completion

Fig. 7. Pearson correlation between time to completion (1st vs 2nd test)

TABLE IV
C OMPARISON AMONG iTMT

(b) Paper-and-pencil test vs 2nd iTMT test

AND OTHER EXISTING COMPUTERIZED

TMT

Name

Construct Validity
(Measured by r)

Test-retest Reliability
(Measured by r)

Test-retest Reliability
(Measured by % reduction)

iTMT

0.89, 0.97

0.93

5.58%

eTrails

0.668

0.62

10.33%

C-TMT

-

0.87

12%

C. Test-retest Reliability
The test-retest reliability of the computerized tests generated
by iTMT was calculated by correlating the time taken to
complete the 1st and the 2nd computerized test. The Pearson
Product-Moment correlation between the time to completion

of two computerized tests is shown in Fig. 7. Significant linear
relationship was observed between the time to completion
of the two computerized tests (r = 0.93). iTMT achieved
considerably higher test-retest reliability than eTrails (highest
r = 0.62) [22] and C-TMT (ICC = 0.87) [21]. Moreover,
iTMT was found to have almost no discernible practice
effects. As shown in Fig. 7, some participants took longer to
complete the 1st test, while others took longer to complete the
2nd test on iTMT. From the first to the second administration,
the average time to completion was only reduced by 5.58%.
While the reduction in average time to completion for eTrail
[22] was 10.33% and 12% for C-TMT [21]. Comparatively,
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iTMT was less susceptible to practice effects, providing further
evidence to support its high reliability when administered
repeatedly.
VII. C ONCLUSION
In this paper, we proposed a divide-and-combine (DAC)
approach to generate instances of TMT that can be used in
longitudinal cognitive assessment. Our proposed approach is
able to generated a theoretically unlimited number of different
TMT instances which can be used in consecutive test administrations. Moreover, the instances generated by the proposed
approach have a similar level of difficulty to Reitan’s paperand-pencil TMT by reproducing its spatial characteristics. We
also created a test application, iTMT, which implements the
DAC approach to generate computerized TMTs. The preliminary results from the pilot study support the effectiveness of
our DAC approach. Compared to existing computerized tests,
the instances of TMT generated by the approach produced
test results that were significantly more correlated with results
of Reitan’s TMT. Similar difficulty and highly correlated
results suggest that these instances possess similar diagnostic
power to the Reitan’s TMT and are able to better distinguish
subjects with different level of cognitive functioning. iTMT
also demonstrated higher test-retest reliability and significantly
reduced practice effects than existing computerized tests.
Due to the illiteracy of some participants, only TMT Part
A and its computerized versions were tested in this study.
In the future, we plan to study Part B in a similar way.
Moreover, in order to validate the feasibility in employing
iTMT in assessment over a long time period, it is worthwhile
to study how test performance of it would change beyond the
2nd administration. Further experiments need to be conducted
to find out whether the test performance of iTMT is convergent
and how does the test performance converge.
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Abstract—Today, major population centres in the world (e.g.,
U.S., China, and Japan) are experiencing population aging. The
number of senior citizens aged 65 and above will equate those
below the age of 15. Technological innovations are needed in
order to mitigate the emotional, cognitive, and socio-economic
challenges of population aging. As the current generation of
seniors demonstrate relative good health and willingness to
contribute to productive aging activities after retirement, the
prevailing perception which used to regard seniors as being
similar to the handicapped has changed. Such a change in
perception has initiated a change in the gerontechnologies
landscape from one primarily focused on assistive technologies
towards one encompassing more diverse aspects of wellbeing.
Over the years, the research community has made progress in
many areas of crowd computing including affective computing,
cognitive agents, and crowdsourcing. However, little effort has
been directed at enabling intelligent agents to serve the elderly.
As seniors’ characteristics and needs can be very different from
those of the young, many existing agent techniques must be
adapted in light of gerontology research results in order to
be re-contexted for the elderly. In this paper, we highlight the
challenges and opportunities for crowd computing research in
addressing population aging challenges. We will discuss a number
of areas where significant innovations can emerge by combining
crowd computing with gerontology research, and explore ways
for the research community to organize its resources to help
societies adjust to population aging.
Index Terms—Population aging; crowdsourcing

I. I NTRODUCTION
A. Aging in the 21st Century
In the 1900s, the life expectancy at birth in the United States
was 47. A hundred years later, this number has increased to
over 76 years, and will likely reach 83 years by 2050 [1]. At
the start of the 20th Century, about 4% of the U.S. population
was over the age of 65. In 2000, that percentage has climbed
to 13%. By the year 2050, the number of senior citizens (i.e.,
those aged 65 and above) will reach around 2 billion and
equate those below the age of 15 [2].
This unprecedented wave of population aging is now sweeping through many nations. Japan and Germany have already
been termed “Super Aged” nations (with more than 20% of the
population over 65), with Canada, Spain, Finland and Greece
lined up to join this category by 2020 [3]. By 2030, other major
countries such as the U.S., UK, China and Australia will also
become Super Aged nations. Such a worrying trend is putting
increasing strains on healthcare systems and public health
budgets, and prompting many to caution about a worldwide
“silver tsunami” [4].

Currently, the prevailing perception of senior citizens is that
they are physically and cognitively frail. With this perception,
much research effort in the field of gerontechnologies focuses on developing assistive technologies for the elderly [5].
Telehealth and other remote care technologies which strive
to offer an alternative model of care to hospitals and senior
homes have received much interest from funding agencies and
investors [6], [7], [8].
However, with improved nutrition and medical care, most
seniors are enjoying many more years of relative health than
previous generations. Almost 90% of those aged 65 to 74 in
the U.S. report no disability. Even after the age of 85, 40%
of the population is fully functional. Today, between the age
of 65 to 80, most American men will remain fully functional
for 12 out of the 15 years on average [9].
Furthermore, there is more to successful aging than just
delaying the onset of physical or cognitive declines [10], [11].
As the demographic shift towards fewer young people takes
place, there is also some questioning of the traditional contract
between the working generation and the retired generation.
Traditionally, the intergenerational contract has been built
on the basis of intergenerational reciprocity. As the oldage support ratio around the world dwindles [12], the new
norm is likely to require seniors to bear more of the costs
of their longer lives through active participation in socioeconomic development activities post retirement [2]. To age
successfully, the maintenance or enhancement of physical
and cognitive functions and full engagement in life through
productive activities and social connections will be the key foci
[13], [14], [15], [16]. Therefore, gerontechnologies should also
change from treating seniors similar to the disabled to actively
engaging them in various aspects of successful aging.
B. Challenges and Opportunities for Crowd Computing
The challenges of global population aging coincide with
the rapid development in crowd computing in the first decade
of the 21st Century. Crowd computing is concerned with the
research of information processing systems in which humans
participate to contribute their intelligence, effort, time and/or
resources. As an interdisciplinary and multi-faceted field,
crowd computing research has yielded many technologies that
can potentially help seniors age successfully. In a world where
technologies permeate people’s lives, it is difficult for seniors
who tend to be technologically less savvy than the young to
engage in meaningful activities. For instance, one has to be
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familiar with such technologies as Skype to make a simple
phone call to an overseas relative with affordable costs.
It is not feasible to expect each senior to be aware of the
full range of relevant possibilities brought about by various
technologies, and be able to pull them together manually.
Thus, technologies with simple user experience which can
proactively guide users’ interactions based on their objectives
and constraints are needed. In order not to dehumanize seniors
with technologies, it is also important to strike a balance of
control between senior users and machines. Crowd computing
offers great promises to addressing this challenge.
Many existing individual dimensions of crowd computing
research (e.g., affect, trust and planning) [17], when re-looked
in the context of interacting with the elderly, can lead to novel
research breakthroughs. In particular, more opportunities for
breakthroughs appear in the “soft” aspects of aging which
concern seniors’ emotional and cognitive wellbeing as well
participation in productive aging activities. In order to make a
more significant impact, an ecological approach to organize the
resources across multiple research teams to build synergy is
needed to tackle system-level challenges. In this paper, we will
discuss a number of areas where breakthroughs can emerge by
combining crowd computing with gerontology research, and
ways for the research community to organize its resources to
help societies adjust to population aging.
II. E MOTIONAL C OMPANIONSHIP
Due to falling birth rates and many young people seeking
opportunities away from their home towns, an increasing
number of senior citizens are being left behind. These elderly
only households with seniors living away from their caregivers
are referred to as “empty nest” households. In China, 31.8% of
the 202 million people aged above 60 years live on their own
or with a spouse [18]. For this group of empty nest seniors,
the lack of emotional companionship is a significant challenge
[19].
Affective computing is an emerging research field which
is concerned with making sense of people’s emotions based
on various sources of information and enabling computational
entities to display appropriate believable emotions [20]. Over
the years, the researchers have produced many methods to impart emotional capabilities on virtual interactive technologies
to enhance the believability of artificial emotional interactions
with users [21], [22], [23], [24], [25], [26]. These techniques
serve as a promising basis for designing next generation virtual
companions to provide emotional companionship to empty
nest seniors.
The key challenge to fulfilling this goal lies in seniors’
emotional characteristics which are different from those of the
subjects often studied in agent research (typically technologysavvy young adults [27]). For example, according to the
Socioemotional Selectivity Theory (SST), when people perceive their future as open ended (e.g., when they are young),
they tend to focus on future-oriented and development-related
goals. However, when they feel that time is running out and
the opportunity to reap rewards from future-oriented goals’

realization is dwindling (e.g., at old age), their focus tends to
shift towards present- and emotion-related goals [28]. In addition, seniors who have been able to maintain good wellbeing
in old age have reduced responsiveness to regret compared
to their less well-to-do peers or people from younger age
group [29]. These results affect the seniors’ objective functions
and, in turn, how human-centred technologies optimize their
emotional responses to seniors. In order for this to happen,
a pre-requisite is to find suitable and efficient ways to infuse
these considerations into the computational emotional models
of senior citizens.
III. C OGNITIVE S UPPORT
Cognitively degenerative diseases, such as Parkinson’s disease, pose serious negative impact on seniors’ ability to live
actively and independently [30]. Although not yet officially
recognized as a form of disability, many international advocacy groups, such as Alzhemer’s Disease International (http:
//www.alz.co.uk/), are pushing for changes in legislations so
that dementia patients can be supported by disability benefits
provided by many governments.
In recent years, agent-oriented systems are starting to emerge to help doctors understand seniors with dementia and
provide possible rehabilitation support [31], [32]. Nevertheless, the group of seniors clinically classified as dementia
patients makes up only a small fraction (less than 1%) of
the population (http://www.alz.org/facts/). Most seniors suffer
from general decline in cognitive functions as their age advances. The declines in cognitive functions are most significant
in terms of memory capabilities [33]. The type of memory
which poses the most challenge to active independent living
is prospective memory (PM).
Prospective memory is a form of memory that involves
remembering to perform a planned action or intention at some
future point in time [34]. PM tasks are highly prevalent in daily
life and range from relatively simple tasks (e.g., remembering
to buy groceries) to life-or-death situations (e.g., remembering
to take the correct medications). The deterioration in PM is one
of the causes of a worldwide challenge - how to help seniors
who live on their own adhere to prescribed treatments. Smart
pillbox technology alone cannot address this challenge completely [35]. The key difficulties are: 1) distinguishing between
the action of removing medications from the containers and
the action of administering the medication; and 2) providing
effective and yet non-intrusive reminders so as not to annoy
the users and build long term trust [36], [37]. The emerging
works on personalized PM agents [38] and persuasive agents
[39] hold promising potential to address these issues.
IV. P RODUCTIVE AGING
Productive aging activities (e.g., volunteering), even those
providing no enhancement to fitness, have been found to lower
the risk of mortality as much as fitness activities do [40].
Crowdsourcing presents a promising solution for bridging
seniors with productive aging activities in a flexible way.
Currently, no commercial crowdsourcing platforms provide
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explicit support to elderly users. Nevertheless, technology
components for building crowdsourcing platforms for productive aging are starting to emerge.
In [41], [42], knowledge representation tools that provide
a human interpretable format for representing knowledge and
processes which can also be easily interpreted by a computer
have been proposed. For motivating the elderly to participate
in crowdsourcing, works that combine human factors into
intelligent agents such as in [43] can be leveraged. Support
for collaboration among older crowdsourcing workers can be
achieved through multi-agent organization technologies [44] as
well as intelligent interface agents [45], [46], [31]. Trustworthy
computing research also provides many useful models to
foster trust among the older workers [47], [48], [49], [50],
[51]. In addition, intelligent technologies are emerging which
can help optimize the quality-time-cost trade-off to improve
the productivity of large crowdsourcing systems [52], [53],
[54], [55], [56], [57], even in situations in which workers
with diverse skills must collaborate to accomplish tasks [58],
[59]. These innovative intelligent technologies, combined with
appropriate changes in policies governing the hiring of older
workers, hold the key to sustaining socio-economic growth in
aging societies. With a recently published large-scale dataset
on crowdsourcing decision-making strategies demonstrated by
users [60], the research community can work towards more
intelligent and personalized crowdsourcing control strategies
to help seniors achieve productive aging.
V. G LOBAL P ROGRAMMES S UPPORTING ACTIVE AGING

them can apply for financial incentives from WorkPro. Lastly,
companies which re-hire retirees can apply for grants from
WorkPro in order to re-design the workplace to make it agefriendly, and train their human resource executives to be more
well-versed in how to engage with aged workers. This resembles very much the complex workflows of inter-generational
collaborative crowdsourcing in which workers with different
skills cooperate to solve tasks that cannot be accomplished
by an individual [58]. If crowd computing can be used to
complement the WorkPro programme, it is possible to enable
the programme to transcend organizational boundaries and
enable a larger pool of retirees to work on projects they are
interested in whenever they wish to.

Government

Employees

Help
Work

Businesses

Flexible
Retirees
Work
Arrangement

As the important socio-economic impact of population
aging becomes increasingly apparent, governments and organizations of countries in the front line of this demographic
shift are starting to formulate various initiatives and programmes supporting the aging populations. In this section,
we highlight several examples of such policies from aging
countries, including those initiated in a top-down manner by
the governments and those initiated in a bottom-up manner by
grassroots organizations, and how crowd computing research
can make an impact under these policy frameworks.
In Singapore, the policy follows the top-down approach. A
major policy initiative closely related to active aging is the
WorkPro programme1 which focuses on incentivizing retirees
to keep contributing to national development. Through the
WorkPro programme, the government provides the much needed monetary support to promote companies to hire qualified
retirees back to the workforce in order to tap into their
skills and experience horned over entire careers. The scheme
includes three types of monetary support as illustrated in
Figure 1. Firstly, retirees who wish to re-enter the workforce
can apply for salary top-ups and bonuses from WorkPro if
they stay in the workforce for a designated amount of time.
Secondly, current employees of companies re-hiring retirees
who are willing to provide on job training and support for

Similar to Singapore, China’s Mass Entrepreneurship and
Innovation (MEI) programme2 is also a top down approach
for crowdsourcing entrepreneurship and innovative ideas. MEI
is not specifically aimed at active and productive aging. It is
a more open-ended call for entrepreneurship and innovation
by mass collaboration. However, the scheme has provided
a platform for the elderly who have the experience, skills,
or capital to take up different roles in the entrepreneurship
and innovation processes. The MEI programme consists of
nine different aspects of governance reform to better support
the emergence of mass entrepreneurship and innovation. They
include:
1) Institutional mechanisms reform to promote fair competition and talent recruitment;
2) Optimizing financial policies and support from related
government bodies to support MEI;
3) Financial market reforms to nurture crowd-funding;
4) Providing support for start-up companies;

1 http://www.mom.gov.sg/employment-practices/
schemes-for-employers-and-employees/workpro

2 http://english.gov.cn/policies/latest releases/2015/06/16/content
281475128473681.htm

Fig. 1. The WorkPro Programme in Singapore.
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Under the MEI programme, many crowdsourcing based
MEI businesses are starting to emerge in China. For example,
the Weitianshi Alliance3 focuses on building a community
of experienced small scale angel investors (who are often
senior citizens) to serve as mentors for the young who wish
to start up their own businesses based on their innovative
ideas. The mentors have the options to invest their own money
into start-up companies in which they see potential, and can
play an active role in helping the young technopreneurs steer
the companies towards success. In exchange, the mentors
are given shares in the companies they supervise. Feedbacks
from both the mentors and the technopreneurs are tracked in
order to help them build up a profile which can be seen by
future users when they decide which mentor/technopreneur
to approach. Major Internet companies in China, such as
Baidu4 , Tencent5,6 , and Taobao7 , have all set up their crowd
funding platforms to support MEI. As crowdsourcing based
platforms for MEI experience a period of rapid development
in China, crowd computing related research and development
will receive increasing attention accordingly.
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Fig. 3. Cumulative percentage distribution of annual income derived from
crowdsourced work by people aged 50 and above in Japan.

100%
90%
Percentage of Respondants

5) Develop services (e.g., incubators) to support MEI;
6) Establish technological and regional platforms to support
MEI;
7) Inspire MEI through educational reforms and the recruitment of overseas talents;
8) Boost MEI in underdeveloped rural areas to improve
local employment opportunities; and
9) Inter-governmental body cooperation to oversee the implementation of the schemes under the MEI programme.
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Fig. 4. Reasons cited by people aged 50 and above in Japan for joining
crowdsourcing.

Fig. 2. An overview of the inter-generational collaborative crowdsourcing for
producing e-books in traditional Japanese scripts [61].

In contrast, Japan has embraced crowdsourcing as a tool
for active and productive aging following more of a bottomup approach. An example of collaborative crowdsourcing for
productive aging in Japan is shown in Figure 2. In this case,
people across different generations contribute their knowledge
to convert traditional Japanese scripts into e-books. The elderly
3 http://www.weitianshi.cn/
4 http://8.baidu.com/rich/film/100000
5 http://gongyi.qq.com/succor/index.htm
6 http://www.webank.com/
7 https://izhongchou.taobao.com/index.htm
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Fig. 5. Growth trajectory of users aged 50 and above in CrowdWorks, Japan.

who are familiar with the intricacies of traditional Japanese
scripts contribute their linguistic knowledge, while the young
assist the elderly by providing their technical knowhow (i.e.
scanning books with traditional Japanese scripts to enable
elderly workers to process them) [61].
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In Japan, crowdsourcing is starting to become a viable
source of work and income for many people aged 50 and
above. According to a recent survey8 conducted by Crowdworks – a crowdsourcing marketplace in Japan, the cumulative
distribution of annual income derived from crowdsourced work
by people aged 50 and above in Japan is as illustrated in Figure
3. It can be observed that over 50% of aged crowdsourcing
workers earn between US$1,200 to US$12,000 annually from
performance crowdsourced tasks, making it a significant supplementary component of their income. More than 10% of
them can even earn between US$36,000 to US$70,000 per
year from crowdsourced work, significantly higher than the
average annual income by working age adults in Japan.
Various reasons are cited by the aged survey respondants
about why they join crowdsourcing (Figure 4). Over 60% of
them did so in order to obtain more income during their spare
time. Having fun is also a compelling reason with more than
40% of them selecting it as one of the reasons they join
crowdsourcing. Socializing is also an important reason for
more than 30% of them for joining crowdsourcing. Around a
quarter of them selected acquiring business skills as one of the
reasons, indicating that crowdsourcing can also be perceived
as a venue for personal growth and life-long learning. So
far, the number of crowdsourcing workers aged 50 and above
is growing at an exponential rate in CrowdWorks in Japan
(Figure 5).
VI. M OVING F ORWARD
In recent years, crowd computing as a field has achieved
significant advances and demonstrated practical impact in
many application domains. Going forward, we envision crowdpowered humanized artificial intelligence (AI) beings will be
needed to fulfill many roles in serving the elderly population
in a world with decreasing younger populations. The research
community has made much progress in the human-centric
aspects of crowd computing and human-agent interactions
which laid a strong foundation for addressing population aging
challenges. We believe by embracing population aging challenges as one of the foci for the research community, crowd
computing as a field will find many exciting opportunities to
strive in the coming decades.
A growing number of aging research centres focusing on
information technology are emerging around the world (e.g.,
the LILY Research Centre, Singapore; AGE-WELL, Canada;
and Institute for Aging, New Castle University, UK). These
centres could create and organize clusters of crowd computing research efforts to build up inter-disciplinary research
initiatives leading to agent-based solutions to population aging challenges. In addition, these centres could also help
coordinate the involvement of seniors from diverse cultural
backgrounds into various stages of research. As such, aging
research centres would be excellent partners for the crowd
computing research community in the effort to create agefriendly crowd computing ecosystems of tomorrow.
8 http://thebridge.jp/en/2013/06/japan-seniors-employment
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[35] M. Suárez-Varela and et al, “Study on the use of a smart pillbox to
improve treatment compliance,” Atención Primaria, vol. 41, no. 4, pp.
185–191, 2009.
[36] Z. Shen, H. Yu, C. Miao, and J. Weng, “Trust-based web-service
selection in virtual communities,” Journal for Web Intelligence and
Agent Systems (WIAS), vol. 9, no. 3, pp. 227–238, 2011.
[37] S. Liu, Z. Shen, H. Yu, H. Lin, Z. Guo, Z. Pan, C. Miao, and C. Leung,
“A kinect-based interactive game for improving the cognitive inhibition
of the elderly,” in Proceedings of the 15th International Conference on
Autonomous Agents and Multi-Agent Systems (AAMAS’16), 2016.
[38] H. Lin, J. Hou, H. Yu, Z. Shen, and C. Miao, “An agent-based game
platform for exercising people’s prospective memory,” in Proceedings of
the 2015 IEEE/WIC/ACM International Conference on Web Intelligence
and Intelligent Agent Technology (WI-IAT’15), 2015, pp. 235–236.
[39] Y. Kang, A.-H. Tan, and C. Miao, “An adaptive computational model
for personalized persuasion,” in Proceedings of the 24th International
Joint Conference on Artificial Intelligence (IJCAI’15), 2015, pp. 61–67.
[40] T. A. Glass, C. M. de Leon, R. A. Marottoli, and L. F. Berkman,
“Population based study of social and productive activities as predictors
of survival among elderly americans,” British Medical Journal, vol. 319,
no. 7208, pp. 478–483, 1999.
[41] H. Yu, Z. Shen, and C. Miao, “Intelligent software agent design tool using goal net methodology,” in Proceedings of the 2007 IEEE/WIC/ACM
International Conference on Web Intelligence and Intelligent Agent
Technology (WI-IAT’07), 2007, pp. 43–46.

[42] ——, “A goal-oriented development tool to automate the incorporation
of intelligent agents into interactive digital media applications,” ACM
Computers in Entertainment (CIE), vol. 6, no. 2, 2008.
[43] H. Yu, Z. Shen, C. Miao, and A.-H. Tan, “A simple curious agent to help
people be curious,” in Proceeding of the 10th International Conference
on Autonomous Agent and Multi-Agent Systems (AAMAS’11), 2011, pp.
1159–1160.
[44] B. Li, H. Yu, Z. Shen, and C. Miao, “Evolutionary organizational
search,” in Proceeding of the 9th International Conference on Autonomous Agent and Multi-Agent Systems (AAMAS’09), 2009, pp. 1329–
1330.
[45] H. Yu, Y. Cai, Z. Shen, X. Tao, and C. Miao, “Agents as intelligent
user interfaces for the net generation,” in Proceedings of the 15th
International Conference on Intelligent User Interfaces (IUI’10), 2010,
pp. 429–430.
[46] Q. Wu, X. Han, H. Yu, C. Miao, and Z. Shen, “The innovative
applications of learning companions in virtual singapura,” in Proceeding
of the 12th International Conference on Autonomous Agent and MultiAgent Systems (AAMAS’13), 2013, pp. 1171–1172.
[47] H. Yu, Z. Shen, C. Miao, C. Leung, and D. Niyato, “A survey of
trust and reputation management systems in wireless communications,”
Proceedings of the IEEE (Proc. IEEE), vol. 98, no. 10, pp. 1755–1772,
2010.
[48] H. Yu, Z. Shen, C. Leung, C. Miao, and V. R. Lesser, “A survey of
multi-agent trust management systems,” IEEE Access, vol. 1, no. 1, pp.
35–50, 2013.
[49] S. Liu, H. Yu, C. Miao, and A. C. Kot, “A fuzzy logic based reputation model against unfair ratings,” in Proceeding of the 12th International Conference on Autonomous Agent and Multi-Agent Systems
(AAMAS’13), 2013, pp. 821–828.
[50] L. Qiu, H. Lin, C.-Y. Chiu, and P. Liu, “Online collective behaviors
in china: dimensions and motivations,” Analyses of Social Issues and
Public Policy, 2014.
[51] Y. Liu, J. Zhang, H. Yu, and C. Miao, “Reputation-aware continuous
double auction,” in Proceedings of the 28th AAAI Conference on
Artificial Intelligence (AAAI-14), 2014, pp. 3126–3127.
[52] H. Yu, Z. Shen, C. Miao, and B. An, “A reputation-aware decisionmaking approach for improving the efficiency of crowdsourcing systems,” in Proceeding of the 12th International Conference on Autonomous
Agent and Multi-Agent Systems (AAMAS’13), 2013, pp. 1315–1316.
[53] H. Yu, C. Miao, B. An, C. Leung, and V. R. Lesser, “A reputation management approach for resource constrained trustee agents,” in
Proceedings of the 23rd International Joint Conference on Artificial
Intelligence (IJCAI’13), 2013, pp. 418–424.
[54] H. Yu, C. Miao, B. An, Z. Shen, and C. Leung, “Reputation-aware
task allocation for human trustees,” in Proceeding of the 13th International Conference on Autonomous Agent and Multi-Agent Systems
(AAMAS’14), 2014, pp. 357–364.
[55] H. Yu, X. Yu, S. F. Lim, J. Lin, Z. Shen, and C. Miao, “A multiagent game for studying human decision making,” in Proceeding of the
13th International Conference on Autonomous Agent and Multi-Agent
Systems (AAMAS’14), 2014, pp. 1661–1662.
[56] H. Yu, C. Miao, Z. Shen, and C. Leung, “Efficient task sub-delegation
for crowdsourcing,” in Proceedings of the 29th AAAI Conference on
Artificial Intelligence (AAAI-15), 2015, pp. 1305–1311.
[57] ——, “Quality and budget aware task allocation for spatial crowdsourcing,” in Proceeding of the 14th International Conference on Autonomous
Agent and Multi-Agent Systems (AAMAS’15), 2015, pp. 1689–1690.
[58] Z. Pan, H. Yu, C. Miao, and C. Leung, “Efficient collaborative crowdsourcing,” in Proceedings of the 30th AAAI Conference on Artificial
Intelligence (AAAI-16), 2016.
[59] H. Yu, C. Miao, S. Liu, Z. Pan, N. S. B. Khalid, Z. Shen, and C. Leung,
“Productive aging through intelligent personalized crowdsourcing,” in
Proceedings of the 30th AAAI Conference on Artificial Intelligence
(AAAI-16), 2016.
[60] H. Yu, C. Miao, Z. Shen, J. Lin, C. Leung, and Q. Yang, “Infusing
human factors into algorithmic crowdsourcing,” in Proceedings of the
28th Conference on Innovative Applications of Artificial Intelligence
(IAAI-16), 2016.
[61] M. Kobayashi, T. Ishihara, T. Itoko, H. Takagi, and C. Asakawa, “Agebased task specialization for crowdsourced proofreading,” in Proceedings of the 7th international conference on Universal Access in HumanComputer Interaction (UAHCI’13), 2013, pp. 104–112.

© 2016, Association for Crowd Science and Engineering (ACE). All rights reserved.

31

Proceedings of the 2016 International Conference on Crowd Science and Engineering (ICCSE 2016)

Crowd Science and Engineering: Concept and
Research Framework
Yueting Chai1, Chunyan Miao2, Baowen Sun3, Yongqing Zheng4, Qingzhong Li4
1

National Engineering Laboratory for E-commerce Technologies, Tsinghua University
2
Nanyang Technological University, Singapore
3
Central University of Finance and Economics
4
Shangdong University
chaiyt@tsinghua.edu.cn, ascymiao@ntu.edu.sg, sunbaowen@263.net,
zhengyongqing@dareway.com.cn, lqz@sdu.edu.cn

Abstract—The synthetic application and interaction of/between
the Internet, Internet of Things (IOT), cloud computing, big data,
Industry 4.0 and other new patterns and new technologies shall
breed future web-based industrial operation system and social
operation management patterns, manifesting as a crowd cyber
eco-system composed of multiple interconnected intelligent
agents (enterprises, individuals and governmental agencies) and
its dynamic behaviors. To explore the basic principles and laws of
such a system and its behavior, we propose the concepts of crowd
science and engineering (CSE) and expound its main content,
thus to form a research framework of theories and methodologies
of crowd science, which is expected to substantially promote the
formation and development of crowd science and thus lay a
foundation for the advancement of web-based industrial
operation system and social operation management patterns.
Index Terms—crowd science, modeling and simulation, ecology,
transaction, intelligence, evolution, stability.

I. INTRODUCTION
Following the first industrial revolution marked by
invention of steam engine and the second industrial revolution
marked by invention of electric power, man has ushered in the
third industrial revolution with the Internet as the symbol.
Compared with the first two, the third one is transforming the
industrial forms and social operation patterns of the human
society in a more comprehensive and fundamental way. The
underlying reason is that the Internet has ignited man’s demand
and unleashed potential needs of humans, thus having formed
the motive power for Internet changing industry and social
operation mode.
With a great prospect for integrated development in various
fields, the Internet is exerting overall and strategic impact on
the economic and social development of various countries. For
this reason, major developed economies have drawn up
corresponding measures to gain the power of initiative in future
competition, for instance, Industry 4.0 in Germany and
Industry Internet in the U.S. Meanwhile, the Internet-based
economy represented by E-commerce has sprung up in China,
which is extending from consumption to industry, taking on
robust power in ensuring economic growth, adjusting
economic structure, stabilizing employment and promoting

innovations. Chinese government has in a timely manner made
a series of policies and strategies to promote E-commerce,
Internet Plus, IOT, big data, cloud computing, mass
entrepreneurship and innovation, crowd making, crowd
sourcing, crowd supporting and crowd funding, as well as
China Manufacturing 2025 Development Program, etc.
A comprehensive survey of the policies, measures and
action plans of various nations finds that most of them are
advancing the work through the perspectives of the Internet,
IOT, cloud computing, big data, Industry 4.0, etc. As a matter
of fact, the synthetic application and interaction of/between the
above-mentioned new patterns and new technologies shall
breed future web-based industrial operation system and social
operation management patterns. See Figure 1.
In comparison with traditional industrial operation system,
future web-based industrial operation system takes on the
following essential features: initiative, personalized
consumption,
immediacy,
centralized
circulation,
decentralization, smart production, self-organization and
ecologicalized system.
II. CONCEPT OF CROWD SCIENCE AND ENGINEERING
A deep analysis of general types and substantive
characteristics of future web-based industrial operation system
can easily identify a smart interconnected network system that
takes on the features of large scale, openness, self-organization
and ecologicalization. Hence, the system is called “Crowd
cyber System” in short, as shown in Figure 2. In terms of
components, this kind of network system take the forms of
smart entities composed of a great many intelligently
interconnected individuals, enterprises, governmental agencies
and articles, with sort of supply-demand relationship between
them. In terms of major behaviors on the network, the
interaction between any smart entities boils down to some sort
of transaction or behavior. From the perspective of system, the
network system is a ternary system of information, physics and
society. Openness, interconnection, cooperation and sharing
constitute the basic logic of the network system while stability,
efficiency, innovation and development are the targets the
system aims to fulfill.
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Figure 1: Future Web-based Industrial Operation System

Figure 2: Schematic diagram of crowd cyber system

The numerous intelligent agents (enterprises, institutions,
individuals and articles, etc.) in the crowd cyber system can
give full play to their wisdom and potentiality, interact with
each other and produce various kinds of unexpected nonlinear
behaviors and effects, which cannot be explained by an
existing discipline, but rather need the basic theories and
frontier achievements of multiple disciplines. Therefore, an
emerging interdiscipline is needed.
Therefore, we propose the concept of “crowd science and
engineering” (CSE). By use of knowledge of system theory,
information theory, cybernetics, computer science and
engineering, management, economics, sociology, psychology,
as well as the new technological means of IOT, cloud
computing, big data, artificial intelligence (AI), CSE aims to
explore the basic principles and laws of the swarm intelligence
activities of the ternary system of information, physics and
society in the context of large-scale online interconnection. In
so doing, it seeks to establish related methods and tools, give
full play to individual and group wisdom of mankind, tap into
the potentiality and effectively advance a new web-based
industrial operation system and social operation management
patterns.
With crowd cyber system as the object of study, crowd
science aims to establish the system of concepts of the crowd

cyber system featuring stability, efficiency, innovation and
development, the basic principles, behavior patterns and related
methodologies, thus laying a solid foundation for the webbased industry.
The essential questions to be addressed include:
1) How to construct the crowd cyber system to realize a
synchronic mapping in structure, information, behavior and
consciousness between individuals, enterprises, governmental
agencies and articles of the physical world and various
corresponding intelligent agents in the information world, and
support various kind of intelligent transaction behavior
between intelligent agents.
2) What kind of eco-structure and behavior mode will the
multiple intelligent agents take on to ensure the efficient
operation of the network system?
3) The originality of the crowd cyber system rests with the
multitude of its intelligence. What is intelligence? How to
measure it? What is the relationship between group intelligence
and individual intelligence of various intelligent agents? How
to make use of the group intelligence of the crowd cyber
system to measure the originality of the network system.
4) The sustainability of the crowd cyber system rests with
the evolution of various intelligent agents. What are the
mechanism, ways, orientations and conditions of various
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intelligent agents in the system? How to maintain the rational
evolution of various intelligent agents so as to arrive at the
sustainable development of the network system?
5) How to maintain the relative stability of the network
system and rule out breakdowns. This, in the real world, means
to avoid destructive “bubble economy”, “economic crisis” and
“subversive revolution”.
III. THE RESEARCH FRAMEWORK OF CROWD SCIENCE AND
ENGINEERING
In order to answer the basic questions mentioned above, the
research on the theories and methodologies of CSE mainly
concerns issues including: (1) research on the modeling and
simulation of crowd cyber system; (2) theoretical research on
the structure of crowd cyber eco-system; (3) theoretical
research on the intelligent transactions of crowd cyber system;
(4) research on the intelligence measurement methods of crowd
cyber system; (5) theoretical research on the evolution of
crowd cyber system; (6) theoretical research on the stability of
crowd cyber system.
A. Research on the Modeling and Simulation of Crowd cyber
Mainly dealing with the construction of crowd network, it
aims to build the mental models of network for various
intelligent agents (individuals, enterprises, governments and
things), so as to enable all intelligent agents in cyber space to
reflect individuals, enterprises, governments and things in the
real world comprehensively, authentically, correctly and
simultaneously. Such models refer to analytic model (for
computing), static structure model (for building different kinds
of systems), dynamic behavior model (for studying the
operational rules of systems), presentation model (for
presenting real individuals, enterprises, governments and things
in cyber space), and other intelligent interconnected models
and algorithms between all intelligent agents.
B. Theoretical Research on the Structure of Crowd Cyber
Eco-System
In the future web-based industrial system, varied properties
and features of industries or services will definitely result in a
large number of operation platforms for interconnected webbased industries and thus form industrial eco-structure. Then,
how many platforms are needed to sustain efficient running of
specific industrial systems? Should they be comprehensive,
semi-professional or professional? These actual questions
indicate the necessity of research on crowd cyber eco-system.
The eco-structure of crowd network is the relationship of
division and collaboration between intelligent agents that form
the network, while in terms of future web-based industries, it is
industrial organization form. Eco-structure is one of the key
factors affecting the efficiency of network operation.
In a certain industrial organization ecology, each intelligent
agent (each market entity) has its corresponding ecological
niche, which refers to the sum of an intelligent agent’s
particular position in time and space and its functional
relationship with other agents. The ecological niche and such
relationship will change as transaction efficiency changes, thus
eco-structure changes. Specific transaction efficiency goes with

its own eco-structure which is the most efficient structure for
the operation of crowd cyber or industrial systems. Transaction
efficiency is the main inducement to the evolution of ecostructure. That an intelligent agent’s ecological niche and its
relationship with other agents change after the changing
transaction efficiency is in fact a strategy adopted by the agent
according to its ecological niche and environmental variation.
Therefore, in eco-structure theories, the focuses of research lie
in the evolutionary dynamics, mechanisms and paths of ecostructure.
C. Theoretical Research on the Intelligent Transactions of
Crowd Network
The interaction between various intelligent agents that
constitute crowd network boils down to some transaction
activities or behaviors. A transaction activity involves the
supply side, demand side, objects and rules of the transaction.
Major problems in intelligent transactions to be tackled include:
1) to describe the needs of demand sides accurately and choose
the most suitable out of many supply sides; 2) to accurately
describe the needs of supply sides and choose the most suitable
out of many demand sides; 3) to quickly conclude transactions.
To cope with the above problems, the theoretical research on
intelligent transactions should focus on the following aspects:
(1) intelligent methods of acquiring the law of demand and
accurate demands; (2) intelligent methods of acquiring the law
of supply and accurate supplies; (3) methods of intelligent
matching transactions; (4) mechanisms and methods of
forming dynamic pricing; (5) methods of evaluating intelligent
transactions.
D. Research on the Intelligence Measurement Methods of
Crowd cyber
The purposes of research on the intelligence measurement
methods of crowd network are to evaluate the intelligence of
individuals and groups and to offer supports for evaluating the
innovation potential of individuals and groups. The research
focuses on the concept of standardized intelligence, and the
measurement methods of intelligence of individuals and groups.
There is no standardized concept of intelligence at present.
Intelligence and its nature have been studied by lots of
philosophers and brain scientists all around the world since
ancient times but still remain so mysterious that the occurrence
intelligence is among the four secrets of nature with other three
being the nature of matter, the origin of the universe and the
nature of life. We should, on the basis of existing research
results, attach a standardize concept to intelligence, which can
contribute to quantitative evaluation of intelligence.
Generally speaking, intelligence may be high or low, but to
what degree? Related research is short of fruits. We should
build a measurement model of individual intelligence to
calculate individual intelligence quantitatively. Meanwhile,
group intelligence is higher than individual intelligence in most
cases. But there is no research explaining the exact difference
and the relationships between them. We should build a crowd
cyber-based measurement model of intelligence to calculate
group intelligence quantitatively.
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E. Research on the Evolution of Crowd Network
The purpose of researching the co-evolution theories of
crowd network to support the sustainable development of webbased industries in the future with scientific evidence. To
achieve a sustainable development, an industry must, first,
create customers’ demands; second, satisfy these demands with
low cost and high efficiency; and third, get the most out of all
resources, particularly physical resources. All of these require
continuous innovation on products and services, improvement
in manufacturing or service process, and reduction in wastes of
resources. Such process of innovation or improvement is
manifested as a continuous evolution of specialized knowledge,
business process, ways of resource utilization in an
environment of market competition. In other words, to sift out
those lagging behind and promote those going ahead.
Therefore, research the co-evolution theories of crowd cyber
should focus on the following aspects: (1) evolution methods
of specialized knowledge; (2) co-evolution mechanisms and
algorithms of business process; (3) evolution mechanisms and
algorithms of resource utilization methods.
F. Theoretical Study on Crowd Network Stability
Stability is the foundation of everything, including the
future network-based industry. Of course, the stability in this
case is dynamical since the industry itself is developing. It can
be derived from existing research results that a stable network

cannot be established without the following factors: 1) Enough
network nodes. Otherwise, a network with every few network
nodes could be vulnerable to external interference, which
would ruin the network. 2) Excellent network connectivity.
Otherwise, a loose connection among network nodes would
result in a quick network partition under external interference.
3) Controllable differences among network nodes. Otherwise,
the internal imbalance and insoluble contradiction
intensification would cause the collapse of the network. Given
the above-mentioned factors, the concept of crowd cyber
stability should be raised and regularized while the crowd
cyber stability quantification methods are demonstrated, which
provide the basis of network stability evaluation and thus
facilitate the establishment of Crowd cyber Stability Model,
through which the solution comes out with network stability
status and relevant conditions.
REFERENCES
[1] G. Harari, Y. Sapiens, Y. Noah. ‘A Brief History of
Humankind’, translated by Lin Junhong, CITIC Press Corp.,
2014
[2] K. Kelly. ‘Out of Control: The New Biology of Machines,
Social Systems, and the Economic World’, Translated by
Dongxiwenku, New Star Press, 2013, Beijing.
[3] Jigang Bao. ‘The Economics of Information Entropy: the Way
of Human Development’, Economic Science Press , Beijing ,
2013

© 2016, Association for Crowd Science and Engineering (ACE). All rights reserved.

35

Proceedings of the 2016 International Conference on Crowd Science and Engineering (ICCSE 2016)

Crowd Wisdom Drives Intelligent Manufacturing
Jiaqi Lu, Shijun Liu+, Lizhen Cui, Li Pan, Lei Wu
School of Computer Science & Technology
Shandong University
Jinan, China
453429978@qq.com, {lsj, clz, panli, i_lily}@sdu.edu.cn

Abstract—A
fundamental
problem
for
intelligent
manufacturing is to equip the agents with the ability to make
judgments and decisions automatically. This paper introduces
the basic principle for intelligent crowds, attempts to show that
crowd wisdom could help make accurate judgments and proper
decisions, and illustrates the positive effect that crowd wisdom
could bring throughout the whole manufacturing process. Efforts
to support the critical role of crowd wisdom in intelligent
manufacturing involve theoretical explanation, including
reference to several prevailing concepts, such as C2B,
crowdfunding, an interpretation to the contemporary Big Data
mania. Finally, an empirical study with three business cases
reinforces that our ideas could well explain the current business
phenomena as well as guides the future of manufacturing.
Keywords—crowd wisdom; crowd science; big data; intelligent
manufacturing

I.

INTRODUCTION

Intelligent Manufacturing is the development and
implementation of intelligent machine in manufacturing. It
refers to the use of production process technology that can
automatically adapt to changing environments and varying
process requirements, with the capability of manufacturing
various products with minimal supervision and assistance
from operators [1],[2].
An urgent need is to endow machines with intelligence, in
order to achieve the goal of intelligent decision-making in the
process of manufacture. Getting more insight into our massive
customer group in the current Internet Era, there never has
been a time like this when enterprises can access such a
massive crowd, constituted by individuals with various
backgrounds, coming from different countries and districts. A
crowd of diverse strangers, what a coincidence, isn’t’ it our
desired intelligent crowd? In fact, C2B mode is calling for
industry to make good use of crowd wisdom.
In this paper, we propose crowd wisdom working as the
brain of manufacturing. Plenty of examples prove that a
qualified crowd would make wise decisions and accurate
judgments, with the abundant information collected by the
consisting individuals. Thus we apply the theory onto
manufacturing, point out that with various data contributed by
the crowd, including customers especially, manufacturing
decision could be obtained, and we try to explicate the reason
why Big Data is key to intelligent manufacturing in the
perspective of crowd wisdom.

The rest of the paper is organized as follows. Section 2
explicates the base of crowd wisdom, including the
qualification for an intelligent crowd and the source of its
wisdom. Section 3 introduces the crowd participating in detail
and how it contributes to intelligent manufacturing. Section 4
strengthens our points with several cases where enterprises
utilize crowd wisdom, which is of great help. Section 5
concludes the paper.
II.

THE PRINCIPLE OF CROWD WISDOM

Predecessors’ works revealed an amazing fact: the wisdom
of crowds is incredibly surprising. In 1906, a British scientist,
Francis Galton invited 800 participants to evaluate the weight
of an ox. Some of the participants are experts on agriculture,
while the others are sheer laymen. The average evaluation of
the crowd is only one pound less than the real weight [3].
Individuals make their own judgments on the same topic
independently. When the judgments aggregate, the crowd’s
judgment would be incredibly close to the fact. In fact, the
aggregate judgment is often accurate even in the case of
predicting future. Firstly, we analyze the key principles of
crowd wisdom.
A. Characterristics of Intelligent Crowd
Aggregating individuals’ judgment then we’ll obtain a
good judgment. The approach is seemingly too naïve to be real.
But unfortunately, not all crowds possess such sharp
judgment.
J.Surowiecki
elaborated
the
necessary
characteristics of a crowd with great wisdom in his work, that
is, under decentralization system, a diverse crowd constituted
of independent individuals would make good judgment [3].
Fig. 1 shows the characteristics and how they are related to
each other.
The base of crowd wisdom is the private information
within an individual’s judgment. The information from each
individual partly depicts the fact more or less. When a large
amount of information from the individuals aggregate,
information counteracts and complements. Thus mistakes
cancels out, and the crowd possesses the whole information
about the truth. This guarantees the authenticity of the crowd’s
judgment, as well as the decision derived.
The wisdom comes from the crowd, as the crowd owns
abundant information. Ultimately, the wisdom comes from the
information. And the reason why we request the diversity of
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crowd is that we have to make sure that the information from
the crowd is truly comprehensive rather than duplicates of the
same information in diverse expressions.

Fig. 1. Characteristics of intelligent crowd

B. Diversity of the Crowd
Generally speaking, making a crowd judgment is a twostage process. The first stage is searching for a judgment pool,
which is the collection of each individual’s own judgment
utilizing his or her private information. And the second stage
is obtaining a crowd judgment, by means of aggregating the
judgment of every individual in the crowd with a particular
technique.
It is obvious that the more extensive the judgment pool, the
more preferable, as a good judgment is more likely to be
included, enter the second-stage, and impact the final
judgment rather than being ignored regretfully.
Hence now our problem is how to extend our judgment
pool?
Since judgment originates from individuals’ analysis and
thinking, we need people with unlike thought patterns, expert
in different domains, owning diverse experience and
background involved. Individual differences ensure the
diversity of information and the judgment.
C. Independent Individuals
Independence guarantees a wrong judgment from an
individual would cause no impact on other individuals in the
crowd. Mistaken judgments can counteract in the process of
aggregating, therefore the accumulated information is still
correct.
Besides, independence encourages individuals to explore
for new private information, rather than sedentary satisfied
with the public information. Apparently, new information is
advantageous to extend our judgment pool.
Here we arrive at a paradox. If the crowd’s judgment is
intelligent, why don't we just simply adopt the crowd’s
judgment instead of contemplating our own judgment, which
is likely to be a wrong one?
The answer may sound contradictory: the mistakes of
individuals make the crowd smart, thus leading to a good
crowd judgment. But when individuals begin adopting the

crowd’s judgment, the crowd becomes sluggish while the
individual is gaining wisdom.
Making a judgment is never a short-term process, neither
is the evaluation of a judgment. A good process should be like
this: individuals make judgments independently, then the
crowd wisdom works and a good crowd judgment is obtained.
After a period when large amount of individuals adopt the
very crowd judgment, defects of the judgment would
gradually emerge or someone would figure out a new
judgment. Then, the massive followers would stop adopting
the existing judgment and a new round of independent
exploration ensues.
Perhaps as time goes by, the defects would be exposed to
the public, so the process proceeds. Nevertheless, generally, a
promoter, the one who figures out a new judgment when most
of his or her peers adopt the crowd’s judgment, plays a role.
Those insistent independent thinkers propose a new judgment,
break the original stagnant state of the crowd, and weaken the
authenticity of the prevailing crowd’s judgment. More
individuals are encouraged to cease following and pay more
attention on private information and personal judgment. The
promoters help us from drowning in the crowd wisdom.
D. Decentralization System
The concept of crowd is always related to system design.
The art of management is designing an appropriate system,
one that vitalizes the crowd.
In our context, we expect a system that can motivate the
individuals to search for diverse judgments, maintain
individual independence as well as ensure the final crowd’s
judgment is indeed an aggregated one, instead of coming from
a dominant individual.
Plenty of precedents prove the superiority of
decentralization system in the aspect of ensuring the three very
critical points above. A decentralization system is one that is
absent of the center of power.
In a system with distinct powerful members, for example,
in a centralization system, various influences from dominant
individuals can be a problem that cannot be neglected.
Individuals may judge no longer based on facts, but
reluctantly, indifferently or blindly follow the decision of
superiors, experts, or elites.
The undesirable situation defies the demand for
independence. When dominant individuals spread their
influence, they publicize their private information, which
subtly influences the choice of other individuals. Even worse,
a wrong judgment from the dominant individual would lead
the whole crowd into an abyss.
Moreover, a blind crowd can neither be tagged as diversity
nor provide a diverse judgment pool, since individuals can
hardly be expected to give unique or distinct judgments. It is
predictable that the judgment pool would be partial.
A centralization system stifles the diversity of the crowd.
The crowd may come to an agreement promptly meanwhile
they may enter the dilemma of Group Think [4], where
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Fig. 2. Crowd participating in manufacturing process, and crowd data as a source of intelligent manufacturing

everyone tries to obey the majority and avoids proposing new
angles or objection. Such crowd may extremely believe in the
correctness of crowd judgment as well as strongly object to
any criticism or advice from the outsiders, as they deem that
the final judgment is a real crowd wisdom while actually it is
not. A decentralization system helps us to avert such plight. At
least, during the first stage, a decentralization system ensures
the judgment from an individual is independently made, thus
guarantees the diversity of the judgment pool, as a result, the
final judgment won’t be greatly influenced by some
individuals in the crowd.
III.

HOW CROWD WISDOM PARTICIPATING IN
MANUFACTURING?

Fig. 2 gives the overview of how crowd wisdom
participates in the manufacturing process. The manufacturing
process could be generally divided into Requirement Eliciting,
Design, Trial, Production, Marketing, and Upgrade. Each
phase is confronted with a main judgment and decision, which
is specific to this phase but critical to the whole manufacturing
procedure. System accomplishes the decision-making tasks
with the help of a large amount of data that contributed from
crowds. Thus, the participation of crowds is vital to accurate
judgments and smart decisions, and the influence exists
throughout the whole process.
A. Manufacturing from Customers, for Customers
The concept of intelligent manufacturing is tremendously
extensive, among which an important proposition is product
innovation. Normally, user requirements point out the
direction for enterprises. Nevertheless, it is not easy for
enterprises to fully understand users’ real demand. As a result,
it is common that contrary to its over-rhetoric advertisement,

new product is of no novelty at all, but full of trivial so-called
new functionality.
To solve the dilemma, C2B(customer to business) mode
was proposed. The core of C2B is that customers bring value
to the company, involving consumers co-creating ideas,
product or service concepts and solutions with a company
through the social media [5]. Customers put forward their
dream product and then businesses produce accordingly. In the
generation of intelligent manufacturing, the traditional
B2C(business to customer) would naturally transform into the
bottom-to-top C2B mode, where user’s desire substantially
dominates manufacturing. There is no need for business to
devise new products painstakingly with its own innovation
team and then persuade the customers to buy their stuff, since
they only produce what customers desire for. Obviously, it is a
much more efficient mode and it promotes personalization and
customization, which are also key words in the theory of
intelligent manufacturing.
A distinction between B2C and C2B is the involvement of
customers’ opinion. It is reasonable to ascribe the advantage
of C2B to its positive employment of the power of customer
group, in other words, the wisdom of crowd.
B. The Intelligent Crowd
The paragraphs above may create an illusion: intelligent
design is a really simple task for enterprises, all they would do
is to ask customers, then adopt customer’s choice. It seems
that innovation department can be disbanded forever.
There is a possibility that the design process of some
products is that simple. For example, lots of brands had
encouraged their customers to design and vote, and they
produced the most popular design. But in most cases, the
process is more complex, and the intelligent crowd involves
more individuals rather than customer group solely.
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Innovation departments are needed. Most of the enterprises
cling to its own characteristics, such as the front design of
BMW series. Internal staff’s judgment would bring in such
consideration and thus the final judgment would be a balance
between customer needs and the enterprise style.
Another group of important participants is investors, or the
management of enterprise. Judgment from investors would
take business factors into consideration, reflecting a new angle
in the final crowd judgment.
A relative concept is crowdfunding [6], that is, a presented
idea appeals for various investors’ funding on Internet, and
only with adequate funding the project can proceed. This is
similar to the concept of ‘voting with feet’ in the discipline of
corporate finance, where you express your judgment by
buying or selling stocks. Similarly, investors provide their
personal judgment in financial way.
Besides, potential contributors may include various
seemingly irrelative individuals not belonging to the groups
above. Consider an example of car design: mechanics and
washers can provide useful information about car design. For
example, the existing design with superfluous details brings
plenty of inconvenience for the maintenance.
C. Data Reveals Wisdom, but Crowd Creates Data
Now we have to answer a question: when aggregating the
judgment from individuals, what are we actually aggregating?
Are we sheerly aggregating the judgments?
We mentioned that “the base of crowd wisdom is the
private information within individuals’ judgments”. What we
actually aggregate is the information conveyed in the form of
judgment. However, when individuals are unwilling to express
their judgments or inconvenient to utilize their private
information, can we skip the step of individual making
judgment but aggregate information directly? Can we still
obtain crowd wisdom in this way? Can we paraphrase “the
wisdom comes from the crowd, as the crowd owns abundant
information” as “the wisdom comes from abundant
information”?
Sure we can. To some extent, we can simply ignore the
judgment of individuals. The judgment ability of the
individuals can’t explain the superior performance of crowd’s
judgment. The good performance is the result of the quality of
input information, precisely, whether the information is
abundant and diverse enough to depict the fact wholly.
And thus we can explain the importance and attention the
public puts on Big Data, which is a hit in the past years. The
industry widespreadly highlights the necessity of Big Data in
the on- going revolution to intelligent manufacturing [7]. A
more common expression is ‘Big Data drives Intelligent
Manufacturing’ rather than what we propose here. But we
must understand the reason why Big Data could provide us
smart judgment and decision. In fact, Big Data is the abundant
information generated by individuals from the crowd,
including the netizens(Internet citizens) crowd. And thus, as
our discussion above, the truth is depicted and the reliability of
an aggregated judgment based on the data is pretty guaranteed.

Therefore, we can conclude that the wisdom of Big Data is the
wisdom of crowd.
It seems that something inconsistent with what we
described earlier. An individual’s judgment is no longer
necessary but we still rely on the individuals to explore
abundant and diverse information for the crowd. And thus the
final crowd judgment still reveals the crowd wisdom.
D. Data Collection and Crowd Collaboration
Information is far more comprehensive than user
requirements solely. And thus what we ask for from the
individuals in the crowd extends beyond their own judgment.
Particularly, customers are expected to contribute personal
habits of consumption, evaluation of the purchased products
and so on. Various, ordinary, even seemingly unrelated
information may tell incredible business secret when they are
aggregated. And that is why lots of enterprises are eager for
user information, even when the information is of no
relevance to its business.
The process can be described as collaboration. Information
from a single individual is partial, but when information from
all the individuals working as a whole, it is complete enough
for an accurate description of the truth, assisting
manufacturing decision further than providing inspiration and
design. For example, with abundant feedbacks, decision like
increasing or reducing production can be made automatically,
defects feedback could be collected and used to guide better
next-generation product, the production process would gain
improvement and management technique would get upgraded.
In a word, the more individuals in the crowd contribute,
the more powerful of the crowd wisdom, and thus the better
intelligent manufacturing would function.
E. Aggregation: the Emergence of Wisdom
So far, we blur the boundary between judgment and
decision. The explanation for this vagueness is that a smart
decision is usually derived from an accurate judgment to the
target and thus they are the same in essence. Also, we haven’t
explicitly explained how a crowd make judgment.
In fact, we would not and could not explore in how the
crowd decision is made. This is a question of how to deal with
the pool. We guarantee you that wisdom does in the pool. But
as for how to extract the wisdom, the techniques vary.
In free markets, price is the method, while in diverse
evaluation experiments, which J.Surowiecki mentioned in his
book, statistical methods, such as counting votes are
recommended. A point worth noting is that the method should
ensure that all the information would be made good use of and
unified to work as a component of the whole [3].
For some problems, the technique is naïve and explicit,
just as what we mentioned above, while for others, it involves
more advanced technology , and that’s the subject of another
discipline, that is, Artificial Intelligence [8], an art of
extracting. Artificial intelligence, along with all of us, would
be indispensable in the trends of intelligent manufacturing.
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IV.

CROWD WISDOM DRIVES MANUFACTURING: SERVERAL
CASE STUDIES

In the following paragraphs, we’ll study several cases,
where enterprises successfully utilize the crowd wisdom.
A. Crowd Wisdom Inspire Design
In February 2016, Haier launched a water heater with
purification functionality. The sales of the new heater
surpassed 10 thousands only in 21 days [9].
Not long ago, Haier received complaints from over 300
thousand neitizens about unclean bathwater. After consulting
with neitizens, Haier was inspired to develop a new series of
heaters. The new functionality is the fully-purification
capacity, not only eliminating the bacteria, but also removing
the residual chlorine in tap water and sediment [10].
Complaining customers must be far more than 300
thousand and the contents must be diverse. Entering Haier’s
official website, you’ll notice that some complain about the
price, some are dissatisfied with the inconstant temperature.
But the 300 thousand must be the majority and thus statistics
works. A simple aggregate of individual judgment leads to a
crowd judgment: purification functionality is a good idea.
The crowd wisdom efficiently facilitates Haier on the issue
of novelty, thus researchers and developers can focus on
techniques.
B. Crowd Wisdom Streamlines Production
In Zara stores, there are cameras hidden in every corner
and staff carrying with PDA. The purpose is to collect
customer’s every single piece of advice, like preference
towards patterns or the size of buttons. Besides, Zara’s online
stores contribute more data. Zara has opened six online stores
in Europe. Every day, the collected information would be
aggregated to Zara’s internal global network and facilitate the
designer. Once the design is determined, it would be
immediately sent to the production line.
The data do help a lot. Making production decision based
on collected data greatly reduces inventory thus reduces costs.
Also, analysis of the data reveals domestic prevailing color
and other information which helps discover target markets and
design.
The Inditex Group, the parent company of Zara, prides
itself to deliver quality merchandise in as little as three weeks
from its own factories. Designers develop new models daily,
sometimes three or four a day, which are then reviewed and
put into production [11].
These valuable customer information is not only applied in
the manufacturing, but also in all departments throughout the
Inditex Group, including customer service centers, marketing
departments, design teams, and production lines, etc. These
massive data forms all departments KPI to complete the
vertical integration principle axe inside Zara.
And the optimization based on positive utility of massive
data does bring substantial profits. In fiscal 2014, (ended
January 31, 2015) the company had sales of $19.7 Billion

compared to Uniqlo $16.6 Billion, Gap $16.4 Billion, Mango
$2.1 Billion. Inditex sales increased 8%, far stronger than its
competitors [12].
C. Crowd Wisdom Creates Business Opportunity
A challenge for enterprises is that not all the customers are
willing to provide their information. Obtaining a piece of
advice may be easy, but for more private information, such as
birth, age, daily routine, lots of people would regard it as
invasion of privacy and strongly oppose it.
But since enterprises are desperate for the information
revealed from customers’ data, they have to resort to tricks
and strategies. The strong motivation drives enterprises to
create new business modes, which enable them to establish
intimate relationships with their customers.
Nike transformed its sports shoes into wearable devices,
and connected user data to Nike+ fitness social network by
shoes itself or wristband sensor. Nike shoes would
automatically record users’ training data while iPod can store
and display the data, including motion date, time, distance,
calories burned and so on. Users upload data to the Nike
community, share and discuss with friends. Members in the
community can compare, analyze, and set targets for their own
training [13].
Nike accesses users’ data by means of encouraging them
keep uploading their training records. With the growing of the
crowd, Nike learns about the best jogging routine in major
cities, even grasp a list of pop songs for jog lovers.
If Nike plans to organize a marathon, in order to advertise
its new products, the data and the crowd wisdom revealed
would be of great help. Besides, the abundant data plays an
important role in efforts to understand user habits, improving
products and so on.
V. CONCLUSION
Wisdom derives from crowds, to be precise, from the
information contributed by the crowd. Information, in the
forms of various data, may be seemingly unrelated or useless,
but actually tells a lot when aggregated, which we proved with
several real cases. Crowd wisdom assists, or even partly
substitutes humans to make judgments, which could be well
applied on manufacturing, where plenty of judgments and
decisions should be made in the process. In the blueprint of
future industries, crowd wisdom would surly drive the
development of intelligent manufacturing.
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Abstract—Most of all organizations try to get more benefit
by gathering and analyzing various data. Especially, in profitmaking organizations, these systems work well. In recent years,
permanently voluntary organizations such as universities became
active in order to know themselves. However, temporary voluntary organizations do not have any such systems. As a result,
such organizations cannot always decide something precisely. In
this paper, we design a mechanism to solve this problem for
temporary voluntary organizations. Using simple example, we
also simulate this mechanism.

II. P RELIMINARY
A. Cases based on Experiences
There is the influence of leadership soft skills, which include communication skill to gather various data, with school
improvement [1]. That is to say, organizations that have no
soft skills will be ruined. For instance, universities in USA
use data to raise donation for their better performance and
management [2].
B. Institutional Research

I. I NTRODUCTION
In recent year, we have become to be able to analyze
a large-scale data because Information and Communication
Technology (ICT for short) has been highly developing. Most
of organizations as well as end users store various data in
their computers. Computer users can analyze various data
individually by their own Personal Computers (PCs for short)
which have high performance hardware. In most of all profit
organizations, their stored data have been analyzed and used
to get more benefit. For example, these data include clients
attributes and behaviors, income and profits, number of staffs,
number of branches, advertisements, and so on. Even though
voluntary associations and organizations have that kind of
data, they sometimes have some difficulties to analyze such
data and to make a strategy for their management due to few
data analysts in the organizations. Universities and research
institutes which do not pursue profits use the method of
Institutional Research (IR for short) in order to improve their
conditions, performances, managements, and so on.
This method is available for temporary voluntary associations and organizations. For example, we assume that the
people who live in a local community have to decide to build
new institutions, to hold a festival, or to sell special products.
Then, they will create temporary organizations. Also, these
organizations are often voluntary. There are similar temporary
voluntary organizations in the world. However, the decisions
produced from these organizations hardly contribute to other
similar organizations. It is very hard because there are no
systems to provide a temporary voluntary organization with the
information created by the other organizations. In this paper,
we design a method of providing such temporary organizations
with many information to obtain the best decision.

There are many permanently voluntary associations and
organizations. University is an example of these organizations.
Universities must do a self-check on aspects like education, scientific research and social contribution. Institutional
Research (IR for short) is receiving a lot of attentions by
universities. IR is an activity to provide information and
its analysis, which supports institutional planning, decisionmaking and improvement [3]. Virtual environments that enable
Institutional Researchers (IRers for short) to share and codevelop informational systems to gather various data were
introduced in order to conduct IR [4][5]. Especially, many universities introduced questionnaire survey systems and gathered
various data from students and teachers [6][7].
III. D ESIGN
In this section, we show a design on information providing
service for temporary groups which mean organizations and
associations. After we explain the traditional mechanism, we
propose our design.
A. Traditional Mechanism
We assume that there is a temporary voluntary group
independently. The group can use its own information in order
to decide something but hardly uses the the information the
other groups have because there are no services providing
information one another. Actually, the information the group
can use is composed of its own attributes and its own previous decision. The situation is represented by the following
formula.
Dp (tm ) = Fp (Ap (tm ) , Dp (tm−1 ))

(1)

Here, the symbols used in the formula (1) are as follows.
• Dp (tm ) means the decision that the temporary voluntary
group Gp can obtain at the time tm .
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Fig. 1. Traditional Mechanism

•

•
•
•

Fp means the function as a process of the discussion in
that a temporary voluntary group Gp using Ap (tm ) and
Dp (tm−1 ).
Ap (tm ) means the attributes that the temporary voluntary
group Gp originally has at the time tm .
Dp (tm−1 ) means the decision that the temporary voluntary group Gp obtained at the time tm−1 .
tm−1 means the previous time of the time tm .

The decision Dp (tm ) is greatly affected by Ap (tm ) because
the group Gp hardly uses the information from the other
groups. Fig. 1, which consists of squares, circles, and arrows,
explains the formula (1). Here, the squares mean the decisions,
the circles mean the attributes, the solid arrows mean the
effects on the decisions by the attributes, and the broken arrows
mean the effects on the decisions by the decisions of the
other groups. The thick arrows mean the attributes and the
decisions affect the decision directly, for example, number and
sort of participants, fund of the group, opinions created from
the group, and so on. The thin arrows mean the attributes and
the decisions influence the decision indirectly, for example,
rumor, entries of blogs, and so on.
B. Proposed Service
We assume that there are n temporary voluntary groups.
The difference with the traditional mechanism mentioned in
Section III-A is that one of these organizations can use not
only its own data but also the data from other organizations
in order to decide something. The situation is represented by
the following formula.


n
∪
Dp (tm ) = Fp Ap (tm ) ,
Dj (tm−1 )
(2)
j=1

Here, the symbols used in the formula (2) are as follows.
•

Dp (tm ) is the decision that a temporary voluntary group
Gp can obtain at the time tm . The group Gp is one of
similar temporary voluntary groups. The number of these
groups is n.

Fig. 2. Proposal Mechanism

TABLE I
A SSUMPTION AND F INAL D ECISION IN C ONCEPTUAL S IMULATION

group
number
G1
G2
G3

number
of
committee
members
10
10
10

attributes
estimate
number
of
participants
600
100
300

initial
capital
$1,000
$300
$2,000

final
decision
held
not held
held

Fp means the function as a process of a discussion in
that a temporary voluntary group Gp using Ap (tm ) and
Dj (tm−1 ) where j = 1, · · · , n.
• Ap (tm ) means the attributes that a temporary voluntary
group Gp originally has at the time tm .
• Dj (tm−1 ) means the decision that a temporary voluntary
group Gj obtained at the time tm−1 .
• tm−1 means the previous time of the time tm
The decision Dp (tm ) is greatly affected by Ap (tm ) and
Dj (tm−1 ) where j = 1, · · · , n. In our proposed service, when
a group decides something at the time tm , the group can use
the data from own and other decisions at the time tm−1 . Fig.
2, where the symbols used in the figure are same as the ones
mentioned in Section III-A, explains formula (2). Our service
enables a group to decide something precisely by providing
not only own data but also data obtained from other groups.
•

IV. C ONCEPTUAL S IMULATION
In this section, we show a conceptual simulation using our
service. We assume that there are three temporary voluntary
groups (G1 , G2 , and G3 shown in TABLE I) which intend to
decide whether their reunion should be held. Each group has
number of committee members, estimate number of participants, and initial capital as attributes .
A. Discussion in G1 at time t0
The formula (3) shows that the group G1 starts discussing
at time t0 with only its own attributes (A1 (t0 )) because there
are no own and other decisions.
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Fig. 3. Discussion in G1 at time t0

Fig. 5. Discussion in G3 at time t2

Fig. 4. Discussions in G1 and G2 at time t1

Fig. 6. Discussion in G3 at time t3

Fig. 3 shows that G1 could not decide anything at t0 , that is
to say, D1 (t0 ) means “undecided”.
B. Discussions in G1 and G2 at time t1
The formula (4) and (5) show that the group G1 and G2
start discussing at time t1 with these own attributes (A1 (t1 )
and A2 (t1 )) and the decision (D1 (t0 )), respectively.
D1 (t1 ) = F1 (A1 (t1 ) , D1 (t0 ))

(4)

D2 (t1 ) = F2 (A2 (t1 ) , D1 (t0 ))

(5)

Fig 4 shows that G1 could decide that its reunion would be
held at t1 , that is to say, D1 (t1 ) means “held”. Also, this
figure shows that G2 could decide that its reunion would not
be held at t1 , that is to say, D2 (t1 ) means “not held”. The
reason why the reunion for G2 will not be held, for example,
is that there is some fear to be in deficit after holding the
reunion because of small estimate number of participants.
C. Discussion in G3 at time t2
The formula (6) shows that the group G3 starts discussing
at time t2 with these own attributes (A3 (t2 )) and the decisions
(D1 (t1 ) and D2 (t1 )).
D3 (t2 ) = F3 (A3 (t2 ) , D1 (t1 ) ∪ D2 (t1 ))

(6)

Fig. 5 shows that G3 could not decide anything at t2 , that is
to say, D3 (t2 ) means “undecided” because D1 (t1 ) is “held”
while D2 (t1 ) is “not held”. Then the group G3 put off a
decision next time.
D. Discussion in G3 at time t3
The formula (7) shows that the group G3 starts discussing
at time t3 with these own attributes (A3 (t3 )) and the decisions
(D1 (t2 ), D2 (t2 ), and D3 (t2 )).
D3 (t3 ) = F3 (A3 (t3 ) , D1 (t2 ) ∪ D2 (t2 ) ∪ D3 (t2 ))

(7)

Here, the formulas D1 (t2 ) = D1 (t1 ) and D2 (t2 ) = D2 (t1 )
are valid becauseD1 (t2 ) and D2 (t2 ) are same as decisions at
t1 . Fig 6 shows that G3 could decide that its reunion would be
held at t3 , that is to say, D3 (t3 ) means “held”. The reason why
the reunion for G3 will be held, for example, is that there is a
firm belief to be in surplus after holding the reunion because
of enough estimate number of participants and initial capital.
As mentioned above, our design enables a group to decide
something by using the decisions of the other groups. Using
traditional mechanism, the group G3 might decide not to be
held reunion even though there are potential to be held reunion
in its attributes.
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A SSUMPTION

Fig. 7. Schematic diagram of simulation by using cosine similarity

V. C ALCULATIVE S IMULATION
In this section, we show a calculative simulation using our
service. We assume that there are twenty groups that have
three attributes respectively as shown in TABLE II. Here, first
nineteen groups from G1 to G19 have already decided whether
they should hold their reunions at time tm−1 . In this condition,
we will explain how group G20 can decide whether its reunion
should be held at time tm . In Fig. 7, we show a schematic
diagram of this condition. Moreover, what we will explain is
shown in the formula (8).


19
∪
D20 (tm ) = F20 A20 (tm ) ,
Dj (tm−1 )
(8)

group
number
G1
G2
G3
G4
G5
G6
G7
G8
G9
G10
G11
G12
G13
G14
G15
G16
G17
G18
G19
G20

AND

TABLE II
F INAL D ECISION IN S IMULATION BY C OSINE
S IMILARITY (xi,j )

number
of
committee
members
a1
10
10
10
10
13
18
4
12
12
15
18
14
10
12
19
2
12
4
18
19

attributes
estimate
number
of
participants
a2
600
100
300
572
604
429
82
488
613
402
230
259
743
170
215
224
700
737
372
191

initial
capital
a3
$1,000
$300
$2,000
$1,325
$1,109
$256
$1,449
$443
$1,686
$1,722
$245
$1,146
$288
$451
$1,077
$1,047
$460
$1,975
$1,129
$414

final
decision
held
not held
held
held
held
not held
not held
not held
held
held
not held
not held
held
not held
not held
not held
held
held
held
undecided

v
u ∑
u1 n
2
si = t
(xi,j − xi )
n j=1

(10)

j=1

We use the cosine similarity as F20 in the formula (8). In
order to use the cosine similarity, we have to define vectors.
We will show how to make vectors before we explain the
cosine similarity.
A. Making Vector
We treat values shown in TABLE II as numeric values
simply. First, we define that xi,j is the value of the attribute
ai for group Gj . Here, a1 , a2 , and a3 means the number of
committee members, the estimate number of participants, and
the initial capital respectively as shown in TABLE II.
The cosine similarity we will mention later can be influenced by high value shown in a vector. Since we would like
to make vectors for every group, the elements of the vector
are the values of attributes. For example, the cosine similarity
will be influenced by attribute a3 because the values shown
in a3 are higher than the other attributes in TABLE II. Then
we calculate x′i,j after normalizing xi,j .
We have decided to use the standard deviation in order to
normalize xi,j . In this method, all values of attributes become
from −1 to 1. First we have to calculate xi which is the
average of values for attribute ai and si which is the standard
deviation of values for attribute ai . xi and si are calculated
by the formula (9) and (10) respectively.
n
1∑
xi =
xi,j
n j=1

Here, n is the total number of groups, that is, n = 20. x′i,j is
calculated by using xi,j , xi , and si as shown in formula (11).
x′i,j =

xi,j − xi
si

(11)

We make vectors VGj (j = 1, · · · , 20) which are consisted by
x′i,j for group Gj as shown in TABLE III. VGj is shown in
formula (12) because there are three attributes which are a1 ,
a2 , and a3 in our situation.
VGj = (x′1,j , x′2,j , x′3,j )

(12)

B. Cosine Similarity
We calculate Sim(VGp , VGq ) which is a cosine similarity
between group Gp and group Gq . Sim(VGp , VGq ) is calculated
by using formula (13).
Sim(VGp , VGq ) =

VGp · VGq
|VGp ||VGq |

(13)

Here, VGp · VGq and |VGj | are calculated by using formula
(14) and (15) respectively.
VGp · VGq = x′1,p · x′1,q + x′2,p · x′2,q + x′3,p · x′3,q

(9)
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TABLE III
N ORMALIZATION OF ATTRIBUTES IN TABLE II (x′i,j )

group
number
G1
G2
G3
G4
G5
G6
G7
G8
G9
G10
G11
G12
G13
G14
G15
G16
G17
G18
G19
G20

number
of
committee
members
a1
-0.434
-0.434
-0.434
-0.434
0.186
1.220
-1.675
-0.021
-0.021
0.600
1.220
0.393
-0.434
-0.021
1.427
-2.088
-0.021
-1.675
1.220
1.427

attributes
estimate
number
of
participants
a2
0.936
-1.422
-0.479
0.804
0.955
0.129
-1.507
0.408
0.997
0.002
-0.809
-0.672
1.611
-1.092
-0.880
-0.838
1.408
1.582
-0.139
-0.993

initial
capital
a3
0.041
-1.171
1.774
0.604
0.230
-1.248
0.819
-0.924
1.230
1.292
-1.267
0.294
-1.192
-0.910
0.175
0.123
-0.894
1.731
0.265
-0.974

cosine
similarity
with
G20
-0.772
0.513
-0.497
-0.919
-0.455
0.811
-0.354
0.231
-0.703
-0.143
0.979
0.568
-0.259
0.685
0.816
-0.505
-0.168
-0.983
0.648
1.000

C. Decision for group G20
We compare group G20 with other nineteen groups by using
formula (13). On the most right line in TABLE III, the cosine
similarities with group G20 are shown. Sim(VGp , VGq ) =
1 means that vectors VGp and VGq turn in the same direction, that is, VGp is most similar to VGq . Conversely,
Sim(VGp , VGq ) = −1 means that vectors VGp and VGq turn
in the opposite direction, that is, VGp is most different from
VGq .
What we have to do is to find the cosine similarity that is the
most nearly 1 in TABLE III. We can find group G11 that has
the cosine similarity 0.979 with group G20 . We can also find
group G18 that has the cosine similarity −0.983 with group
G20 . Then we verify whether group G20 is really similar to
group G11 , and whether group G20 is not really similar to
group G18 .
TABLE IV contains group G11 , G18 , and G20 which are
picked out from TABLE II. We can understand that group
G20 is surely similar to G11 and group G20 is not also similar
to group G18 .
From these verification, group G20 can decide whether their
reunion should be held by using the decision of G11 . Group
G11 had already decided that their reunion was not held. Then,
in this simulation, group G20 is proposed that their reunion
should not be held.

TABLE IV
C OMPARING G11 WITH G20

group
number
G11
G18
G20

attributes
estimate
number
of
participants
a2
230
737
191

number
of
committee
members
a1
18
4
19

initial
capital
a3
$245
$1,975
$414

final
decision
not held
held
undecided

A. Distributed Database
In recent year, distributed databases are developed [8][9].
Attributes and decisions of every group can be stored in these
databases. Final implied decisions can be varies by analysis
of stored data. There are two analyses: one is comparison
between similar groups and another is observation of estrangement from average of all groups. When similar groups
are compared each other, the stored data are still distributed.
Wrong decisions can be implied because the groups that are
not similar to each other are ignored even if these ignored
groups may have useful data. If all distributed data can be
gathered together, we can know the average of all data. Each
group can obtain suitable information by comparing own data
with average data.
B. Information Recommendation
In our design, some facts from every temporary voluntary
group for similar purpose can be used. Not only the facts
are provided to each group, but also some proposals can be
recommended by implying these facts [10][11]. In each group,
some proposals are available instead of deciding something
from these facts. For example, it is happy that a suitable proposal is recommended after entering attributes to the system
that realized the function mentioned above.
VII. C ONCLUSION
In this paper, we explained the design on information
providing service for temporary voluntary organizations. Until
now, such organizations could use only their own information
such as their attributes and decisions. Our design enables
each organization to use information from other organizations.
Actually, these information is not always received perfectly. In
future work, we will pay attention to the loss of information.
We will investigate how the sent information will be used by
the receivers. Moreover, we will observe how the decisions
will be changed by the abilities of the receivers.
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Abstract—Ambient assisted living (AAL) has received considerable attention due to its ability to provide services to the elderly
by sensors and actuators. However, building such a system is
challenging on two fronts. First, the tradeoff between accuracy
and monetary cost should be understood. Accuracy of each sensor
can be empirically estimated from its sample rate. Typically,
higher rate indicates higher accuracy. As a result, higher rate
requires more computation resources to process the sampled
data, incurring more monetary cost. Second, user needs change
frequently. Thus, we need a resource allocation scheme that is (a)
able to strike a good balance between accuracy and monetary
cost and (b) adaptive enough to meet the frequently changing
needs. Unfortunately, several seemingly natural solutions fail on
one or more fronts (e.g., simple one shot optimizations). As
a result, the potential benefits promised by these prior efforts
remain unrealized. To fill the gap, we address these challenges
and present the design and analysis of a low-complexity online
algorithm to minimize the long-term accuracy-monetary cost on
a queue length based control. The design is driven by insights
that queue-lengths can be viewed as Lagrangian dual variables
and the queue-length evolutions play the role of subgradient
updates. Therefore, the control decisions depend only on the
instantaneous information and can adapt to the changing needs.
Simulations demonstrate that the proposed algorithm can strike
a good balance between accuracy and monetary costs. Moreover,
the asymptotic optimality of the proposed algorithm has been
shown by rigorous analysis and numerical results.

I. I NTRODUCTION
Caring for elderly people and the disabled is an important
but challenging undertaking. According to United Nations,
the number of people aged 60 years or over, is increasing
rapidly and will reach nearly 2.1 billion in 2050 [1]. Although
the elderly have wisdom and wealth gathered from their life
experience, they often require long-term assistance. Ambient
assisted living (AAL) systems open up a new way to address the
needs of the aged and the disabled by utilizing the capabilities
of information and communications technologies [2]. Figure 1
shows the typical reference architecture of cloud based AAL
systems. To fulfill the various needs of the elderly, multiple
sensors and actuators coexist in ambient assisted living (AAL)
systems. The sensed data are processed in the cloud because
many applications are computation intensive. The applications
infer knowledge from the data, guiding the actuators to meet
the needs of the elderly.
For AAL systems, critical factors include the accuracy,
monetary cost and delay of the services. Each sensor samples
and transmits data at its own rate with a certain accuracy. The

accuracy of the sensed data can be estimated [3]. Experiments
show that data sensed at high rate usually means high
accuracy. However, it demands more computational resources
to process the sensed data, leading to higher monetary cost.
Moreover, users’ requirements change throughout a day and
are highly time-varying. Therefore, it is important to design a
dynamic scheme to allocate the resources effectively so that
the operational costs are reduced and the user experience is
satisfactory.
There are several existing efforts on sensor accuracy estimation, AAL systems and mobile cloud. The accuracy estimation
for sensor systems has been done mainly through inference [4]
and learning [5, 6] techniques. Synthesizing previous works, [3]
proposed a framework to estimate the accuracy of certain sensor
measurements invoking KL divergence of the distributions.
For the AAL systems, most of the works focus on energy
efficiency. For example, Wu et al. [7] propose asynchronous
flow scheduling taking into account energy efficiency and
implementation simplicity. There have been extensive studies
on efficient operations of mobile cloud [8–12]. However,
none of these publications consider accuracy as an important
performance metric and jointly solve this problem.
We investigate the tradeoff between accuracy and monetary
costs in a typical AAL scenario with multiple sensors and
applications, where the user pattern is not predictable. We
propose a low-complexity online algorithm by invoking the Lyapunov optimization and mathematically prove that it minimizes
accuracy-monetary cost for given delay constraints. Simulations
based on real measurements demonstrate the effectiveness of
the proposed algorithm. Our investigation may provide insights
into the real world deployment of AAL systems.
Contributions and Roadmap:
• Joint investigation of the accuracy, monetary cost and
queueing delay for cloud based AAL systems (§II).
• Proof of theoretical bounds and design of online algorithm
for optimal accuracy-monetary cost minimization (§III).
• Evaluations that demonstrate the effectiveness of the
proposed algorithm (§IV).
II. S YSTEM M ODEL AND P ROBLEM F ORMULATION
In this section, we first introduce the typical cloud based
AAL system which is based on real world deployments. Then,
we present various models for the cloud based AAL system,
including the sensor accuracy model, the queueing model and
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Figure 1. The reference architecure of a cloud based Ambient Assisted Living system. An AAL system consists of three parts: data sensing; data mining
and processing; control and feedback.

the cloud monetary model. Finally, we formulate the rate
selection as a constrained optimization problem. For future
reference, we summarize the models and key notations in
Figure 2.
A. System Architecture

desired balance between accuracy, monetary cost and queueing
delay.
B. System Model
In the AAL system, there are N sensors which monitor the
environment. Sensor i samples and transmits at a rate ri (t) at
time t. We consider a time-sloted system with time slots of
equal length indexed by t = 0, 1, . . . . The actual duration of
each time slot is application dependent. We now describe sub
models as follows.
1) Sensor Data and Loss of Accuracy: The accuracy of
sensors can be easily estimated using the observed data. In this
paper, we adopt the framework proposed in [3]. The KullbackLeibler (KL) distance is used to measure the similarity of the
distribution of real value and the distribution of reported data.
Measurements on the datasets [14] show that there exists a
logarithmic relationship between the loss of accuracy and the
sample rate in terms of KL distance, formally given by

We aim to design an AAL system which can fulfill the
diverse needs of the elderly. For this purpose, various sensors
and actuators are deployed in the AAL environment, as shown
in Figure 1. Based on this infrastructure, different applications
can provide personalized services to the elderly, meeting their
specific needs comprehensively.
The typical AAL system consists of three parts: data sensing
and transmission, data processing and mining, control and
feedback. There exists multiple data sources in the AAL. Each
sensor samples the elderly or the environment periodically
with a certain rate. The loss of accuracy can be measured by
the Kullback-Leiber (KL) distance between the distance of
reported data and real value. Generally speaking, the accuracy
A(ri (t)) = − log(a1 r) + a0 ,
(1)
of the sampled data are proportional to the sample rate. We
employ cloud to process the sensed data because of the limited where A(ri (t)) denotes the loss of accuracy of sensor i at rate
computation capacity of the on-chip processor. Moreover, the ri (t) in terms of KL distance. It follows the sensor dependent
cloud works as a central entity to fuse all the sensor data. distribution, which can be measured when the system has been
Due to monetary constraints, we allocate limited computing set up.
We aim to set the rate of sensors to meet users requirement
capacity for processing the incoming data. Therefore, some
of
accuracy. In general, there is no closed form expressions
data are stored in a queue if the data arrival rate exceeds the
about
the relationship of the rate and loss of accuracy although
departure rate. Each sensor maintains one queue. After the
it
is
expected
that the result tends to be more accurate if the
data are mined in the cloud, the results are sent back to mobile
data
is
transmitted
at a higher rate (with better quality) [15].
devices or actuators.
In
this
paper,
we
assume
that the loss of final output accuracy
In this system, the main factors that impact user experience
A(r
(t))
to
be
a
decreasing
function of ri (t), which is similar
i
are accuracy, monetary cost and delay of the services. Gento
(1).
erally speaking, accuracy will improve when the sample and
2) Service and Data Incoming Types: Services in an AAL
transmission rate increases. However, the increased rate will
environment
can be divided into three types of services based
incur more monetary cost. How to strike a good balance is
on
its
user
pattern.
As shown in Figure 2, we categorize all
our main concern. Moreover, we investigate the relationship
the
services
into
three
types:
between the queueing delay and monetary costs. We jointly
analyze these factors using a Lyapunov framework. Two knobs
• Permanent Service. These type of services operate continuously. Therefore we call them permanent services.
are provided for users to tune this AAL system to achieve the
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Figure 2. Models in the cloud based AAL system. a, Illustration of the relationship between the loss of accuracy and sample rate. We assume a convex of
concave function in this paper. b, Three typical types of services exist in AAL systems. (i) Permanent service. The type of services should operate throughout
the day. (ii) Scheduled service. Some services have strong daily pattern and highly related to user’s biological clock. (iii) Spot service. Some services are
driven by users’ behaiviours, which is unpredictable. The duration of these services tend to be small compared to other services. c, The data transmitted by
sensor are stored in queues for the cloud to process and analyze. Each sensor maintains one queue. We can use r(t) = r1 (t), r2 (t), . . . , rN (t) to quantify the
input/arrival rate to the job queue and use the processing rate w(t) = w1 (t), w2 (t), . . . , wi (t) as the departure rate of the queue. Therefore, we introduce the
γi to denote the processing density of sensor i. Let Qi (t) be the job queue length, which indicates the queueing delay. It evolves over time. d, We assume the
reserved pricing model [13] since it fits the need of ambient assisted living environment. Users reserve a certain computation resource S and pay as they go.

For example, the surveillance camera should be running density means more CPU cycles required for every bit of
continuously in most cases.
sensed data. Table I summarizes the processing densities of
• Scheduled Service. Some services have strong daily pattern
various tasks which are used in several studies [16–19]. At the
and highly related to user’s biological clock. For example, tth slot, the required CPU cycles for sensor i per unit time can
sleep related monitoring tend to be active only in the night be calculated as si (t) = wi (t) · γi .
time. These activities can be scheduled at a daily pattern.
We assume the reserved pricing model [13] since it fits
• Spot Service. Some services are driven by users’ be- the need of the AAL environment. Users reserve a certain
haviours, which is unpredictable. We call it spot services. computation resource S and pay as they go. Different sensors
For example, monitoring of skeletal movement when the and applications require si CPU cycles. Therefore, the total
user is doing rehabilitation exercises. The durations of CPU cycles neededPare limited by the reserved resources,
N
these services tend to be small compared to other services. formally given by i=1 si ≤ S. The total cost consists of
Since the spot services are unpredictable, we need to develop one-time payment, p0 and usage payment p for each CPU
an algorithm to dynamically select the rates and cloud resource cycle per unit time. We only consider the usage monetary cost
M (w(t)), which can be expressed as
provision to meet the user’s requirements.
3) Queue Dynamics: The data transmitted by a sensor
N
N
X
X
are stored in its individual queue for the cloud to process
M (w(t)) =
si (t) · p =
wi (t) · γi · p .
(3)
and analyze. Each sensor maintains one queue. We can use
i=1
i=1
r(t) = r1 (t), r2 (t), . . . , rN (t) to quantify the input/arrival C. Problem Formulation
rate to the job queue and use the processing rate w(t) =
Our objective for a AAL system in Figure 1 is to dew1 (t), w2 (t), . . . , wN (t) as the departure rate of the queue. Let
velop a control algorithm. We make the control decision
Qi (t) be the job queue length. It evolves over time following
Θ(t) = (r(t), w(t)) at the beginning of each time slot
the dynamics specified by
t. Specifically, the sensor i will sample and transmit at
Qi (t + 1) = max[Qi (t) − wi (t), 0] + ri (t) ,
(2) ri (t) according to user’s accuracy demand. Then, the cloud
will process the transmitted data. Let the cloud processassuming that the initial queue is empty, i.e., Qi (0) = 0.
ing rate for queue i be wi (t). Therefore the control de4) Cloud Computing and Monetary Cost: The cloud process cision of the whole system is Θ(t) = (r(t), w(t)) =
the data in each queue with the rate wi (t). The CPU cycles for (r1 (t), r2 (t), . . . , rN (t), w1 (t), w2 (t), . . . , wN (t)).
different data and applications are different. For example, facial
The accuracy-monetary cost can be expressed as
recognition would be more computation-intensive compared
N
X
with temperature monitoring. Therefore, we introduce γi to
g(t) =
A(ri (t)) + βM (w(t)) ,
(4)
denote the processing density of sensor i. Higher processing
i=1
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where β ≥ 0 is referred to as the accuracy-cost parameter
indicating the relative importance of the monetary cost of the
cloud. The long-term average cost can therefore be written as
t−1

ḡ , lim

t→inf

1X
E[g(τ )] ,
t τ =0

(5)

B. Derive an upper bound
It can be shown following the Lyapunov optimization
technique [20] that
Theorem 1 (Bound of Lyapunov Drift): Consider the quadratic
Lyapunov function (9), and assume E{L(Q(0))} < ∞. Then:
N
X
∆(Q(t)) ≤ B + Q(t)E[
ri (t) − w(t)|Q(t)] ,

(11)

where the expectation is taken with respect to the
random enviPt−1
i=1
ronment. Similarly, we define r̄i , limt→inf 1t τ =0 E[ri (τ )],
Pt−1
1
w̄ , limt→inf t τ =0 E[w(τ )]. To minimize the long-term where B is a finite constant satisfying
 N
accuracy-monetary cost, we aim at developing a control policy

1 X
B≥ E
ri (t)2 + w2 (t)|Q(t)
that solves the following problem
2
i=1
t−1
X
 X

N
1

min
ḡ , lim
E[g(τ )]
(6)
−E
ri (t) · min[Q(t), w(t)]|Q(t) ,
t→inf t
r(t),w(t),t=0,1,2,...
τ

s.t. r̄i ≤ w̄i ,
N
X

si ≤ S ,

(7)
(8)

i=1

(12)

i=1

for any t = 0, 1, . . . .
Proof: We first use (9) to derive a bound of the slot-to-slot
change in the Lyapunov function:

2
1X
where constraint (7) ensures the mean-rate queue stability in the
L(Q(t + 1)) − L(Q(t)) =
[Qi (t + 1)2 − Qi (t)2 ]
2 i=1
long term, and constraint (8) limited the whole computational
resources is under the reserved value.
N
1X
There exists a stationary and randomized offline control pol=
[(max[Qi (t) − wi (t), 0] + ri (t))2 − Qi (t)2 ]
2
icy solving (6)-(8) based on Caratheodory’s theorem. However,
i=1
N
2
it requires full knowledge of the queue arrival statistics and
X
[ri (t)2 + wi (t)2 ] X
is rather challenging, if not possible, to obtain the optimal
≤
+
Qi (t)[ri (t) − wi (t)] , (13)
2
control policy. Hence, we develop a practical and online
i=1
i=1
algorithm which optimize the objective slot by slot to achieve where in the final inequality we have used the fact that for any
the asymptotic optimality.
Q ≥ 0, w ≥ 0, r ≥ 0 , we have:

(max[Q − w, 0] + r)2 ≤ Q2 + r2 + w2 + 2Q(r − w) .

III. DYNAMIC R ATE S ELECTION A LGORITHM
We adopt Lyapunov drift plus penalty technique [20–22]
to design the algorithm for sensor rate and processing rate
selection. Unlike the stationary offline policy, this algorithm
only needs the current queue lengths and throughput. Since
user patterns (workload arrivals) are not predictable, this fits
the use case well.

Now, plug in (10) and (13), we obtain:
N
X
ri (t)2 + wi (t)2
∆(Q(t)) ≤ E[
|Q(t)]
2
i=1
N
X
ri (t) − w(t)|Q(t)] .
+ Q(t)E[

(14)

i=1

A. Make Slot-by-slot Objective
We aim to minimize the loss of accuracy and monetary cost
as in (6) while stabilizing total task queues in (7). First, to
measure the “size” of the vector Q(t), we define a quadratic
Lyapunov function L(Q(t)) as follows.
L(Q(t)) ,

N
1X
Qn (t)2 .
2 n=1

(9)

i=1

This function can fairly stabilize all the queues, i.e., the queue
lengths should be analogously maintained. Then we define the
one-slot conditional Lyapunov drift ∆(Q(t)) as follows.
∆(Q(t)) , E{L(Q(t + 1)) − L(Q(t))|Q(t)} .

Then, define B as a finite constant that bounds the first term
on the right-hand-side of the above drift inequality. We can
see that
 N

1 X
B≥ E
ri (t)2 + w2 (t)|Q(t)
2
i=1
 X

N

−E
ri (t) · min[Q(t), w(t)]|Q(t) .

(10)

By adding V E[g(t)|Q(t)] on both side of (11), we obtain
the drift plus monetary cost upper bound as follows.
∆(Q(t)) + V E[g(t)|Q(t)] ≤B + V E[g(t)|Q(t)]

We aim to minimize the Lyapunov drift ∆(Q(t)). However, it
requires knowledge of prior statistics. Instead, we derive and
minimize its upper bound.
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where V > 0 is a parameter indicates how close the long term
average achieved is to the optimal offline algorithm.
Remark 1: V is a cost-delay tradeoff parameter. Intuitively,
we cannot obtain both the minimal queueing length and the
minimal cost. If more data are processed in the cloud, the queue
length will be shortened, which can meet the critical deadline
of delay sensitive applications. But the cloud has to provide
more computation resource which incurs more monetary cost.
Parameter V is introduced to indicate the importance of the
cost.
C. Design the Algorithm
We design an online algorithm based on the upper bound (15)
of Lyapunov drift plus monetary cost. The algorithm is formally
presented in Algorithm 1. Our algorithm only require the
Algorithm 1 Online Algorithm for Accuracy Monetary Tradeoff Operation
1: At the beginning of every time slot t, observe the queue
lengths Q(t) and the actual incoming packets.
2: The sensor chooses transmission rate ri (t) for the following
optimization problem.
V · A(ri (t)) + Qi (t) · ri (t)

min
ri (t),t=0,1,2,...

ri (t) ∈ [0, ri,max ] .

s.t.
3:

(16)

The cloud chooses processing rate wi (t) for the following
optimization problem.
min

Vβ

N
X

w(t),t=0,1,2,...

M (wi (t)) −

i=1

N
X

Qi (t) · wi (t)

i=1

(17)
s.t.

N
X

w̄i ≤ S

i=1

wi ≥ 0 .
4:

Update the job queue Q(t) as (2).

knowledge of current queueing states and workload arrivals. If
does not require any statistics about future states or workload
arrivals.

Table I
P ROCESSING

DENSITIES OF VARIOUS APPLICATIONS FOR THE
CLOUD - BASED AAL SYSTEMS .

Application
Face recognition [16], [17]
Anomaly Detection [19]
Video transcoding [18]

Processing density (cycles/bit)
31680 [16], 2339 [17]
240
200 - 1200

Table II
D EFAULT PARAMETER VALUES
Parameter
N
β
T
p
a0

value
10
1
200
1
15

Parameter
V
γi
S
a1
rmax

value
0.01
i2
1000000
100
100

Proof: Please see Appendix A.
Remark 2: This theorem shows that we can achieve near
optimal of the long term average accuracy-monetary cost by
setting V to a large value.
Theorem 3 (Queue Stability): All queues Qi (t) are mean
rate stable.
Proof: Please see Appendix B.
Theorem 4 (The Bound of Average Job Queue):
t−1

lim sup

t→∞

B+V ·D
1X
E[Q(τ )] ≤
,
t τ =0


(19)

where D =Pg() − ḡ opt is an average accuracy-monetary cost
N
such that
i=1 r̄i ≤ w̄ −  for some  > 0 (i.e., Slater’s
condition).
Proof: The proof follows the main results in the proofs
of Theorem 2 and Theorem 3. For brevity, we omit the details
here. We encourage the interested reader refer to [20].
The design of Algorithm 1 follows our derived analytical
results. All the previous theorems can hold for this algorithm.
Numerical results further showed the effectiveness of our
proposed algorithm.
IV. P ERFORMANCE E VALUATION
A. Simulation Setup

Real accuracy measurement. To obtain realistic functions
of
the accuracy and rate in Section II, we measure the accuracy
Here we prove that we can develop a processing rate selection
parameters
for several types of sensors [14].
algorithm to achieve near optimal performance in terms of
Datasets
(workloads and processing density). We create
average accuracy-monetary cost by appropriately tuning the
the
workload/traffic
arrivals by generating Bernoulli arrivals.
parameter V . The following theorems highlight our key finds.
Moreover,
the
processing
densities of various tasks are sumSpecifically, Theorem 2 shows the effectiveness of minimizing
marized
in
Table
I,
which
are
used in several studies [16–19].
the objective in (6). Theorem 3 further ensures the queue
Parameters.
The
default
parameters
are summarized in
stability in (7).
Table
II.
Theorem 2 (Bound of Long-term Average Accuracy-monetary
Cost): The long-term average accuracy-monetary cost is B. Simulation Results
bounded as follows.
In this section, we will show the effectiveness of the proposed
t−1
1X
B
algorithms and demonstrate the impact of various system
opt
ḡ = lim
E[g(τ )] ≤ ḡ +
(18)
t→∞ t
parameters. Please note the “average” number at time t in
V
τ =0
D. Theoretical Analysis
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the following simulations is calculated by summing up all the Then, by taking the expectations of (A4), summing up from
past values (include time t), then divided by t + 1.
0, 1, . . . , t and by dividing the sum by V , we obtain, for any
1) Cost-delay Tradeoff Parameter V : As shown in Figure 3, t > 0,
parameter V can effectively strike the trade-off between delay
t−1
X
B
E[L(Q(0))] E[L(Q(t + 1))]
and accuracy plus monetary cost functions. During this set 1
E[g(t)] ≤ ḡ opt + +
−
t τ =0
V
Vt
Vt
of simulation, we set β · V = 0.000001. The figures show
that as V increases, both the loss of accuracy and monetary
E[L(Q(0))]
B
≤ ḡ opt + +
.
(A5)
cost decrease, while the queue length increases, which means
V
Vt
average queueing delay increases.
Thus, Theorem 1 can be proved by taking t → ∞.
2) Accuracy-Monetary Cost Tradeoff Parameter β: The
results in Figure 4 show that β can provide a flexible tradeA PPENDIX B: P ROOF OF T HEOREM 1
off between the loss of accuracy and monetary cost. When β
By taking expectations on (A4) and summing up from
increases, the monetary cost drops while the loss of accuracy 0, 1, . . . , t, we obtain
will increase. The observations confirm our objective function
E[L(Q(t+1))] ≤ E[L(Q(0))]+[B+V (ḡ opt −gmin )]·t , (B1)
with β to indicate the relative importance of monetary cost.
3) Asymptotic optimality of the proposed algorithm:
where gmin ≤ E[g(t)]. Next, by the definition of the Lyapunov
Simulation results show that our algorithm can achieve near
function, we have
optimal average accuracy-monetary cost at the cost of larger
queue length.
E[Zi2 (t)] ≤ 2E[L(Q(0))] + [B + V (ḡ opt − gmin )] · t . (B2)
V. C ONCLUSION
We studied the three most cared metrics in AAL systems and
developed an algorithm to help users to achieve the balance
among accuracy, monetary cost and delay. Specifically, user
can tune knob parameters V and β to operate the AAL system
in a desirable way. Moreover, since the proposed algorithm
only considers the current queue state and workload arrivals,
it can coordinate the system well in time varying environment,
which is common in practical AAL systems. The effectiveness
of the proposed algorithm is proved by rigorous analysis and
simulation results.
A PPENDIX A: P ROOF OF T HEOREM 1
In Algorithm 1, we minimize the right hand side of the
upper bound on the Lyapunov drift plus the accuracy-monetary
cost. Thus, for every time slot t, we have
∆(Q(t)) + V E[g(t)|Q(t)]
N
X
≤ B + V E[g ∗ (t)|Q(t)] + Q(t)E[
ri∗ (t) − s∗ (t)|Q(t)] ,
i=1

(A1)
where ri∗ (t) and w∗ (t) are the arrival rate to the job queue and
processing resource provisioning under any alternative control
policies, respectively. g ∗ (t) is the resulting cost. There exist
a stationary and randomized offline control policy Z, which
can minimize the accuracy-monetary cost. The following holds
under policy Z,
E[g ∗ (t)|Q(t)] = E[g ∗ (t)] = ḡ opt ,
N
X

E[

ri∗ (t) − w∗ (t)|Q(t)] ≤ 0.

(A2)
(A3)

i=1

Next, by plugging (A1)-(A3), we can get
∆(Q(t)) + V E[g(t)|Q(t)] ≤ B + V ḡ opt .

(A4)

Because the variance of |Zi (t)| is always non-negative, we
have E[Zi2 (t)] − E[|Zi (t)|]2 ≥ 0. Hence, for any t > 0. By
dividing both sides by t and taking t → ∞, we prove
E[Zi (t)]
≤ 0,
t
which shows the mean-rate stability.
lim

(B3)

t→∞
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Abstract—MOP(Multiobjective Optimization Problem) is a
prevailing research field for its well-modeling on the decisionmaking dilemma in the real world. We present a distributed
ACO(Ant Colony Optimization) algorithm, as well as a
compatible model, which enables to solve a continuous MOP on
network. The original MOP is expected to be decomposed into
multiple single-objective subtasks, which are then distributed to
the individuals on the network, and the non-dominated front for
the MOP is constructed by aggregating the solutions from the
crowd. Besides, a few strategies are suggested, in order to enable
the compatibility of ACO and continuous MOP. Finally, an
experiment on the KUR test problem illustrates that our
approach is practical.
Keywords—ACO; crowdsourcing model; MOEA;continuous
MOP.

I. INTRODUCTION
In decision-making, different from the ideal circumstance
where only one objective needs to be considered about,
normally, there are several conflicting objectives involved.
Such cases can be modeled as MOPs(multiobjective
optimization problems). A Pareto front is a collection of
solutions to a MOP, for which no single solution is better than
other solutions. For each pair of solutions on Pareto front, one
must be better than the other in at least one objective.
There exist numerous classic algorithms which can provide
good results for MOPs. One important research stream among
them is MOEAs (multiobjective evolutionary algorithms).
Previous work has proved the potential of MOEAs in tackling
with MOPs [1-7]. Except for the above MOEAs based on
genetic algorithm, mACOs (multiobjective ant colony
optimization algorithms) also have been developed in recent
years [8-12].
In 2007, Q.Zhang, and H.Li proposed MOEA/D
(multiobjective evolutionary algorithm based on decomposition)
[13]. The proposition of MOEA/D can be easily associated with
crowdsourcing. Crowdsourcing is a promising model that
enables one to rely on the power of a crowd to get jobs done, by
means of distributing the task to individuals in the crowd [14].
The idea of crowdsourcing has been widely applied in business,
medicine, sociology and other domains. A well-known
example is Wikipedia, where various netizens(Internet citizens)
contribute their knowledge and efforts.

As for our problems, if the scale of MOP becomes larger, it
is a tough and time-costing job for solely one machine to tackle
with. The devisal of MOEA/D inspires us to deploy a job of
MOP on a network, where plenty of machines are working
simultaneously solving the subproblems divided from the MOP,
and thus solve the problem cooperatively.
In this paper, borrowing the idea of crowdsourcing, we
propose a distributed and parallel ACO(Ant Colony
Optimization) algorithm for solving MOPs. The basic idea of
our algorithm is to decompose the original job of a
multiobjective optimization problem into subtasks and assign
each task, which is used to solve a subproblem, to individual
machine on the network. The most significant contribution of
our work lies in that we introduce a compatible model, which
enables one to utilize our algorithm with the help of a crowd on
the network. In addition, there are several innovative strategies
involved during the execution, furthering the existing research
on combination of MOEA/D and ACO [15].
The rest of paper is organized as follows. Section 2
introduces the definition for MOPs. Section 3 presents our
algorithm in detail, including the decomposition approach, the
subalgorithm for each decomposed subproblem, our
PersonalScope strategy, and finally proposes the framework of
the algorithm. Section 4 explicates how we deploy our
algorithm on the network, in order to employ the power of the
crowd. Section 5 elaborates the details during the execution of
our algorithm and shows the experimental result.
II. PROBLEM DESCRIPTION
A. MOP
A MOP can be defined as：
minimize F(x) = �f1 (x), … , f𝑚𝑚 (x)� (1)
subject to x ∈ Ω
where Ω is the decision (variable) space, F = Ω → Rm
consists of m real-valued objective functions, and Rm is called
the objective space. The attainable objective set is defined as set
{F(x)|x ∈ Ω}.

For each pair of u, v ∈ R𝑚𝑚 , u dominates v if and only if
𝑢𝑢𝑖𝑖 ≤ 𝑣𝑣𝑖𝑖 for every i ∈ {1, … , 𝑚𝑚} and 𝑢𝑢𝑖𝑖 < 𝑣𝑣𝑖𝑖 for at least one
objective j ∈ {1, … , 𝑚𝑚}. Point x ∈ Ω is a Pareto optimal if it is
non-dominated, and F(x) is called a Pareto-optimal vector. The
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set of all the Pareto optimal is called the Pareto Set (PS), and
the set of all the Pareto-optimal vector is called the Pareto Front
(PF)[16].
B. Continuous MOP versus Discrete MOP
MOPs can be generally categorized into two categories:
Continuous MOPs and Discrete MOPs. Continuous MOPs are
characterized by continuous objective functions as well as
continuous domains, precisely, Ω = Rn or Ω is a continuous
subspace of Rn , while it is contrary to discrete MOPs .
A typical discrete MOP is the MOKP(Multi-Objective
Knapsack Problem)[8], which can be stated as:
𝑛𝑛

maximize f𝑖𝑖 (x) = � p𝑖𝑖,𝑗𝑗 x𝑗𝑗 ,
𝑗𝑗 =1

𝑛𝑛

𝑖𝑖 = 1, … , 𝑚𝑚

subject to � w𝑖𝑖,𝑗𝑗 x𝑗𝑗 ≤ c𝑖𝑖 , 𝑖𝑖 = 1, … , 𝑚𝑚
𝑗𝑗 =1

where p𝑖𝑖,𝑗𝑗 ≥ 0 is the profit of item j in knapsack i, w𝑖𝑖,𝑗𝑗 ≥ 0
is the weight of item j in knapsack i, and c𝑖𝑖 is the capacity of
knapsack i. 𝑥𝑥𝑖𝑖 = 1 means that item i is selected and put into all
knapsacks.
Apparently, with the constraints, Ω is no longer a
continuous space and neither the objective functions are
continuous.
Normally, ACO is usually more suitable to be applied on
discrete problems due to its inherent characteristics. However,
with a few alternations and adaptations, it is expected that
ACO can perform well on continuous problems, either. Thus,
instead of dealing with MOKP or TSP problems, here we
employ KUR, which is a continuous MOP, as the testing
problem.
Our technique of transforming a continuous problem into a
discrete one is quite straightforward. By setting a given stride
length ε , we decompose the continuous domain into a
collection of scalar points serving as the new domain, precisely,
𝑈𝑈−𝐿𝐿
ℂ = {a1 , … , a𝑘𝑘 }, 𝑘𝑘 =
+1.
ε
a𝑖𝑖 = 𝐿𝐿 + ε ∗ (𝑖𝑖 − 1) 𝑖𝑖 = 1, … , 𝑘𝑘
where U and L are the upper bound and lower bound of the
prescribed variable bounds for the original problem.
Thus, our new problem space is as Ω = {(𝑥𝑥1 , … , 𝑥𝑥𝑛𝑛 )| 𝑥𝑥𝑖𝑖 ∈
ℂ, 𝑖𝑖 = 1, … , n}.
III. ALGORITHM

A. Definitions and Annotations
Here are the definitions and annotations for the symbols
involved in the following contents:
N:The number of the subproblems considered.
m:The number of objectives.
n:The dimension of feasible solutions.
∗ T
) , where z𝑘𝑘∗ is the
z ∗ :The reference point, z ∗ = (z1∗ , … , z𝑚𝑚
∗
{f𝑘𝑘 (x) , x ∈ Ω}.
optimal value to objective k, i.e. z𝑘𝑘 = max
ES:An external set, containing the non-dominated solutions
found.
T:The size of neighborhood.

B 𝑖𝑖 :The neighboring subproblems for subproblem i, B 𝑖𝑖 =
(B1𝑖𝑖 , … , BT𝑖𝑖 )T ,B𝑗𝑗𝑖𝑖 is the global ID for the neighbor j.
x𝑖𝑖# :The recorded best solution for subproblem i.
λ:The collection of weight vectors. λ𝑖𝑖 = {λ1 , … , λN }. λ𝑖𝑖 is the
weight vector for subproblem i, where λ𝑖𝑖 = (λ1𝑖𝑖 , … , λ𝑖𝑖𝑚𝑚 )T .
P:The number of ants in a colony.
H:A parameter controlling N and the generated weight
B. Decomposition and the Generation of Weight Vectors
There are various techniques for the decomposition of
MOP. Here we adopt a Tchebycheff Approach [16].
In this approach, the subproblem i, ℱ𝑖𝑖 (x) is in the form:
minimize 𝑔𝑔𝑡𝑡𝑡𝑡 (x|λ𝑖𝑖 , z ∗ ) = max {λ𝑖𝑖 (f𝑖𝑖 (x) − z𝑖𝑖∗ )} (2)
1≤𝑖𝑖≤𝑚𝑚

subject to x ∈ Ω
For each Pareto optimal solution, there exists a weight
vector λ such that x is the optimal solution of (2) and each
optimal solution of (2) is a Pareto optimal solution of (1). Thus,
by means of solving plenty of different subproblems and
obtaining the optimal solution respectively, the Pareto Front
for MOP is constructed.
And as the definition of subproblem relies on weight vector,
a set of uniformly spread weight vectors is desired. A
parameter H is needed for the generation of weight vector. λ
includes all possible permutations whose m elements are
0 1
H
selected from { , , … , }, with the constraint that the sum
H H
H
must equal to 1.
Therefore, the size of λ, also as N, is:
m−1
𝑁𝑁 = 𝐶𝐶H+m−1

C. PersonalScope Strategy
A defect of our alternation is that for continuous problem,
the domain considered is massively wide even after
decomposing it into a finite set, and thus the construction of a
solution would be time-costing compared with tackling with a
traditional discrete problem.
To limit the choice for each ant and stimulate the algorithm,
a PersonalScope strategy is adopted.
When an ant is initialized, a PersonalScope, which is a
subset of the domain Ω , is randomly generated. Each ant
makes its choice within its PersonalScope respectively. Then
all the constructed solutions would be aggregated and sorted.
Each ant would be informed of its rank, which determines its
PersonalScope state then.
The size of the PersonalScope depends on a ratio ω. For
each dimension, the original domain is ℂ , a collection of
discrete scalar number. Hence the size of PersonalScope is S=
ω ∗ |ℂ|.
With the concept of PersonalScope, the Ω for each ant is
transformed into
Ω = {(x1 , … , x𝑛𝑛 )| x𝑖𝑖 ∈ ℂ𝑖𝑖 , ℂ𝑖𝑖 = �a1𝑖𝑖 , … , a𝑆𝑆𝑖𝑖 � , 𝑖𝑖 = 1, … , 𝑛𝑛}
D. Optimization Algorithm: ACO process
Each ant colony is responsible for a subproblem. With the
adopted optimization algorithm, mainly based on ACO, each
colony searches for its respective optimal.
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Here it is the description of the algorithm:
Algorithm 1 ACO Process

Input:
·MOP
·A stopping criterion
·A pause criterion
·λi
·z*
·B𝑖𝑖
·𝑃𝑃
Output:x𝑖𝑖#
Step 1) Initialization:
1. For each ant t = 1,…,P, generate initial PersonalScope.
2. Initialize the public pheromone structure.
Step 2) Solution Construction: (continuing)
For each ant t = 1,…,P, ant t constructs a new feasible
solution x 𝑡𝑡 by using a probablilistic rule to choose solution
components.
Step 3) Ranking:
Rank the solutions constructed by P ants in ascending order.
Step 4) Update of x𝑖𝑖#
For the highest ranked solution xc , if ℱ(x𝑐𝑐 ) is less than
ℱ(x𝑖𝑖# ), x𝑖𝑖# = x𝑐𝑐 .
Step 5) Termination
Cease and output x𝑖𝑖# , if reaching the stopping condition.
Step 6) Update of PersonalScope
Ants contributing a First Class solution can keep using its
PersonalScope; ants contributing a Second Class solution
have to randomly modify its original PersonalScope before
next solution construction; and as for ants contributing a
Third Class solution, a modified PersonalScope from First
Class ants would be its new PersonalScope. The
classification accords to the rank calculated in Step 3), to be
precise, the top 30 percent would be classified into the First
Class, while the bottom 30 percent would be categorized into
the Third Class, and the rest belongs to Second Class.
Step 7) Pause
Pause and output x𝑖𝑖# , if reaching the pause condition.
Continue after being invoked.
Step 8) Update of Pheromone Structure (continuing)
For each x𝑖𝑖# belonging to the First Class, for components in
x𝑖𝑖# , update pheromone. Go to Step 1).

E. Strategies Adopted in ACO Process in Detail
a) Solution Construction
As we defined in Section II, a solution x ∈ R𝑛𝑛 , precisely,
x = (𝑥𝑥1 , … , 𝑥𝑥𝑛𝑛 ). When constructing solution, each ant chooses
𝑥𝑥𝑖𝑖 , 𝑖𝑖 = 1, … , 𝑛𝑛 one at a time. And for each 𝑥𝑥𝑖𝑖 , valid candidates
are those in PersonalScope respectively.
𝑥𝑥1 is decided randomly, for the constraint of our
pheromone structure. The rest of 𝑥𝑥𝑖𝑖 are chosen according to a
probabilistic method. The possibility for choosing aj as x𝑖𝑖 is:

p𝑗𝑗 =

η𝑗𝑗 α ∙ τ𝑗𝑗 β
𝑠𝑠
∑𝑟𝑟=1 η𝑟𝑟 α ∙ τ𝑟𝑟 β

∀𝑗𝑗 ∈ 1. . 𝑠𝑠, ∀𝑟𝑟 ∈ 1. . 𝑠𝑠

(3)

where η𝑗𝑗 and τ𝑗𝑗 respectively are the heuristic and pheromone
factors of a𝑗𝑗 , and α and β are two parameters that determine
the importance of two factors. Bigger parameter indicates that
the corresponding factor is more highly valued.
b) Heuristic Factor
As we shown in Formula (3),η𝑗𝑗 is a heuristic factor. It
would be preferable if we could work out the exact ℱ(x) as our
heuristic information, but during the process of constructing,
all we have is an incomplete solution. To solve the dilemma,
we introduce a predictive method.
According to our algorithm, each ant maintains a current
optimal x # . And a predictive solution could be constructed
with the half-finished current solution and current optimal.
𝑝𝑝
𝑝𝑝
𝑝𝑝
For example, when choosing the value of x𝑖𝑖 , {𝑥𝑥1 , … , 𝑥𝑥𝑖𝑖−1 }
is determined while {𝑥𝑥𝑖𝑖+1 , … , 𝑥𝑥𝑛𝑛 } is beyond consideration at
#
, … , 𝑥𝑥𝑛𝑛# } from the maintained
this moment. Thus, we slice {𝑥𝑥𝑖𝑖+1
#
current optimal x as the predictive { 𝑥𝑥𝑖𝑖+1 , … , 𝑥𝑥𝑛𝑛 } for our
constructing solution. Suppose the ant is computing the
possibility for choosing aj as 𝑥𝑥𝑖𝑖 . The predictive solution is
𝑝𝑝
𝑝𝑝
#
x 𝑝𝑝 = (𝑥𝑥1 , … , 𝑥𝑥𝑖𝑖−1 , 𝑎𝑎𝑗𝑗 , 𝑥𝑥𝑖𝑖+1
, … , 𝑥𝑥𝑛𝑛# ) and we can get ℱ(x 𝑝𝑝 ) as
the heuristic factor η𝑗𝑗 for a𝑗𝑗 .
c) Pheromone Factor
There are various available pheromone structure,
corresponding to different ways of laying pheromone trails[8].
Here, we adopt the strategy that laying pheromone on each
𝑖𝑖
𝑖𝑖+1
couple �a𝑖𝑖𝑝𝑝 , a𝑖𝑖+1
∈ ℂ𝑖𝑖+1 𝑖𝑖 = 1 … 𝑛𝑛 −
𝑞𝑞 � , where a𝑝𝑝 ∈ ℂ𝑖𝑖 , a𝑞𝑞
1, revealing the idea that the desirability of choosing a𝑖𝑖+1
as
q
𝑥𝑥 𝑖𝑖+1 would increase if the prior 𝑥𝑥 𝑖𝑖 is selected as a𝑖𝑖𝑝𝑝 .
In Formula (3), τj is the pheromone factor, representing
the preference for the colony towards this component.
𝑝𝑝
Continuing on our previous example, we have τj = τ�𝑥𝑥𝑖𝑖−1 , a𝑗𝑗 �.
Besides, other strategies are also feasible in our case, for
example, laying pheromone on each candidate for 𝑥𝑥 𝑖𝑖+1 , etc.
d) Phromone Update
First, pheromone trails are reduced in a given ratio ρ as a
simulation to the process of evaporation in reality.
Second, for the solution x that we are going to update
pheromone on its components, add pheromone to the
components respectively. For each component (𝑥𝑥𝑖𝑖 , 𝑥𝑥𝑖𝑖+1 ) in the
solution x, the quantity of pheromone added is
1
∆τ(𝑥𝑥𝑖𝑖 , 𝑥𝑥𝑖𝑖+1 ) =
𝑖𝑖 = 1, … , 𝑛𝑛 − 1
ℱ(x) − ℱ(x ∗ )
∗
where x is the recorded optimal for the specific
subproblem.
Hence, the formula for pheromone update is:
τ(𝑥𝑥𝑖𝑖 , 𝑥𝑥𝑖𝑖+1 ) = (1 − ρ) ∗ τ(𝑥𝑥𝑖𝑖 , 𝑥𝑥𝑖𝑖+1 ) + ∆τ(𝑥𝑥𝑖𝑖 , 𝑥𝑥𝑖𝑖+1 ),
𝑖𝑖 = 1, … , 𝑛𝑛 − 1

© 2016, Association for Crowd Science and Engineering (ACE). All rights reserved.

57

Proceedings of the 2016 International Conference on Crowd Science and Engineering (ICCSE 2016)

F. Algorithm Framework
Here we describe our main algorithm:
Algorithm Framework

INPUT:
·MOP
·H
·z*
·λ
·T
OUTPUT: ES
Step 1) Initialization:
1. Set ES = Φ
2. Compute the Euclidean distances between weight vectors
in λ in pair. For each λ𝑖𝑖 , i=1,…,N, add the T closest weight
vectors into B𝑖𝑖 ,then pass the required parameters to the ACO
process for subproblem defined with λ𝑖𝑖 .
Step 2) ACO process
Proceed with the ACO process for each subproblem
respectively.
Step 3) Update with Neighboring Solutions:
For each subproblem i, i=1,…,N, for each neighboring
subproblem j in B𝑖𝑖 , if ℱ𝑖𝑖 (x𝑗𝑗 ) is less than ℱ𝑖𝑖 (x𝑖𝑖# ) , x𝑖𝑖# = x𝑗𝑗# .
Step 4) Termination
Cease and output ES, if all the ACO process finished. Else,
go to Step 2).
Step 5) Update of ES:
For each subproblem i, i=1,…,N, remove all the x𝑟𝑟 in ES
dominated by x𝑖𝑖 ,and add x𝑖𝑖 into ES if no existing solution in
ES dominates x𝑖𝑖 .
IV. APPLICATION ON NETWORK

The algorithm above is designed based on the following
model, which guarantee our algorithm could well apply on the
network.

A. Process Model
We simplify the model proposed by A.Murturi, B.Kantarci
and S.F.Oktug in 2015[17], and outline the model we adopted
in Figure.1.
B. Structural Model
Figure.2 is the general view of model applied on our
decomposed MOPs.
C. Role Involved
a) CrowdSourcer
Crowdsourcer is the one who seeks help from the crowd.
The crowdsourcer defines the task and has the responsibility to
decompose it into subtasks utilizing the task manager.
b) Task Manager
Task manager decomposes the task submitted by
crowdsourcer into multiple subtasks. For our problem, the task
manager would generate adequate weight vectors and find the
neighbors for each subtask.
Then, task manager would keep waiting for individuals in
the crowd to request and then designate subtasks.
c) Crowd
Plenty of crowdsourcing providers constitute the crowd.
For each individual in the crowd, it owns a global ID
corresponding to its designated subtask, indicating that it is
responsible for the very subtask. The primary job for each
individual is to work out the subtask, in the context of our
problem, by means of running an ACO process.
It is worth noting at this point that individuals in the
crowd are capable of communicating with their neighbors.
d) Evaluatoin Engine
An evaluation engine collects the result from the crowd,
extracts those non-dominated solutions constituting the Pareto
Front for the destined problem, and returns the Pareto Front to
crowdsourcer.
Thread1-1

Crowdsourcer

Task Manager

1.Submit Task

PC1

Thread1-2

Subtasks on Thread1-4
and Thread 2-2 are
the neighbors of
subtask on Thread2-1

Thread1-3

2.Request for Subtask

Thread1-4

Communicate
Thread2-1

PC2

Thread2-2

Crowd
3. Distribute Subtasks

Thread2-3
Thread2-4

Communicate

5.Reutrn PF
4.Submit Solutions Respectively

Thread3-1

PC3

Thread3-2
Thread3-3
Thread3-4

Evaluation
Engine

Fig. 1. Process Model
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V. EXPERIMENTS

2

A. Test Problem:KUR
The definition for KUR is:

0
-25

Objective functions

Variable bounds

n−1

f1 (x) = �(−10e(−0.2�x 𝑖𝑖
𝑖𝑖=1

n

f2 (x) = �(|x𝑖𝑖
𝑖𝑖=1

|0.8

2 +x

𝑖𝑖+1

2)

3

+ 5 sin x𝑖𝑖 )

)

-20

-15

n

-10

-5

-2 0
-4
-6

[−5,5]

-8

3

B. Settings
T=20
P=100
H=149
ω=0.5
Stride Lengthε=0.05
Stopping Criterion: loop for 1000 iteration
Pause Criterion: loop for 200 iteration
We experimented on a local network constituted with 6
computers: one as crowdsourcer and five as a crowd. And
five threads were created for each individual in the crowd.
Specifically, the KUR was decomposed into 150
subtasks. Each individual is responsible for 30 subtasks.
More precisely, each thread takes charge of 6 subtasks.
For each thread, 6 subtasks were scheduled with timeslice strategy thus it is approximately parallel processing.
C. Result
Figure.3 shows the obtained non-dominated solutions
by our approach. The horizontal and vertical axis represent
f1 (x) and f2 (x) for a Pareto optimal x, respectively.

-10
-12
-14
Fig. 3. Result: the Obtained Nondominated Solutions

Total time ：321246ms
D. Analysis and Discussion
The result reveals that our approach is feasible to
construct an approximation of PF for KUR problem.
However, we discovered that with the increase of iteration
and more communication, while solutions for certain
subproblems are optimized by consulting with neighbors or
local search, the number of non-dominated solutions
collected from the crowd diminishes, as shown in
Figure.4.The diminution indicates that plenty subproblems
take the current optimal solution provided by neighbor as its
optimal solution, so they discard their current solutions,
which are non-dominated in a global view but not better
solutions for their specific subproblems than their neighbors’.
Further work would experiment with more test problems and
explain the phenomenon. An expedient here is to command
individuals in the crowd submit its the current solution to
evaluation engine every time it pauses (before
communication), instead of solely submitting the solution at
the very end, thus the discarded solutions are also in the
control of evaluation engine and likely to contribute in the
final non-dominated front.

Fig. 4. Nondominated Solutions collected from the crowd at the end of 200 Iteration,400 Iteraton,600 Iteration,800 Iteration, and 1000 Iteration.
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VI. CONCLUSION
In this paper, we proposed a modified ACO algorithm.
With several innovative strategies and its underlying
crowdsourcing model, the algorithm could perform well on
the KUR test problem.
The work so far reveals the potential of ACO in tackling
with continuous problem, and specifically, continuous MOP,
in our context. In addition, our research provides an
empirical case for the employment of distributed ACO. The
model and algorithm framework would be a practical
reference for various decomposable problems.

[7]

[8]

[9]

[10]

As our research is still at an early stage, we left a few
facts unexplained, such as, explanation for the diminution
and compatibility with other MOPs. In future work, we will
strive for these questions.

[11]
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Abstract—To mitigate uncertainty in the quality of online purchases (e.g., e-commerce), many people rely on review comments
from others in their decision-making processes. The key challenge
in this situation is how to identify useful comments among
a large corpus of candidate review comments with potentially
varying usefulness. In this paper, we propose the Reliable Review
Evaluation Framework (RREF) which combines crowdsourcing
with machine learning to address this problem. To improve
crowdsourcing quality control, we propose a novel review query
crowdsourcing approach which jointly considers workers’ track
records in review provision and current workloads when allocating review comments for workers to rate. Using the ratings
crowdsourced from workers, RREF then enhances the adaptive
topic classification model selection and weighting functions of
AdaBoost with dynamic keyword list reconstruction. RREF has
been compared with state-of-the-art related frameworks using
a large-scale real-world dataset, and demonstrated over 50%
reduction in average classification errors.

I. I NTRODUCTION
Electronic services, such as e-commerce, are often provided
by people with diverse skills, resources or motives. There is
significant uncertainty, especially when a user consumes such a
service. There is a strong need from users for review comments
from previous customers in order to reduce the uncertainty in
their decision processes. This has given rise to many review
service providers such as TripAdvisor where users can post
comments about a wide variety of such services for others to
browse.
The success of these review service providers has created
another problem - the proliferation of review comments. For
example, in 2015, TripAdvisor users posted over 320 million
reviews.1 This makes it challenging for a user to manually look
through the typically large number of reviews associated with
an entity to identify those reviews that are most useful. Thus,
review recommendation services powered by natural language
processing (NLP) techniques can be a useful tool to help users
solve this problem. Training effective NLP models typically
requires well-labelled data. However, employing professional
annotators to produce the labels is often costly and time
consuming. In recent years, crowdsourcing has become an
increasingly popular approach for acquiring labels for large
training datasets [1].
Crowdsourcing refers to the process of harnessing the contributions of a large number of people, typically through the
1 http://www.tripadvisor.com/PressCenter-c4-Fact

Sheet.html

Internet, to complete tasks [2]. Successful examples of crowdsourcing include the reCAPTCHA system which provides online security while utilizing the crowd’s efforts to digitize precomputer era books [3], and fold.it which allows the crowd to
contribute towards scientific discoveries [4]. Existing literature
in Active Learning has realized the advantages of dynamically
obtaining labels via crowdsourcing [5], [6], and accounting for
the workers’ abilities [7], [8]. Thus, it is important to provide
quality control mechanisms when crowdsourced labels are to
be used to train machine learning models.
In this paper, we propose the Reliable Review Evaluation
Framework (RREF) which infuses crowd intelligence into
active machine learning. It contains two novel approaches to
enhance the accuracy of identifying useful review comments
to be recommended to users. Firstly, a situation-aware task allocation approach is proposed which performs crowdsourcing
quality control. It jointly considers each worker’s track records
in review rating (i.e., label) provision and current workload
to make optimal trade-offs between the overall label quality
and time elapsed. Secondly, RREF enhances the AdaBoost
framework by combining dynamic keyword list reconstruction
with adaptive selection and re-weighting of multiple topic classification models to improve overall classification accuracy.
We prove that the task allocation strategies computed by
RREF can achieve close to the optimal overall accuracy and
that the proximity to the optimal value can be controlled
easily through trade-offs in waiting time. Furthermore, RREF
has been extensively evaluated using a large-scale review
comments dataset crawled from Amazon China. Compared
to two state-of-the-art frameworks, RREF achieves more than
50% reduction in average classification error rates.
II. R ELATED W ORK
There is considerable work in the literature on NLP through
traditional machine learning approaches [9], [10], [11], [12].
Techniques such as Latent Dirichlet Allocation (LDA) [13] are
often used.
As well-labelled training data are important for machine
learning, researchers are always looking for ways to gather
good quality labels at scale. In [1], [14], the authors have
shown that a multitude of workers can potentially produce
useful labelled data for NLP tasks as well as experts can. Following these successes in utilizing crowd intelligence, recently,
active learning frameworks which include human labellers
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into the machine learning process through crowdsourcing are
starting to emerge. In [15], the authors proposed a framework
which adopts crowdsourced labels from workers and experts
to reduce the noise in the labels.
The framework proposed in [16] - JCF - is the most
closely related to our proposed RREF in this paper. JCF
combines crowdsourced review comment ratings with active
learning SVM classifiers with the aim to improve classification
accuracy. Expert supervisors’ opinions are used to adjust the
Random Active Learning SVM and the Margin-based Active
Learning SVM, while opinions from common crowdsourcing
workers are used to adjust the Crowd Active Learning SVM
classifier.
Nevertheless, existing frameworks do not possess quality
control mechanism for the crowdsourcing step. Nor do they
adjust the keyword vectors during the active learning process
in response to the crowd’s feedback. In the following section,
we explain how the proposed RREF addresses these limitations.

comment ratings are optimized by the proposed HIT allocation
approach.
While workers are working on the HITs, the framework
calculates distributions of different topics and maps the comments into vectors. The comment classification model will then
compute the usefulness scores for the comments. When ratings
from the workers are received, they are used to update the
weight values assigned to each classifier so that the workers’
opinions can be used to guide the adjustment of relative
importance given to each classifier. Once the weight values
converge, the training process terminates and a classification
model with accuracies improved by human intelligence can be
obtained.
A. Crowdsourcing Quality Control

III. T HE P ROPOSED RREF
Our goal is to construct a crowdsourcing-powered machine
learning framework which can accurately identify useful review comments as shown in Figure 1. Based on the rating
information (i.e., the labels) provided by crowdsourcing workers, we aim to improve the classification model accuracy.
Fig. 2. Our rating request HIT template.
Convert a Review
Comment to an HIT

Task Allocation via
Crowdsourcing Quality
Control Mechanism

Update Workers’
Reliability Scores

Crowd Workers

Aggregate Ratings

Map Comments to
Vectors and Obtain Topic
Distributions

Topic 1 Classifier

...

Update Classifier Weights

Topic i Classifier

...

Topic n Classifier

Classified
Correctly?

Fig. 1. The system architecture of RREF.

When new review comments are received, the proposed
framework first maps these comments into human intelligence
tasks (HITs) using our HIT template. Then, these HITs are
dynamically allocated to a multitude of workers to obtain their
ratings. The quality and timeliness of the crowdsourced review

Review comments, especially those written in Chinese language, may contain subtleties which are difficult for today’s
natural language processing techniques to recognize. However,
they can be very clear to a speaker of the language. Thus, it
is advantageous to integrate ratings about the usefulness of
review comments from humans through crowdsourcing into
the machine learning process. For this purpose, we designed
a crowdsourcing HIT template as shown in Figure 2 which
displays a review comment to a worker and allows him to
select how useful he feels the comment can be to his decisionmaking process.
Nevertheless, when obtaining such ratings, the heterogeneity
in workers’ experience and reliability will inevitability affect
the quality of their comments. Thus, it is not advantageous to
simply rely on the traditional mode of crowdsourcing where
the request for comments about a service is just advertised
to workers waiting for them to respond (similar to Amazon’s
Mechanical Turk (mTurk)2 ).
To address this problem, we propose a dynamic rating
crowdsourcing approach. Whenever new review comments
arrive, they are automatically composed into HITs by RREF
following our HIT template. With tracking tools such as
Turkalytics [17], workers’ behaviour related data in a given
crowdsourcing system can be monitored efficiently. Then, the
HITs are allocated to a multitude of workers based on the
proposed crowdsourcing approach to obtain ratings.
2 https://www.mturk.com/mturk/welcome
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Let Qw (t) be the number of rating requests in a worker w’s
pending task queue at time slot t. The queueing dynamics can
be expressed as:

Qw (t + 1) = max[0, Qw (t) + aw (t) − cw (t)]

(1)

where aw (t) is the number of new rating requests sent to
worker w at time slot t, and cw (t) is the number of rating
requests completed by worker w at time slot t.
A worker w’s reliability at time slot t based on his track
records is denoted by γw (t) ∈ [0, 1]. In this paper, we
adopt the model proposed in [18] to compute the value of
γw (t). The model computes not only worker’s probability of
producing a useful rating, but also the uncertainty based on the
amount of available track records. Thus, γw (t) represents the
probability of a worker w’s rating for a comment being useful
for improving our machine learning model discounted by the
uncertainty involved. Nonetheless, other models for computing
a worker’s reliability [19] can also be used in conjunction with
the proposed crowdsourcing approach as long as the outputs
can be normalized to the range of [0, 1].
Let U (t) be the overall utility (i.e., the expected accuracy of
ratings obtained) of allocating requests for ratings to a given
crowd of N workers at time slot t. We have:

U (t) =

N
X

γw (t)aw (t).

of the variations in workers’ workloads, we have:
∆(Q(t)) = E{FL (t + 1) − FL (t)|Q(t)}

T −1 N 
1 XX 1 2
1
=
Qw (t + 1) − Q2w (t)
T t=0 w=1 2
2

T −1 N
1 XX
=
Qw (t)aw (t)
T t=0 w=1

(4)


1
− cw (t)[Qw (t) + aw (t)] + [a2w (t) + c2w (t)]
2
T
−1
N
1 XX
6
[Qw (t)aw (t) + Ψ]
T t=0 w=1
where Ψ = 12 [a2max + c2max ] > 0. amax and cmax are the
physical upper limits on aw (t) and cw (t) for all w and t in a
given crowdsourcing system, and can be regarded as constants
for our purpose.
Thus, we can formulate the utility-minus-surprise objective
function as:
σE{U (t)|Q(t)} − ∆(Q(t))
T −1 N
1 XX
(σγw (t)aw (t) − Qw (t)aw (t) − Ψ)
>
T t=0 w=1

(5)

where σ > 0 is a weight factor determining the relative importance given to maximizing utility versus minimizing surprise.
By considering only the terms containing the solution variables
aw (t) for all workers, the optimization can be formulated as:
Maximize:

(2)

w=1

T −1 N
1 XX
aw (t)[σγw (t) − Qw (t)]
T t=0 w=1

(6)

γw (t) > γmin , ∀w, t

(7)

aw (t) 6 cmax , ∀w, t

(8)

Subject to:
Recent findings in social science suggests that human choice
behaviour can be accounted for by a mixture of utility
maximization and surprise minimization [20]. We adopt this
principle in our crowdsourcing approach in order to improve
the chance of the computed request allocation plan to be
accepted by the workers. To this end, we need a way to model
the concept of surprise for workers working on the requests.
The variation in workload for a worker can be regarded as a
form of surprise, which shall be minimized.
The Lyapunov function [21], which measures the overall
congestion of demand on workers at time slot t, can be
expressed as:

FL (t) =

N
1X 2
Q (t)
2 w=1 w

(3)

Let Q(t) denote a vector of all workers’ pending task queues
at time slot t. Using the Lyapunov drift ∆(Q(t)) as a measure

where γmin is the minimum reliability value a worker w must
achieve in order to be allowed to participate. The value can be
set by the system administrator. By setting the upper limit of
aw (t) to cmax in Constraint 8, we intend to keep the workers
busy. Nevertheless, other strategies can be easily implemented
by changing Constraint 8.
The solution variables for the above optimization are
aw (t) ∈ {0, Z+ } for all workers whenever there are new
review comments to be rated by multiple workers. To maximize Eq. (6), at each time slot t, Algorithm 1 computes the
values of the expression [σγw (t) − Qw (t)] (denoted as ηw (t)
for simplicity) for every worker w. It then sorts all workers
in descending order of their ηw (t) values. For each worker w
who satisfies Constraint (7), set aw (t) based on Constraints
(8). The rating request allocation terminates when there are
no more workers with ηw (t) > 0.
Once the ratings for a comment are received from all workers, they are aggregated through majority voting. Then, the
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Algorithm 1 Rating Request Allocation
Require: Number of review comments Nc (t) which need to
be rated at a given time t; σ; Qw (t), cmax and γw (t)
values for all workers.
1: Compute ηw (t) for all w;
2: Rank all w in descending order of ηw (t);
3: for each worker w do
4:
if ηw (t) > 0 and γw (t) > γmin then
5:
if Nc (t) < cmax then
6:
aw (t) = Nc (t);
7:
else
8:
aw (t) = cmax ;
9:
end if
10:
else
11:
aw (t) = 0;
12:
end if
13: end for
14: return {a1 (t), a2 (t), ...}, ∀w;

where ωm > 0 represents the weight of the m-th classifier.
Classifiers with higher error rates are given lower weights.
km (Ti ) represents the classification output of a classifier km
on a multidimensional input feature vector Ti (i.e., a keyword
list representing a review comment).
Suppose there are already M − 1 classifiers included in the
AdaBoost model, and we want to select one more classifier
from a pool of available classifiers to join the cascade.
The problem becomes how to select a classifier
from the classifier pool given a training set
{{T1 , u1 }, {T2 , u2 }, ..., {Tn , un }} in which a comment Ti
has a usefulness score ui . To address this problem, the error
function  can be expressed as follows:

=

n
X

αim e−ωm f (ui ,km (Ti ))

(10)

i=1

where
workers’ performance for this task is evaluated by comparing
their individual ratings against the aggregated rating. Workers
whose ratings are the same as the aggregated rating will have
their reliability scores increased, while those whose ratings
differ from the aggregated rating will have their reliability
score reduced following [18].

In order to make the proposed framework flexible in adapting what classification technique to employ with changing
situation, we adopt AdaBoost [22] as the basis for RREF.
AdaBoost provides an effective framework for combining
multiple classifiers to enhance the overall performance. It
consists of two steps. Firstly, suppose we have selected m
classifiers and need to select an additional classifier from
the rest of available classifiers, the one with the minimum
misclassification cost among all remaining classifiers shall be
selected. Secondly, the weight for the newly added classifier
is determined by minimizing the total misclassification cost.
With the help from human labellers through crowdsourcing,
the weight of each training sample can be obtained during
the training process. The training sample weights are updated
according to the following principle. Misclassified samples are
assigned higher weight values while the weight values for
correctly classified samples are reduced. In this way, RREF
can focus on selecting a new classifier which can play a
more significant role in improving the classification accuracy
for the misclassified samples, thereby improving the overall
performance.
The classification result of a model containing M classifiers
can be expressed as a linear combination:
M
X

ωm km (Ti )

m=1

= C(M −1) (Ti ) + ωM kM (Ti )


=

1
e−ui C(m−1) (Ti )

(9)

, if m = 1
, otherwise.

(11)

The function f (ui , km (Ti )) is defined as:

f (ui , km (Ti )) =

B. Crowd-Powered Adaptive Classifier Selection

CM (Ti ) =

αim

−1, if km (Ti ) 6= ui
1, otherwise.

(12)

Thus,  can be re-written as:
X

=

km (Ti )6=ui

αim eωm +

X

αim e−ωm

(13)

km (Ti )=ui

To determine the updated weight values ωm which minimize
the overall error rate , we find the first order derivative of 
with respect to ωm and equate it to 0. Solving the differential

Algorithm 2 keyword list reconstruction
Require: A keywords list K; a review comment Ti containing a set of keywords.
1: Vector ItemList = {∅};
2: if Predicted label for a comment Ti differs significantly
from the crowd annotated label for Ti then
3:
Rank all keywords in K in ascending order of their
contributions to classification accuracy;
4:
Select the top k keywords from the re-ordered K to
form a replacement list Ir ;
5:
Randomly select keywords from (K − Ir ) to replace
the keywords in Ir ;
6:
Combine the replaced Ir with (K − Ir ) to form Vector ItemList;
7: end if
8: return Vector ItemList;
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Since Qw (t) > 0 for all w and t, FL (·) > 0 and FL (0) = 0,
Eq. (17) can be re-written as:

equation yields:

ωm

1
= ln
2

P

km (Ti )=ui

!

αim

m
km (Ti )6=ui αi
!
Pn
P
m
m
1
i=1 αi −
km (Ti )6=ui αi
P
= ln
m
2
km (Ti )6=ui αi


1
1−ε
= ln
2
ε

T −1 N
1 X X
E{γw (t)aw (t)}
T t =1 w =1

P

(14)
> U∗ +

km (Ti )6=ui
Pn
is the weighted error rate of a
where ε =
m
i=1 αi
classifier m among all selected classifiers.
In practice, there can be cases in which one classifier
predicts a result which differs too much from the ground
truth. For instance, given a review comment Ti , a classifier
may label it as “over 90%” useful, while the aggregate label
from crowdsourcing workers is “10% to 30% useful”. To
deal with these situations, we further enhance AdaBoost by
proposing the comment vector reconstruction method as shown
in Algorithm 2.

ϕ
1
ϕ
+
E{FL (Qw (T ))} > U ∗ − .
σ
σT
σ
Therefore, we prove that the lower bound on the time averaged expected accuracy of the overall rating on review
comments from workers achieved by following the proposed
crowdsourcing quality control mechanism is within ϕ
σ of that
achieved by the theoretical optimal solution. If σ is increased
to significantly large, most rating requests will concentrate on
workers who have demonstrated good reliability in the past,
thereby resulting in high rating accuracy.
Since U ∗ > 0, re-arranging the terms in Eq. (18) yields:
T −1 N
1 X X
E{Qw (t)}
T t =1 w =1

IV. A NALYSIS
6
In this section, we analyze the performance bounds of the
proposed crowdsourcing quality control mechanism.
Assume there exist constants σ, ξ and ϕ at a given time slot
t such that:
σU (t) − ∆(Q(t)) > σU ∗ + ξ

N
X

Qw (t) − ϕ,

(15)

w =1

where U ∗ is the optimal rating accuracy produced by a mechanism which can perfectly predict the workers’ behaviour. We
have:
N
X

σ

(18)

−

αm
i

P

T −1 N
ξ X X
E{Qw (t)}
σT t =1 w =1

T −1 N
σ X X
E{γw (t)aw (t)}
ξT t =1 w =1

(19)

σ
ϕ
1
− U∗ + −
E{FL (Qw (T ))
ξ
ξ
ξT
T −1 N
ϕ
σ XX
E{γw (t)aw (t)} + .
6
ξT t=1 w=1
ξ
Therefore, we prove that, by following the proposed crowdsourcing quality control mechanism, the upper bound on
the time-averaged pending task queue lengths for workers is
directly proportional to σ. Overall, a larger σ value will result
in high accuracy of ratings for review comments, but longer
delays in obtaining these ratings from crowdsourcing workers.
V. E XPERIMENTAL E VALUATION

E{γw (t)aw (t)}

w =1

− E{FL (Qw (t + 1)) − FL (Qw (t))} > σU ∗
N
X

+ξ

(16)

E{Qw (t)} − ϕ

w =1

Fig. 3. An example review from Amazon.cn.

which holds for all time slots. By summing both sides of Eq.
(16) over all t ∈ {0, 1, ..., T − 1}, we have:

σ

T
−1
X

N
X

E{γw (t)aw (t)}

t =1 w =1

− E{FL (Qw (T )) − FL (Qw (0))} > σT U ∗
+ξ

T
−1
X

N
X

t =1 w =1

E{Qw (t)} − T ϕ.

(17)

Fig. 4. The keyword vector from our datasets.

In this section, we evaluate the performance of the proposed RREF using a dataset of real-world review comments
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20%
Avg. Classification Error Rate

crawled from the Amazon China e-commerce website.3 The
product reviews are written in Chinese and are obtained using
a distributed web crawler over an 18 month period from
March 2014 to August 2015. In total, we have obtained 10
datasets each containing 2,000 to 3,000 review comments
under various sub-categories of mobile phone/communications
products. An example review is shown in Figure 3.4 . Using a
word segmentation tool, we form a keyword vector from all
comments (Figure 4).
RREF is compared against two state-of-the-art approaches:
1) the AdaBoost framework [22], and 2) JCF: the crowdsourcing enhanced classification framework proposed in [16]. We
adopt the average classification error rate, E ∈ [0%, 100%],
as the metric to compare the performance of RREF against
these frameworks. The lower the value of E, the better the
performance.
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Fig. 6. E values of different classifiers on TCMs.

20%

5%

0%

SVM
Random Forest
Bayes

0

2

4
6
8
Test Dataset ID

10

RREF
AdaBoost
15%

10%

5%

0%

0

2

Fig. 5. E values of topic classification models (TCMs).

In the experiments, we include six different topic classification models (TCMs) and the SVM classifier, Random Forest
classifier and the Naı̈ve Bayes classifier for the proposed
RREF to dynamically select from and adjust the weights.
The performance of the six TCMs on the 10 test datasets
we collected are shown in Figure 5. It can be observed that
the TCMs perform differently as they each have different
advantages and limitations. The same observations can be
made for Figure 6 which shows the performance of the SVM,
Random Forest and Naı̈ve Bayes classifiers for the 10 test
datasets.
Figure 7 compares the performance of RREF against that
of AdaBoost. The principles of dynamic TCM selection and
weight adjustment are the same in both frameworks. However,

4
6
8
Test Dataset ID

10

Fig. 7. RREF v.s. AdaBoost.

RREF is equipped with the additional features of review comment rating crowdsourcing with quality control (Algorithm 1)
and keyword list reconstruction (Algorithm 2) based on TCM
performance. The reconstructed keyword vector produced by
RREF is shown in Figure 8. These two new features have
resulted in improved performance by RREF. Over all 10
training sets (with over 20,000 review comments), RREF
achieves an average classification error rate of 3.35%, which is
62% lower than the average classification error rate of 8.22%
achieved by AdaBoost.

3 http://www.amazon.cn/
4 The datasets used in our experiments can be downloaded from http://211.
87.227.218:8081/en/download/

Fig. 8. RREF reconstructed keyword vector.
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Fig. 9. RREF v.s. JCF.

Figure 9 shows the performance of RREF against that
of JCF. JCF is closely related to the proposed RREF as it
combines crowdsourced review comment ratings with active
learning SVM classifiers with the aim to improve classification
accuracy. Nevertheless, JCF does not possess any quality
control mechanism for the crowdsourcing step, and does not
adjust the weight values assigned to variants of the SVM
classifiers. RREF achieves an average classification error rate
of 3.5%, which is 58% lower than the average classification
error rate of 8.27% achieved by JCF.
VI. C ONCLUSIONS AND F UTURE W ORK
In this paper, we proposed a crowd intelligence powered
dynamic machine learning framework - RREF - to help ecommerce systems accurately identify useful review comments
from users. RREF contains a novel data-driven crowdsourcing
quality control mechanism based on the Lyapunov queueing system optimization technique, and a dynamic classifier
composition and weight adjustment approach with keyword
list reconstruction. RREF offers an effective way to infuse
crowd intelligence into machine learning to improve the
overall review comment classification which is an important
research areas in the field of NLP. Theoretical analysis proves
the existence of performance bounds for the crowdsourcing
quality control mechanism. Extensive experimental evaluations
using a large scale real-world dataset demonstrated that RREF
significantly outperforms state-of-the-art related frameworks.
In future research, we will further improve the crowdsourcing quality control mechanism to include other considerations,
such as workers’ social relationships [23], personal preferences
[24] and miss-interpretation of outcomes [25], which may
impact the biases in crowdsourced review comments ratings.
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Abstract—In E-commerce, the security technology has become
major issue restricting the rapid development and popularization
of E-commerce. Existing solutions leverage blockchain protocols
to improve the credibility of transactions, but most of them have
some limitations, such as a lower throughput and higher
consensus latency. This paper presents a trusted framework
(ETTF) using blockchain protocol in E-commerce to achieve a
higher credible trading. ETTF includes a peer blockchain
protocol (PBP) based on a peer blockchain architecture to
support the storage of massive transactions and instant
transactions. In PBP, the throughput scales nearly linearly
increase with the computation: the more computing power
available, the more blocks selected per unit time. In addition, this
paper introduces a strong consensus (ECA) in E-commerce to
guarantee a higher credibility of transactions. ETTF is also
efficient because the number of messages it requires is nearly
linear in the network size. ETTF has been compared with
Bitcoin-derived blockchain in E-commerce, and demonstrates
better performance on throughput, latency, capacity, and
network bandwidth.
Keywords—Blockchain;
transaction.

consensus

algorithm;

trusted

I. INTRODUCTION
E-commerce plays an essential role in our life. Although
there are many major issues to be addressed in E-commerce.
First of all, the security problem of transaction should be
treated seriously, such as information security. Second, the
openness of transactions should be taken into account carefully.
Because e-commerce platform is a centralized system,
provided services are massively centralized, resulting in both
strict control by the central bodies and vulnerability if used by
criminals [1]. As a result of this, only trading center has
permission to provide related information or credibility. If a
trading center suffers from network attacks, it’s easy for a
attacker to tamper transactions through the treading center.
Moreover, Due to privacy information on current e-commerce
platform, it is inconvenient for the government to attain
statistics information. If it adopts one blockchain protocol [2]
to process transactions in E-commerce, it can solve almost all
the problems.
The Bitcoin-derived blockchain holds great promises for
distributed ledgers. However, in E-commerce, each transaction
must be immediately processed, and massive transactions
occur simultaneously. In Bitcoin-derived blockchain, the block

size is currently limited to 1MB, resulting in that only 1 to 3.5
transactions per second for Bitcoin [3]. If E-commerce adopts
Bitcoin-derived blockchain to solve those problems, it will
cause a lower throughput and lower latency. So, we present a
Trusted Trading Framework Based on Blockchain in Ecommerce (ETTF), which can keep unlimited data and support
instant transactions, and performs much better to satisfy the
demands of E-commerce. The goal of ETTF is to construct a
higher security, public, trusted, autonomous E-commerce
ecosystem.
Most blockchain protocols can guarantee a higher security
of transactions by sending all transactions to other peers in the
price of consuming much computation resources.
The key idea in ETTF is to construct peer blockchain
protocol which divides all peers into different committee.
Unlike other blockchains, PBP doesn’t leverage proof-of-work
mechanism used in Bitcoin. Some blockchain protocols use a
set of validation peers to validate the legality of transactions,
but all of those blockchains consider the validation peer valid
always. In PBP, we develop a validation peer selection
algorithm, which can dynamic changes membership in each
epoch. PBP is a collaborative protocol without wasting
computation resources. Because PBP will increase
communication costs. To reduce the communication costs, we
develop a new propagation algorithm in E-commerce (EPA).
EPA introduces a validation peer set as the representation of all
peers to validate the legality of block. As PBP can’t achieve the
openness and a peer can still tamper the information, so we
develop a new global consensus algorithm (ECA) that is run in
all peers. ECA leverages proof-of-work mechanism to write the
hash value of a block into a global block in every epoch.
The contributions of our research are as follows:
 A Trusted Trading Framework Based on Blockchain
in E-commerce. By constructing a three-layer
blockchain, we represents a Trusted Trading
Framework Based on Blockchain (ETTF), which has
better performance on E-commerce. ETTF can
guarantee a higher credibility of transaction, support
instant transaction, and keep unlimited data.


Higher throughput and lower latency: By partitioning
network into several sub-committees, ETTF can
significantly achieve higher throughput and lower
latency than Bitcoin when the same trust assumptions
as Bitcoin.
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Peer Key Block

Peer Micro Block

Peer Key Block

Peer Micro Block
Figure 1: Peer Blockchain Architecture

Hash value: <sha3 hash>
Timestamp: <block creation timestamp>
Owner: <public key of the node creating the block >
Voter List: <list of federation nodes public keys>
signature : <ECDSA signature of vote block >

Hash value: <sha3 hash>
Timestamp: <block creation timestamp>
Owner: <public key of the node creating the block >

Transaction List: <list of transactions >

Peer micro block List: <list of Micro block >

a: Peer Micro Block Architecture
b: Peer Key Block Architecture
Figure 2: Block Model in peer blockchain

The remainder of the paper is organized as follow: Section
II introduces the related work about blockchain scalability. In
Section III, we provides the overview of ETTF. Section IV
describes the ETTF in detail. Section V introduces the
experiment about ETTF. This paper is concluded in Section VI.
II. RELATED WORK
The core technology in Bitcoin-derived blockchian
innovation powering these systems is the Nakamoto consensus
protocol for maintaining a distributed ledger known as the
blockchain. The blockchain technology provides a
decentralized, Byzantine fault-tolerant transaction mechanism,
and promises to become the infrastructure for a new generation
of Internet interaction, including anonymous online payments
[4], remittance, and transaction of digital assets [5]. Ongoing
work explores smart digital contracts, enabling anonymous
parties to programmatically enforce complex agreements [6].
Despite its potential, Bitcoin-derived blockchain protocols also
face a significant scalability barrier. Bitcoin has scalability
issues in terms of throughput, latency, capacity, and network
bandwidth. For example, increasing block size can improve
throughput, but the causing bigger blocks take longer time to
propagate in the network. Reducing the block interval reduces
latency, but leads to instability that the chain is forked into
branches.
Many consensus protocols use randomization mechanism,
especially in order to circumvent the well-known FLP
impossibility result for deterministic asynchronous networks
[7]. Generally, nondeterministic restatement of the consensus
problem involves Las Vegas rules: the network must
eventually reach consensus, although the amount of time taken
may be unbounded. King and Saia [8] considered the Las
Vegas rules is too strict for large scale networks. Since
deterministic consensus requires at least ( n 2 ) message bits
[9], any randomized consensus protocol using fewer than
quadratic messages must be a Monte Carlo protocol with
nonzero probability of failure [10], [11].
In other aspects [12], Zerocash [13] and Zerocoin [14]
provide anonymous payments through the use of a novel type

of cryptographic proofs. Unlike Bitcoin , [13] is an anonymous
payment system that can provide excellent blockchain privacy
and more higher throughout. However, the parties entrusted to
anonymize transactions in [15] can still violate users’
anonymity, even if they are honest-but-curious. Ittay Eyal [16]
presents Bitcoin-NG, a new Bitcoin-derived blockchain
protocol designed to scale. Bitcoin-NG achieve that Byzantine
fault tolerant, robust to extreme churn, and sharing the same
trust model obviating qualitative changes to the ecosystem.
Hong-Jie He [17] proposes a blockchain based fragile
watermarking scheme to solve the issue of security and
accuracy of tamper localization.
III. OVERVIEW OF THE TRUSTED TRADING FRAMEWORK
USING BLOCKCHAIN IN E-COMMERCE
We denote by p represents a peer. The identities of peers
are established using public-key cryptography as follows:
When a peer p joins the network for the first time, p generates
a public and private key pair. In E-commerce, each peer
represents a third party payment platform, logistics platform or
synthesis supervision platform. We introduce three types of
peer: global blockchain generation peer ( gp ), global
blockchain validation peer ( vp ), supervision peer ( sp ) and
ordinary peer ( op ). Only gp has permission to generate global
block, only vp has permission to validate the ‘legality’ of global
block. Each peer can deal with transactions except sp .
Each sp just manger the whole network. All peers compose
Trusted Trading Network (TTEN) based on ETTF.
ETTF proceeds in epochs. In each epochs, first, each peer
writes the transactions into blocks. Meanwhile, according to
peer’s honesty that indicates the probability of tampering
transaction, available mining power that indicates peer's
computing power, ETTF generates gp and vp set from all peers.
Second, all gp collaborative generate E-commerce global block,
and send global block to vp set. Thirdly, vp set integrates
multiple global block into a single one and sends it to sp set. If
this global block is valid, sp set sends this block to the
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remained peers and vp set generates new gp , sp and vp set for
next epoch. In TTEN, each peer must keep all global block.
ETTF includes two parts: Peer Blockchain Protocol (PBP)
and a strong consensus algorithm in E-commerce (ECA). PBP
is a blockchain protocol to protect the security of transactions
in peer. ECA is just used to prevent the “dishonesty” peers to
tamper other peer’s transactions.
IV. THE TRUSTED TRADING FRAMEWORK USING
BLOCKCHAIN IN E-COMMERCE
A. Peer Blockchain Protocol
To protect the security and trusted of transactions in each
peer, this paper presents a peer blockchain protocol (PBP).
Each peer has a peer blockchain, which just keeps transactions
involved in transfer of assets. Figure 1 indicates the
architecture of peer blockchain. In PBP, status of each block
introduces three types: undecided, valid and invalid. In peer
blockchain, each peer micro block (PMB) contains a group of
transactions, a vote list by vp set and includes signature list as
shown in Figure 2a. Each peer key block (PKB) contains a
group of PMB as shown in Figure 2b. There is majority of
positive or negative votes for a PMB in vp set, this PMB can go
from undecided to valid or invalid. It’s a rule that only valid
PMB can be write into a PKB. If PMB is considered to be valid,
those transactions PMB contained also are valid, and
transactions be in effect that will be executed.
PBP proceeds in epochs. Each transaction and PMB goes
from undecided to valid or invalid. To guarantee the time from
occurrence of transaction to transaction in effect less than one
second, multiple PMB will be generated in one time, but only
one PKB will be generated in one time. To protect the security
and trusted of transactions, each PMB must be signature
with vp set. As shown in algorithm 1: PBP can be divided into
three steps: firstly, PBP checks the ‘legality’ of transactions.
Second, PBP writes valid transactions into PMB, and sends to
the vp set. Thirdly, PBP writes valid PMB into PKB.
In general, if a vp receives a PMB, vp checks legality of
this PMB, and send this PMB to any vp with peer itself
signature. If majority of vp voted that the block is valid, all
vp keep this PMB into itself peer blockchain. The traditional
p2p broadcast mechanism will consume much more network
bandwidth. If each peer sends the PBM with signature one by
one or in order, sometimes the first peer will never receive the
voting result, if any peer breaks down will stop the process of
voting. So, this paper develops a new broadcast mechanism
EPA, which has lower communication costs. Our goal is to
reduce the communication costs from N N to K  N ,
where N represents the number of peers in ETTN
and 1  K  N . The key idea in EPA is to assign each identity to
a random group. First, we divides all vp into m groups g i .
Second, each peer generates the next sending list SendList by
randomly selecting one peer form each groups,
where SendList  { pi , pi  g i ,1  i  m} . Suppose the number of
peers in one group is N / m , the maximum of propagation

frequency is m  N  m2 . Because m  N  m2  2 N 2 , and m N ,
so m  N  m2  K  N . Moreover, if any vp finds majority of vp
voted PMB is invalid or valid, this vp returns this PMB to peer
who send this PBM at first and other vp . If the peer who sends
this PBM at first, receives enough PBM with signatures, this
peer will send a message to all vp to stop the voting process of
this PMB. So, EPA has better performance than traditional
mechanism.
In PBP, only if transactions were write into a PMB, anyone
can’t tamper the information in any ways. Because any PMB
must be agreed with majority of peers, this PMB can be valid.
Moreover, majority of vp must keep this PMB into their
blockchain. If one peer wants to tamper a exist transactions, it’s
impossible to tamper all information in other peers
simultaneously.
Algorithm 1: PBP
Input: All Transactions
Output: Peer Key Block
1. For each transaction T, whose status(T )  undecided
2.
Check legality of T and assigned invalid or valid
3.
If status(T )  invalid
4.
Remove T
5.
End If
6. End For
7. For each time epochs
8.
Select VTset that each T satisfy status(T )  valid
9.
If size(VTset)  1M
10.
Write VTset into a new PMB
11.
Else
12.
The size(VTset)==1M write into PMB
13.
The size(VTset)-1M write into anther PMB
14.
End If
15. End For
16. For each PMB
17.
If status( PMB)  undecided
18.
Send PMB to vp set
19.
Else if status( PMB)  invalid
20.
Delete the PMB
21.
Reassign each T to undecided
22.
Return to step 1
23.
Else if status( PMB)  valid
24.
Each T is in effect
25.
Write PMB into a new PKB
26.
End If
27. End For
B. E-commerce Consensus Algorithm
After each peer generate their PKB, it’s necessary to
construct a global blockchain (E-Blockchain) to keep all PKB
in ETTN. In ETTN, the E-Blockchain provides an index to all
peer blockchain, so that each peer can validate PMB received
from other peers. Figure 3 shows the architecture of block in EBlockchain. Each global block (EGB) contains a group of PKB,
the constructor and voter list.
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In E-commerce, if we adopts the proof-of-work mechanism
to generate EGB, it’s will consume much resources that don’t
need to waste. In other words, it will increase cost of Ecommerce platform. Furthermore, the proof-of-work
mechanism should be careful of the problem of crypto puzzle.
In Bitcoin, the problem of crypto puzzle, sets by this value, is
dynamically adjusted such that blocks are generated at an
average rate of one every ten minutes. More problem difficulty
lager, more time needed to generate a block. In E-commerce, to
support instant transactions, it’s necessary to use a
collaborative mechanism without sacrificing security, which
can reduce the consensus latency. So, EGB adopts a
collaborative mechanism as follows: before each EGB is
generated, all gp should collaboratively generate the hash
number. ECA uses the Shamir’s Secret Sharing Scheme (SSSS)
to generate the hash number. Each gp selects a random number,
by Shamir’s Secret Sharing Scheme dividing random number
into multiple part with other gp signatures, and broadcasts
every part of random number to all gp . After receiving all part
of any peer’s random number, each gp decodes the part as it
can and broadcasts those parts. Only each peer receives enough
unique part, such as K of N, this peer can get the initial random
number, and add all peer’s random number to a hash number.
Each peer generates a new EGB according to the hash number.
Hash value: <sha3 hash>
Timestamp: <block creation timestamp>
Constructor: <public key of the node creating the block >
Voter List: <list of federation nodes public keys>
signature : <ECDSA signature of vote block >
PKB List: <list of PKB >
Figure 3: Block Model in E-Blockchain.

As shown in Algorithm 2, BCA can be divided into three
steps: first, each gp gets the hash number, writes received
transactions into an EGB, and sends this EGB to vp set. Second,
all vp integrate received EGB into single one, and send this
EGB to sp set. Thirdly, all sp validate the “legality” of EGB,
and send EGB with votes list to remained peers.
The consensus latency of transaction depends on how busy
a peer is, network latency, and available computing power.
Nevertheless, we can still identify each step in the life of a
transaction, to determine the main sources of latency. We can
write the total latency as:
T total  tin  tint ernal  tout
(1)
Where tint ernal is the interval latency: the latency contributed
by ETTF. tin and tout depends on network bandwidth. Suppose
having a well situation network bandwidth, tin ~ 0 and tout ~ 0 ,
T total ~ t int erval . In ETTF, tint ernal depends on the time of PKB, not
EGB. According to our experiments, the time of PKB can be
small as peer can. It’s not important that PKB must validate the
legality of itself. All the groups can communicate internally in
parallel and transaction don’t propagate across the Trusted
Trading network.

Algorithm 2: ECA
1. For each time epochs
2.
For each gp
3.
Sort PKB by timestamp
4.
By using SSSS to get hash number
5.
Check the legality of hash number
6.
Generate a new EGB
7.
Send EGB to all vp
8.
End For
9.
For each vp
10.
Intergrade all EGB into a single EGB
11.
Signature and send to sp set
12.
End For
13.
For sp set
14.
Using EPA to get a complete EGB
15.
If status(EGB)  valid
16.
Send the complete EGB to remained peers
17.
Generate the next vp and gp set
18.
End If
19.
End For
20.
For vp set
21.
Generate the next sp set
22.
End For
23. End For
V. EXPERIMENTS
In this section, we evaluate ETTF with 1000-node
experiments on an emulated network. We implemented all
ETTF elements that are significant for a performance analysis
in the absence of an adversary.
We evaluate ETTF and compare it with Bitcoin in three
sets of experiments, varying the throughput of transaction,
block frequency and block size. ETTF qualitatively
outperforms Bitcoin, as it suffers no such deterioration, while
enjoying superior performance in almost all metrics across the
entire measured range.
A. Throughput of transaction
First, we run experiments targeted at improving the
throughput of transactions. Due to Bitcoin adopts the proof of
work consensus mechanism, the throughput of transactions is
so lower. In ETTF, it’s easy to get higher throughput without
sacrificing the security, by adopting collaborative mechanism.
We feed as many transactions as possible to the network and
run several Bitcoin blockchain of minutes. Figure 4 shows that
up to million transactions per millisecond in ETTN, rather than
a few transactions in Bitcoin network. For example, the TX
rate are 3 and 7 TXs per second at epoch times in Bitcoin, and
we observe a significantly higher TX in ETTF.
B. Block Frequency
Second, we run experiments targeted at improving the
consensus delay. For Bitcoin, we vary the frequency of block
generation by reducing the proof-of-work difficulty. But if we
do this, it’s difficult to guarantee a higher security of
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number of transactions in ETTN

transaction. For ETTF, we vary the frequency of micro block
generation. For each frequency, we choose the block size such
that the payload throughput is identical to that of Bitcoin’s
operational system.
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miner to learn of a new block is longer, and so the chance for
forks increases. But, in ETTF, it is not suitable that every peer
entity have the permission to generate key block. Every PMB
just contains a set of hash value of transactions. In ETTF, each
user just can commit one transaction in one time. And, the
content of every EGB just contains a set of hash value, and the
size of global block is very small, just a few KB as shown in
Figure 6.
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Figure 6: the EGB size.

In ETTF, every peer generates their PMB and PKB. When
each peer finishes to generate one PKB, the peer will send the
PKB with itself signature to all gp and vp . The gp generates
EGB by making use of proof-of-work mechanism. So, in each
peer, this is no inner consensus delay of the PMB, the
frequency of PKB as faster as peer entity can. General
speaking, in TTEN, all gp collaboratively generate each EGB,
and all vp integrate EGB by voting mechanism. In this situation,
after peer sends peer block, the peer can continue processing
itself business. We feed as many blocks as possible to the
network and run several Bitcoin blockchain of minutes. Figure
5 indicates that an EGB just need one minutes to construct
rather than ten minutes, while Bitcoin-derived blockchain need
ten minutes to generate a block.
C. Block Size
In our ETTF, for each block, such as PMB, PKB and EGB,
block size dynamic change over time. In Bitcoin, a larger block
may take long time to verify and propagate. Therefore,
although block frequency is constant, the time it takes for a

In the past years, the problems of lack of credibility have
been become urgent issues in E-commerce. Existing studies
focus on cryptography. With emergence of blockchain, it’s
possible to construct a higher credibility environment in Ecommerce. Although, Bitcoin-derived blockchains don’t have
better performance on other areas, such as E-commerce, due to
the inherent scalability barriers. To facilitate instant and
massive transactions in E-commerce without sacrificing
credibility, this paper develops a trusted trading framework in
E-commerce (ETTF). Based on an E-commerce blockchain
architecture for peers and a robust strong consensus algorithm,
ETTF can keep unlimited size of transaction data in one block,
support instant transactions, achieve higher throughput and
lower consensus delay, and have no forks in blockchain.
To be clear, ETTF shows that it is possible to improve the
scalability of blockchain protocols to the point where the
network diameter limits consensus latency and the individual
node processing power is the bottleneck of throughput. And
ECA combines the rotation mechanism and voting mechanism,
has better performance on E-commerce, which can construct a
completely decentralized autonomous system, achieve no
branches in blockchain, slow the communication costs in
Trusted Trading network and can construct a trusted, public Ecommerce.
In the future, we will do more work about the consensus
algorithm, the storage mechanism of transactions and blocks,
the no-sql retrieval mechanism of transactions, and a new
mechanism to guarantee the data consistent.
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Abstract—With the popularity of massive open online courses
(MOOCs), grading through crowdsourcing has become a
prevalent approach towards large scale classes. However, for
getting grades for complex tasks, which require specific skills and
efforts for grading, crowdsourcing encounters a restriction of
insufficient knowledge of the workers from the crowd. Due to
knowledge limitation of the crowd graders, grading based on
partial perspectives becomes a big challenge for evaluating
complex tasks through crowdsourcing. Especially for those tasks
which not only need specific knowledge for grading, but also
should be graded as a whole instead of being decomposed into
smaller and simpler sub-tasks. We propose a framework for
grading complex tasks via multiple views, which are different
grading perspectives defined by experts for the task, to provide
uniformity. Aggregation algorithm based on graders’ variances
are used to combine the grades for each view. We also detect bias
patterns of the graders, and de-bias them regarding each view of
the task. Bias pattern determines how the behavior is biased
among graders, which is detected by a statistical technique. The
proposed approach is analyzed on a synthetic data set. We show
that our model gives more accurate results compared to the
grading approaches without different views and de-biasing
algorithm.
Keywords—complex task; crowdsourcing; view; bias pattern; debias; Vancouver algorithm

I. INTRODUCTION
Grades and comments from instructors are very important to
evaluate the level of the students’ understanding and provide
guidance for future studying process. Traditional ways of
grading by instructors or teaching assistants are becoming a big
challenge for large classes such as massive open online classes
(MOOCs), which are distributed on platforms such as Udacity,
Coursera and EdX [1], and the grading processes are really time
consuming and tedious. As an example, there were around
100,000 students signed up for the online machine learning
course offered on the Coursera platform. To evaluate students’
work, a scalable way for grading is required for such large scale
classes. Due to the restriction of un-scalability of the traditional
way, grading through crowdsourcing has been developed as one
of the prevalent ways to solve the problem.
Since Amazon launched Mechanical Turk in 2005,
crowdsourcing has become a powerful mechanism for
completing large scale tasks which involve human intelligence
computing. The tasks in MTurk range from labeling images with
keywords to writing product descriptions. However, the types of
tasks accomplished through MTurk have typically been limited
to those that are low in complexity, independent, and require
little time and cognitive effort to complete [15]. In contrast to

the typical tasks posted on MTurk, there are many tasks that are
complex and need specialized skills to deal with in the real
world. Students’ essays or research papers are examples of
complex tasks which are different from traditional MTurk’s
tasks.
To explore the use of crowdsourcing in complex task grading
which is not decomposable into sub-tasks, consider for example
the usual experience of giving course evaluations. The
evaluations are given by students to reflect the success of the
teachers’ teaching skills for the whole semester. It actually is
also a task of grading. Usually, every student in one class is
asked to give course evaluation at the end of the semester. It
includes questions such as: did the instructor explain concepts
correctly; did the instructor provide clear constructive feedback;
was the course effectively organized, etc. After each question,
the evaluation scale is provided for the student to pick from. This
evaluation process of instructors’ success in teaching the course
is a grading task through crowdsourcing, where students are used
as a crowd. In order to give the evaluation for the course, it is
necessary to provide grades considering the full semester,
instead of decomposing the task into weekly or monthly based
evaluation. Another issue arises during the evaluating process is
that different students would grade based on their own
perspectives and experiences without any guidance information.
To ensure perspective uniformity, those instructive questions are
provided, which are also called views, for the students grade.
After getting grades for each view, an overall grade could be
obtained by aggregating the view grades. Derived from this idea,
we propose the approach of crowdsourcing grading process
through different views for complex tasks such as evaluating
programming projects or research papers.
The idea makes use of different views, which are diverse
grading perspectives worked as instructive information to
provide uniformity among graders. These different views are
specified by experts before distributing the tasks to the graders
for evaluation. We describe the graders used in the complex task
evaluation as experienced domain grader, which means they
have some knowledge about the domain of the assignment, but
at the same time are different from experts in the field.
Insufficient knowledge of the graders may lead to the existence
of bias in the grading process regarding each view. By detecting
the bias behavior of the graders, it is possible to de-bias them
statistically, and significantly improve the quality of the grading
process.
There are several concepts used in this work, and they are
defined as follows:
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Experts – Those who have enough knowledge and ability to have
best understanding of the complex task, e.g. instructors, who
specified and assigned the complex assignment for students, are
considered as experts.
Experienced domain grader – Those who have some knowledge
about the domain of the assignment, but at the same time are
different from experts that they are not as knowledgeable and
experienced in the field. For example, the students, who have
taken and successfully finished the course, could be counted as
an experienced domain grader for corresponding course
assignment.
Complex task – The task which cannot be simply decomposed
into smaller sub-tasks, but instead is able to define different
views for it. As an example, grading essays or computer science
projects can be viewed as a complex task.
Observed view grade – Observed view grade is the grade given
by for every view by each grader without any processing.
Consensus view grade – The grade we get for each view after
applying aggregating algorithms or some other processing
algorithms, which used to combine observed view grades from
different graders for the same submission.
Overall grade – The grade we get after combing all the view
grades according to the instructions of the expert. It is the grade
for every submission instead of each view.
True grade – The grade which could reflects the true quality of
the submission of the complex assignment. True grades are the
grades given by experts.
We present in this paper the framework for crowdsourcing a
grading process for complex tasks. Two main contributions of
our approach are: extending the Vancouver algorithm [2],
proposed by L. de Alfaro, and are applied for different views of
complex tasks defined by an expert. Applying de-biasing
process to discover biased graders, and the biases are removed
from the final grades.
The paper is organized as follows: Section II gives the
literature review of current methods used for grading by
crowdsourcing. Section III describes the proposed Vancouverbased method with de-biasing. Section IV shows our experiment
results. Section V presents comparison of the out-come of this
work with other methodologies.
II. PREVIOUS WORK
2.1 Literature Review
To relieve the grading burden of the experts in the traditional
way [20-22], especially with the popularity of open online
classes such as MOOCs, peer reviewing has been proposed as a
new way to address the grading tasks [1-2][23-25]. As stated in
[24], “students are trained to be competent reviewers and are
then given the responsibility of providing their classmates with
personalized feedback on expository writing assignments”. Most
of the peer evaluation systems proposed nowadays are similar to
this concept. In [1], three statistical models are developed for
estimating true grades in peer grading. The models put prior
distributions over latent variables such as true scores, grader’s
reliability and bias. Gibbs sampling [13] and expectation

maximization (EM) [6-12] is then used as approximate inference
approach to estimate the true score. A system called
CrowdGrader is developed in [2] to explore the use of peer
feedback in grading assignments. It introduced a Vancouver
algorithm (derived from [14]) which relies on a reputation
system to aggregate the peer reviewing grades. [23] applied
Bayesian data analysis to model a computer supported peer
review process in a legal class. In [24], a web-based peer review
program called Calibrated Peer Review (CPR) system is
introduced to improve student learning. Peer reviewing
experiments have shown promise, but it may also cause
problems. As what Richard Smith proposed in his paper, “the
practice of peer review is based on faith in its effects, rather on
facts” [3]. Suppose all the students in one class try to give good
grades to each other, then with the absence of the true grades
provided by the instructor or teaching assistant used for
comparison, the consensus grades would be the submissions’
grades. However, these grades actually cannot give correct
estimation of the true grades.
Many complex tasks, including complex grading tasks, are
difficult to be done by crowdsourcing through MTurk due to its
typical limitations. In [15] a framework was proposed to solve
the problem by breaking down the complex task into a sequence
of subtasks. Then subtasks are done through MTurk. This idea
inspired by MapReduce [16] systems consists of three steps:
partition, map and reduce. [17-19] presented the similar
approaches to address the problem encountered while
crowdsourcing the solutions to complex tasks. In [17],
crowdsourcing is used as a novel approach to grade the math
through Internet, by splitting the expert task to non-expert.
Divide-and-conquer algorithm, which depicts the ‘decompose,
solve and recompose’ structure, is proposed in [18] to solve
general problem via crowdsourcing. In [19], a system called
PlateMate is introduced to crowdsource nutritional analysis from
photographs via MTurk. Foods in each image are identified and
measured separately. Although crowdsourcing a complex task
by decomposing it into subtasks offers tradeoff between cost and
performance, the problem arises when the complex task is undecomposable. The framework is no longer available when the
complex task should be solved as a whole.
Mostly, bias is unavoidable when collecting the data from
crowdsourcing. Bias may be caused by personal preference,
systematic misleading, and lack of interest [26]. Many
researches have included biases analysis in crowdsourcing
models to improve the approximation accuracy [26-28]. In [26],
a Bayesian model, named as Bayesian Bias Mitigation for
Crowdsourcing (BBMC), is proposed to capture the sources of
bias. Authors in [27] introduced and evaluated probabilistic
models that can detect and correct task-dependent biases in
crowdsourcing automatically. In [1], statistical models have
been presented to infer the graders’ biases in peer reviewing
process.
2.2 Vancouver Algorithm
The Vancouver algorithm [2] measures each student’s
grading accuracy, by comparing the grades assigned by the
student with the grades given to the same submission by other
students in the crowd. It gives more weight to the input of
students with higher measured accuracy.
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(a) Positive Bias Pattern

(b) Negative Bias Pattern
Fig. 1 Bias Patterns

The Vancouver algorithm is based on the fact of variance
minimization principle. This principle said that we could weigh
the input provided by student i in proportion to 1/vi, where vi is
grader i’s variance. The algorithm proceeds in iterative fashion,
using consensus grades to estimate the grading variance of each
user, and using the information on user variance to compute
more precise consensus grades. The approach may be formalized
as: We denote by U the set of students, and by S the set of items
to be graded (the submissions). We let G = (T, E) be the graph
encoding the review relation, where T = S ∪ U and S ∩ U = ∅,
and where (i, j) ∈ E iff j reviewed i; for (i, j) ∈ E, we let gij be
the grade assigned by j to i. We denote by ∂t the 1-neighborhood
of a node t ∈ T.
The algorithm proceeds by updating estimates vj of the
variance of user j ∈ U, and estimates ci of the consensus grade
of item i ∈ S, and estimates vi of the variance with which ci is
known. To produce these estimates, the algorithm relies on
messages m = (l, x, v) consisting of a source l ∈ S ∪ U, of a value
x, and of a variance v. We denote by Mi, Mj the lists of messages
associated with item i ∈ T or user j ∈ U. Given a set M of
messages, we indicate by:
∑(𝑙,𝑥,𝑣)∈𝑀 𝑥/𝑣

𝐸(𝑀) = ∑

(1)

(𝑙,𝑥,𝑣)∈𝑀 1/𝑣

1

𝑣𝑎𝑟(𝑀) = (∑(𝑙,𝑥,𝑣)∈𝑀 )−1
𝑣

(2)

The best estimator 𝐸(M) we can obtain from M, and its variance
𝑣𝑎𝑟(M).
III. CROWDSOURCING THE GRADING PROCESS OF COMPLEX
TASKS THROUGH DIFFERENT VIEWS

The Vancouver algorithm is extended in order to aggregate
the observed view grades into consensus view grades. Section
3.1 describes the modified approach. Bias is analyzed for graders
regarding each view, for the complex task here. Section 3.2
depicts how the bias is evaluated through bias patterns, and the
way to de-bias the graders. Section 3.3 gives the details of the
crowdsourcing process.
3.1 Modified Vancouver Algorithm
After defining multiple views for the grading tasks, each
view will be considered as one separate aggregation task, and the

modified Vancouver algorithm is applied to iteratively estimate
the consensus grades for views. The extension of Vancouver
algorithm is still based on the same principle of Vancouver
algorithm, the main difference is that multiple views are taken
into account.
The details of the modified Vancouver approach can be seen
in Algorithm 1. S is the set of submissions need to be graded,
and U is the set of graders. 𝑀𝑖 , 𝑀𝑗 are the lists of messages
associated with submission 𝑖 and grader 𝑗. The set of views and
observed view grades are used as the input for the algorithm, as
well as the review graph. Instead of propagating only one
variance as in basic Vancouver algorithm, different variances are
considered for multiple views of each grader in the extended
approach. After getting consensus view grades, it is required to
combine the view grades into overall grade for each submission.
The combining methods depends on the instructions of the
experts: One way is just simply add the view grades up to get the
overall consensus grade for the submission. Another way could
be given the weights of each view of the assignment from the
expert, aggregating the view grades in proportion to their
weights. The extended Vancouver algorithm incorporates the
consensus view grades combining steps as in lines 40-45 in
Algorithm 1. Here, we assume each view is given a weight
associated to it, thus the consensus grade for each submission
can be obtained by adding up view grades times their weight.
3.2 De-biasing
Bias patterns may be identified by analyzing the graders’
fluctuation around true grade, for each view of the complex task.
Bias is then reduced from each view grade for the biased graders
with detected patterns.
The bias pattern is defined as: for all the submissions graded
by the grader g, if most of his/her grades for view v is
consistently higher (or lower) than the true grades of the view,
then we say the g has a bias pattern on v for the assignment.
There are two different types of bias pattern: a) most of the
grader’s scores of the view are higher than the true score, we call
this pattern as “positive bias pattern”, and b) graders’ scores are
lower than the true score, which we call “negative bias pattern”.
Figure 1 gives an example for each of these two bias patterns.
X-axis represents different submissions graded by the grade (for
one view) and y-axis is the score scale. For the specific grader,
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_______________________________________________________________
Algorithm 1 Modified Vancouver Algorithm
Input: A review graph G = ((S ∪ U), E) such that |∂t| > 1 for all t ∈ S ∪ U, along
with {gij[view]}(i,j)∈E, and number of iterations K > 0, views set V and v𝑖𝑒𝑤 ∈
𝑉.
Output: Estimates 𝑞̂𝑖 [𝑣] for i ∈ S.
1: {Initialization}
2: for all i ∈ S do
3: for all view ∈ V do
4:
Mi[𝑣𝑖𝑒𝑤] := {(j, 𝑔𝑖𝑗 [𝑣𝑖𝑒𝑤] , 1) | (i, j) ∈ E}.
5: end for
6: end for
7: for iteration k = 1, 2, . . . , K do
8: {Propagation from submissions}
9: for all j ∈ U do
10:
for all 𝑣𝑖𝑒𝑤 ∈ V do
11:
Mj[𝑣𝑖𝑒𝑤] := ∅
12:
end for
13: end for
14: for all i ∈ S do
15:
for all j ∈ ∂i do
16:
for all 𝑣𝑖𝑒𝑤 ∈ V do
17:
Let M−j[𝑣𝑖𝑒𝑤] = {(𝑗 , , 𝑥, 𝑣) ∈ Mi[𝑣𝑖𝑒𝑤] | 𝑗 , ≠ 𝑗} in
Mj[𝑣𝑖𝑒𝑤] := Mj[𝑣𝑖𝑒𝑤] ∪ (i, E(M−j[𝑣𝑖𝑒𝑤] ), var(M−j[𝑣𝑖𝑒𝑤] ))
18:
end for
19:
end for
20: {Propagation from graders}
21: for all i ∈ S do
22:
22:
for all 𝑣𝑖𝑒𝑤 ∈ V do
23:
Mi[𝑣𝑖𝑒𝑤] := ∅
24:
end for
25: end for
26: for all j ∈ U do
27:
for all i ∈ ∂j do
28:
for all 𝑣𝑖𝑒𝑤 ∈ V do
29:
Let M−i[𝑣𝑖𝑒𝑤] = {𝑖 , , (𝑥 − 𝑔𝑖 , 𝑗 )2 , 𝑣) | (𝑖 , , 𝑥, 𝑣) ∈ Mj, 𝑖 , ≠ 𝑖 }
in Mi := Mi ∪ (j, 𝑔𝑖𝑗 , E(M−j ))
30:
end for
31:
end for
32: end for
33: end for
34: {Final Aggregation}
35: for all i ∈ S do
36: for all 𝑣𝑖𝑒𝑤 ∈ V do
37:
𝑞̂𝑖 [𝑣𝑖𝑒𝑤] := E(Mi)
38: end for
39: end for
40: for all 𝑖 ∈ 𝑆 do
41:
𝑞̂𝑖 : = 0
42:
for all 𝑣𝑖𝑒𝑤 ∈ 𝑉 do
43:
𝑞̂𝑖 : = 𝑞̂𝑖 + 𝑞̂𝑖 [𝑣𝑖𝑒𝑤] × 𝑤𝑒𝑖𝑔ℎ𝑡[𝑣𝑖𝑒𝑤]
44:
end for
45: end for

his/her grades given by ‘+’ sign are consistently higher (or
lower) than true grades represented by small red circles.
We propose the approach to detect and measure bias pattern
as the percentage of values that lie within a width of two standard
deviations around the mean of the differences of the true grades
and observed grades. Below we present the detailed way how we
recognize the bias pattern.
Suppose there are n different submissions graded by grader
g, for each of the views of the assignment v. True grades are
given as T, where ti ∈T is the true grade of submission i for this
view. O is the set of observed grades from g, where oi ∈ O is the

grade given by g to ith submission for v. Denote diff(ti, oi) as the
difference for each pair of ti and oi. Calculate:
1

𝜇 = ∑𝑛𝑖=1 𝑑𝑖𝑓𝑓(𝑡𝑖 , 𝑜𝑖 )

(3)

𝑛

𝜎 2 = 𝐸((𝑂 − 𝜇)2 )

(4)

(𝜇 − 2𝜎, 𝜇 + 2𝜎)

(5)

Interval (5) represents the band around the mean of the
differences of the true grades and observed grades with a width
of two standard deviations. In statistics, we could make sure
approximately 95% difference values would fall into the range
as stated in (5). That means, if 𝜇 − 2𝜎 as calculated from
equation (3) and (4) is greater than 0, then we could say 95% of
the difference values (𝑑𝑖𝑓𝑓(𝑡𝑖 , 𝑜𝑖 )) are positive. In other words,
95% of the grader’s grades for view v are higher than the true
grades. We state that this grader has a positive bias pattern with
95% confidence for view v. Similarly, if the result of 𝜇 + 2𝜎 is
negative, we have 95% confidence that the grader has a negative
bias pattern for view v. Grades from the graders with negative
bias pattern or positive bias pattern are then de-biased to give a
better performance before applying aggregating algorithm.
The way to de-bias the observed view grades provided by the
biased graders varies on different occasions. The approaches for
de-biasing might be subtracting: a) min(𝑑𝑖𝑓𝑓(𝑡𝑖 , 𝑜𝑖 )); b)
max(𝑑𝑖𝑓𝑓(𝑡𝑖 , 𝑜𝑖 )); c) median of (𝑑𝑖𝑓𝑓(𝑡𝑖 , 𝑜𝑖 )) or d) average of
(𝑑𝑖𝑓𝑓(𝑡𝑖 , 𝑜𝑖 )) from the observed view grades. The best method
would be determined based on experimental heuristics.
3.3 Grading Complex Task through Crowdsourcing
This research develops a crowdsourcing methodology for
grading complex tasks which will result in consensus grades as
close as possible to expert grades. By defining different views
for the complex task by expert, the approach provides uniformity
among the graders crowd. The framework of the approach is
presented in Fig. 2 and explained as follows:
1) Define different views for the complex task: Different
views are first defined for the complex task by experts. As an
example, while grading a research paper, the instructor may
define views for the assignment such as a) comprehensiveness;
b) enough quotes; c) examples, and inferences; d) technical
strength; e) data sets selection and f) presentation, etc. It is also
required that an expert gives the scale for each view of the
assignment such as 0 to 5 for background information, 0 to 10
to technical strength, and 0 to 3 to data sets selection, etc.
2) Distribute the submissions to graders: each submission
should be reviewed and graded by several graders, and each
grader is able to review and grade several submissions. The
experienced domain graders are assumed in the proposed
approach. In addition, we assume that each grader must review
a minimum number of submissions to ensure that each
submission would have enough reviews. The problem may
occur in real world applications: if there are graders who do not
do their reviews, which will lead to insufficient number of
reviews for some submissions. An online algorithm is proposed
in [2] to solve the defect. The algorithm dynamically estimates
the probability that each review task will be completed, on the
basis of previous history, and assigns review tasks to achieve
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algorithm in step 4 is applied again on the de-biased data set to
get the consensus grades for each view of the submission.
6) Final overall grades for each submission: After applying
the aggregation algorithm, each view of every submission will
finally get its own consensus grade. The overall grade for each
submission is obtained through summation of the view grades.
IV. EXPERIMENTAL ANALYSIS
4.1 Data Set
The method is evaluated on synthetic data. In order to
compare the proposed approach with the methodology applied
in [2] called Vancouver, we used the same synthetic data set. 50
graders and 50 submissions were considered, where each grader
was reviewing 6 submissions. To give better understanding of
the process, we define 2 different views for the assignment. For
each view, we assumed: the true quality qi of each item i has
normal distribution with standard deviation 1. Each grader j had
a characteristic variance vj, and we let the grade qij assigned by j
to i be equal to qi + ∆ij , where qi is the true quality, and ∆ij has
normal distribution with mean 0 and variance vj . We assumed
that the variances {vj}j∈U of the graders were distributed
according to a Gamma distribution with scale 0.4, and shape
factors k = 2, 3.
4.2 Models
Three different models are analyzed, and they are denoted
as: AVG, DM1 and DM2.
Fig. 2 Framework of Grading Complex Task through Crowdsourcing (Assuming
two graders are employed, and two views are defined for the task. Sub 1, Sub2
represent Submission1 and Submission 2. V1, V2 represent View1 and View2.
g11a is observed grade for view1, submission1 with grader a; g’11a is the de-biased
grade for view1, submission1 from grader a; ĝ11 is consensus grade for view1,
submission1; ĝ1 is the overall grade for submission 1. De-biasing process is done
based on the view grades collected from each grader. Ga and Gb represent Grader
a and Grader b.)

uniform coverage.
3) Collect grades for all submissions: After reviewing each
submission, graders need to evaluate and give grades for each
view of the submission.
4) Aggregate the grades: The modified Vancouver algorithm
which implements a reputation system, which consists of
graders’ variance and biases, for students is used in this research
to aggregate the grades for each view from step 3. This algorithm
ensures that higher accuracy leads to higher reputation, and
therefore to higher influence on the consensus grades [2].
Each view is considered as one separate aggregation task, and
the Vancouver algorithm is applied to iteratively estimate the
consensus grade for these views.
5) De-bias each graders’ grade for different views: Bias
patterns are first identified for each view of every grader using
the approach presented in section 3.1. True grades provided by
experts are used to compare with the grades given by the
graders. The bias patterns are detected from comparisons. Bias
is reduced from the view grades afterwards by subtracting
min(diff(ti, oi)) from the observed grades for a given biased
grader. After de-biasing the view grades, the aggregation

AVG model represents the average model. It just simply
averages the grades for each submission received to get the
consensus grade. It acts as a baseline model.
DM1 is the model with different views defined by an expert,
but without the step of bias pattern recognition. Thus, there is no
de-biasing applied for the observed grades. DM1 is basically
Vancouver method in [2], but with extension to different views.
DM2 model uses both different views of assignments and
de-biasing the graders. Different views are defined for the
complex assignment before getting the grades from graders.
After getting the observed grades, bias patterns are recognized,
de-biasing is applied, and finally overall consensus grades are
obtained.
4.3 Evaluation Metrics
Our goal is to get consensus grades as close as possible to the
true grades given by an expert. As a result, coefficient
correlation (ρ), standard deviation (𝜎), and root mean square
error (RMSE) are calculated between true grades and consensus
grades as the evaluation metrics. The metrics are calculated as
follows:
𝜌𝑌,𝑌̂ =

𝐶𝑂𝑉(𝑌,𝑌̂ )

(6)

𝜎𝑌 𝜎𝑌
̂

𝐶𝑂𝑉(𝑌, 𝑌̂) = 𝐸((𝑌 − 𝜇𝑌 )(𝑌̂ − 𝜇𝑌̂ ))

(7)

where 𝜌𝑌,𝑌̂ is the coefficient correlation of random variables
𝑌(true grades) and 𝑌̂ (consensus grades), 𝜎𝑌 , 𝜎𝑌̂ are the standard
deviation of 𝑌 and 𝑌̂, 𝜇𝑌 , 𝜇𝑌̂ are the mean of 𝑌 and 𝑌̂, 𝐶𝑂𝑉(𝑌, 𝑌̂)
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Fig. 3 Standard Deviation, Coefficient Correlation and RMSE for view1 of Synthetic Data for All Three Models for 20 Runs (k=2)

Fig. 4 Standard Deviation, Coefficient Correlation and RMSE for view1 of Synthetic Data for DM1 and DM2 for 20 Runs (k=2)

is the covariance of 𝑌 and 𝑌̂.
𝑅𝑀𝑆𝐸 = √

∑𝑛
̂𝑡 −𝑦)2
𝑡=1(𝑦
𝑛

(8)

where 𝑦̂𝑡 is the estimated value for true grade and 𝑦 is the true
value.
4.4 Experimental Results
The synthetic data is simulated through 100 runs and the
coefficient correlation, standard deviation and RMSE are then
reported as the average over these 100 runs. Figure 3 shows the
evaluation metrics calculated for the view1 of first 20 simulation
runs, with shape factor k = 2 of the Gamma distribution, for the
three models. To present the difference between DM1 and DM2,
we show a more detailed figure in Fig. 4. The result of view2 is
quite similar to view1. The results are summarized in Table 1.
Specifically, the overall outcome is calculated from aggregation
the 100 runs instead of averaging the results from the final
views’ outcome.
In order to better understand the influence of the bias patterns
to the results, we run the following experiment: Increasing the
percentage of biased graders (graders who have bias patterns)
for each of the view. We increase the number of biased graders
for view 1 from 9 to 24, and view 2 from 12 to 28. DM1 and
DM2 model are applied to get the consensus grades. We then
calculate the metrics for evaluation. Table 2 shows the results.
4.5 Detailed Experimental Results Analysis and Discussion
As the results show in Table 1, all three metrics we selected
are improved for each view after applying DM1 compared to
baseline – AVG model. Thus, the overall results of DM1 model
improved 20.3% in contrast to AVG model for correlation when
k=2. After de-biasing, which means applying DM2, there is
further improvement. As an example, if standards deviation has
70% improvement comparing DM1 with AVG, and 10%
improvement comparing DM2 with DM1, then 87%
improvement is given comparing DM2 with AVG model. In

conclusion, DM2 model gave the best performance for all three
evaluation metrics comparing with AVG baseline model and
DM1.
Figure 5 and 6 present the percentage of improvement of the
results comparing the three different models, which is calculated
from Table 1. Figure 5(a) and 6(a) show the enhancement
obtained for all three metrics from comparing DM1 model with
baseline AVG model, for shape factor equals to 2 and 3
respectively. Figure 5(b) and 6(b) give percentage of
improvement of the accuracy after comparing DM2 with DM1
(for k = 2, 3). It could be seen clearly in figure 5(a) and 6(a) that,
no matter for each view or overall grades, significant
improvement can be obtained by applying DM1 in contrast with
AVG model. However, further improvement on the accuracy is
able to achieve by using DM2 comparing with DM1. Thus, DM2
gives the best performance.
By defining different views and taking into account graders’
bias pattern for each view, we could provide significant gains in
accuracy. To prove the importance of de-biasing the graders, we
increase the number of biased graders per view in our data set.
Table 2 shows the results of three selected metrics results and
percentage of improvement comparing DM2 (with de-biasing)
with DM1 (without de-biasing). As results presented, the more
biased graders, the better improvement we could get by using
the DM2 model. The reason is that more graders with a bias
pattern means less of them make random error, and as a result,
more accurate grades could be obtained after de-biasing the
graders.
We compared our method with the Vancouver algorithm in
[2] (Alfaro and Shavlovsky, 2014). The Vancouver algorithm is
essentially DM1 model, except for that no different views are
defined. Thus, the overall results in Table 1 is the approximation
of the outcome of Vancouver algorithm. The improvement of
metrics of overall grades in Figure 5(b) and 6(b) presents the
enhancement on accuracy comparing DM2 model with
Vancouver algorithm. Our results show that DM2 yields the
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Fig. 5(a) Improvement of Results Comparing DM1 with AVG Model (k=2)

Fig. 5(b) Improvement of Results Comparing DM2 with DM1 Model (k=2)
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Fig. 6(a) Improvement of Results Comparing DM1 with AVG Model (k=3)
Table 1 Results for all the models
ρ

AVG
DM1
DM2

Overall

RMSE

k=3

k=2

k=3

k=2

k=3

View1

0.812

0.619

0.690

1.255

0.697

1.269

View2

0.831

0.629

0.675

1.226

0.683

1.238

View1

0.977

0.913

0.201

0.425

0.207

0.431

View2

0.979

0.912

0.198

0.431

0.204

0.438

View1

0.982

0.920

0.173

0.413

0.179

0.410

View2

0.985

0.918

0.167

0.418

0.173

0.426

AVG

0.807

0.619

0.986

1.801

0.997

1.820

DM1

0.976

0.911

0.293

0.612

0.301

0.622

DM2

0.982

0.916

0.250

0.594

0.266

0.605

Table 2 Results for DM1 and DM2 after increasing the bias percentage
View1

ρ

σ

RMSE

View2

RMSE(%)
Overall

Fig. 6(b) Improvement of Results Comparing DM2 with DM1 Model (k=3)

better results.

σ

k=2

Num. of biased graders

σ(%)

View2

9

24

12

28

DM1

0.984

0.968

0.977

0.971

DM2

0.988

0.99

0.982

0.995

Impr.(%)

0.40%

2.27%

0.30%

2.47%

DM1

0.177

0.223

0.225

0.246

DM2

0.149

0.137

0.193

0.0997

Impr.(%)

15.82%

38.57%

14.22%

59.47%

DM1

0.179

0.438

0.225

0.451

DM2

0.153

0.154

0.197

0.1

Impr.(%)

14.53%

64.84%

12.44%

77.83%

In research [1], by developing the algorithm for estimating
the true grades through statistical models, the authors were able
to reduce the RMSE error on their prediction of ground truth by
31% to 33% comparing to baseline model. However, our
experimental results show that we are able to reduce RMSE by
67% from 1.820 to 0.605 on overall grades by applying the
proposed framework.
V. CONCLUSIONS AND FUTURE WORKS
In this paper, we presented a novel framework for grading
un-decomposable, complex tasks through crowdsourcing. The
key innovations include: 1) Extending the Vancouver algorithm
to multiple views. 2) De-bias the graders for each view of the
task. By defining multiple views for the complex task,
uniformity is ensured among the graders. Bias pattern is then
detected for each view of the grader, and then we de-bias them
in order to improve the grading accuracy. Experimental results
indicate that our model DM2 outperform the baseline AVG
model and DM1 which doesn’t include de-bias process.
To further justify and improve the proposed model, real
world complex problems will be formulated, collected, and
graded by experienced domain graders. Grading tasks in this
work is performed in batch mode. However, a time domain
model might reveal the relevance and influences between
previous and future grading processes. For example, graders’
bias pattern might be reused if some of the graders are persistent
for different grading tasks. In addition, the expert background of
the graders could also be taken into account while weighting the
observed grades for consensus grades. For instance, while
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incorporating computer science students as graders for grading
Java programming assignments, graders who have experience
on Java coding are probably more reliable than those who do not.
Finally, instead of randomly choosing graders for tasks in this
work, we plan to come up with algorithms to take into account
the selection of graders with higher accuracy and reliability, as
well as optimization of the number of graders for specific
complex tasks.
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Abstract—Rehabilitation exergames aim to help the elderly
recover from their deteriorated capabilities due to aging. Research suggests that exergames may effectively engage the elderly
in physical activities. However, new technologies and devices
normally used to develop the exergames may be over complex
and difficult for the elderly to use, mainly because the hardware
and software components involved in modern exergames appear
unfamiliar or even alien to the elderly mentally. Moreover,
the elderly consider the investment to acquire the unfamiliar
technology is too high. Therefore, the study of familiarity issues
of the elderly is important and necessary to guide the interaction
design of new technologies so that they can be built upon the
elderly’s prior knowledge of real world interactions to help the
elderly to apply their existing skills to a new domain. In this
paper, we propose three dimensions of familiarity design and
the approach to design familiar exergames for the elderly. By
following this approach, we hope to increase the usability of
the exergames that the elderly can naturally interact with. For
case study, we introduce the design principles followed when
implementing the Virtual Escape Exergame to illustrate the
usage of our proposed familiarity design approach to develop
an exergame in a familiar virtual environment for the elderly.

I. I NTRODUCTION
The number of older persons has increased substantially in
recent years in most countries and regions. The growth of
the aging population is projected to accelerate in the coming
decades [1]. Senior citizens will encounter various health
related issues as they age, which will cause the reduction in
their motor and cognitive capabilities.
Rehabilitation exercises aim to help the elderly to recover
from their deteriorated capabilities and to become as independent as possible to alleviate both the societal and individual home’s burden [2]. In order to recover efficiently and
effectively, the elderly are advised to frequently take exercises
according to their conditions. However, the incentive for the
elderly to take exercises by themselves is often not enough.
Traditional rehabilitation treatments are usually administrated
on the one-to-one basis, which makes the treatments difficult
to operate due to the high cost and the dependency on human
resources. In addition, it is time consuming for elderly to travel
to the clinics and they often feel isolated and bored during the
traditional rehabilitation exercises [3]. As a consequence, the
adherence rate to traditional rehabilitation exercises is relatively low. A study [4] reports that only 31% elderly complete
the prescribed exercises, which reduce the effectiveness of
traditional treatments.
Literature has shown that the advances in technology can
make the rehabilitation treatment more efficient and effective

[5]. New technologies such as video games, augmented reality,
and virtual reality can decrease the monotony of repeated
exercises and provide instant feedback of elderly’s motions,
which is beneficial to both the quantity and quality of the rehabilitation [6]. Video games with motion detection devices, such
as Microsoft Kinect, can stimulate the elderly to take exercises
by the attractive interfaces and interesting tasks. Hence, elderly
can complete the exercises in the game environment with
enjoyment. Exergames are beneficial to senior citizens and
protect them from illness by providing appropriate exercises.
In addition, elderly can play the rehabilitation exergames
at home and other places, such as community centres, at
their convenient time. Family and community members can
play together with the elderly to enhance their relationship
between each other. However, the rehabilitation exergames
design seldom considers the incentives for the elderly to
play the exergames. It is not easy to motivate the elderly to
voluntarily play the exergames unless the games are attractive
enough. One of the key reasons that why exergames are not
popular in the aging population is the lack of engagement [7].
New technology, such as exergames, is normally perceived
as unfamiliar by elderly with the feeling of anxiety or even
hostility [7]. Moreover, despite the elderly may be willing to
learn how to interact with the computer, they often find the
investment of personal resources is too high.
In this paper, we delineate our approach on applying the
theory of familiarity on rehabilitation exergames design to
engage the elderly in playing the exergames. According to
the cognitive psychologists’ theory [8], familiarity is “the
relationship between an individual and something that individual has had considerable experience with. The experience
is sufficient to advance to the development of an internal model
of that something.” The feeling of familiarity is derived from
an individual’s prior experience that stored in one’s memory.
Repetition and frequency are the critical antecedents to feel
familiar with something [9]. The increase of familiarity will
lead to the strengthening of connections among less connected
features. The elderly may feel more comfortable and willing
to improve their social and functional capabilities when they
encounter familiar environments such as objects, places, and
sounds [8]. However, current technical products for the elderly
are either specially targeted to the deficiencies of the elderly
or derived from the general products to meet the particular
needs of the elderly, which both fail in terms of familiarity
[7]. Currently, the cohort of the elderly have little exposure
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to the new technologies such as computers compared to
the younger generation [10]. Most of the designed software
and hardware fail to consider the cultural background and
experiences of the elderly, which leads to the unfamiliarity
relationship between the technologies and the elderly. Our
research aims to guide the development of exergames for
the elderly with familiar interfaces and interactions that the
elderly may have encountered in their real life. As such, we
can motivate the elderly’s engagement in exergames.
The rest of this paper is organized as follows. We review the
related work on exergame design for the elderly and theories
on the familiarity in Section II. We present the framework of
familiarity design and the methodology to design familiar exergames in Section III. We show our Virtual Escape Exergame
as a typical example of familiarity design in Section IV. In the
end, we conclude this paper in Section V.
II. R ELATED W ORK
In recent years, technology advances in virtual reality, augmented reality, and motion detection lead to the emerging of
exergames for the purpose of rehabilitation. These exergames
aim to help the elderly take exercises in a relaxing and entertaining atmosphere without the feeling of monotony and isolated in traditional exercises. We review some well established
exergames in Section II-A. Moreover, in Section II-B, we
review some research on familiarity that have been conducted
to increase the engagement of the elderly to new technologies,
which show the effectiveness of familiarity in motivating the
elderly.
A. Exergames for Elderly
Elderly may suffer from various impairments as they age,
particularly the reduction of the motor and cognitive capabilities. Research shows that repetitive exercises can provide a
sufficient amount of stimuli to remodel the elderly’s brain and
hence regain a better control on one’s motor capability [11].
Other studies on exergames indicate that technologies, such as
video games, can enhance the elderly’s motivation of repetitive
exercises and help them to recover from the decreased motor
and cognitive capability more efficiently [5], [12]. Compared
with the traditional rehabilitation exercises, programmable
systems, such as exergames, can provide attractive graphical
virtual environments, which can be designed in varying ways
to encourage the users to become more engaged, immersed,
and motivated in the rehabilitation exercises [13].
Exergames are usually implemented on the wirelessly controllable platforms, such as Nintendo Wiimote and Microsoft
Kinect. Study shows that Wiimote is more acceptable by the
elderly people compared with other types of game controllers
[14]. Kinect is also popular due to its non-intrusive and
controller-free features. These wireless devices can reduce
human intervention and enhance the motion of the elderly
in an unrestricted environment. As such, they offer a sense
of self-determination, provide a feeling of independence, and
improve the quality of elderly’s life [15].

Because exergames are relatively new for majority of the
elderly, some studies in the literature focus on enhancing
the incentives for the elderly to play the exergames. In
terms of exergames design, Rizzo and Kim emphasized the
visibility, feedback, and identification of the target users as
three important human factors [5]. Balaam et al. indicated that
entertainment-oriented exergames are effective to motivate the
elderly to play the exergames [16]. Similarly, Alankus et al.
proposed that motion-based games, which combine motiondetection with fun in the exergames, can stimulate people to
exercise with the games voluntarily [6]. Burke et al. identified
that meaningful play and challenge are the two principles of
game design that have particular relevance to motivate the
elderly. Moreover, they pointed out that positive feedback,
such as high numerical scores, can be the gratifying incentives
to encourage the elderly to continue the exergames and reach a
particular goal [17]. On the other hand, the negative feedback,
such as failure signs, should be used discretely in case of
discouragement to the elderly [17].
Besides the impairment in motor capability, the elderly may
also suffer from memory loss and other mental problems,
which can substantially affect their capability to interact with
the real world [18]. In order to exercise both the elderly’s
physical and mental capabilities, various exergames should
incorporate physical exercises together with cognitive challenges. For example, the SilverBalance exergame designed
by Gerling et al. aims to recover the both elderly’s bodily
and cognitive impairments [19]. The game’s sensitivity can
also be adjusted according to the degree of reduction on an
individual’s visual and cognitive capabilities.
From prior research on exergames, we can identify that
exergame is more acceptable to the elderly in the home environment, which can help them recover from the deteriorated
capabilities in a relaxed and enjoyable atmosphere. In order
to benefit more number of elderly, we need to improve the
motivation for them to play exergames.
B. Literature on Familiarity
Tognazzini suggested that the operation of an interactive
system is best achieved by means of a metaphor or analogy,
which indicates the importance of familiarity [20]. Being
familiar with a system means we are ready to operate it in an
appropriate way based on our prior experiences [21]. Sufficient
experiences may lead to the development of an internal model,
or stereotype, about how one expects something to work [8].
Demirbilek and Demirkan [22] studied the impact of the
environment on aging factors of the elderly. They found
the elderly prefer to live in their familiar environments in
the “getting older” phase of their life, which is a prime
important aspect to design their homes. For elderly, familiarity
can increase the safety, usability, and attractiveness of the
environment. Barry [23] also encouraged the incorporation of
familiarity into the home design to bring positive changes.
He suggested that home design should preserve the character
attributes of each specific elder individual. Boger et al. [24]
assessed the impact of familiarity on the use of different
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faucet designs by elderly with dementia symptoms. The results
showed that familiarity plays a substantial role in faucet
usability (effectiveness, efficiency, and satisfaction) for the
elderly. Boger et al. indicated that these trends may well be
applicable to other products and activities.
Besides the home environment, the theory of familiarity
can be also applied in interactions between new technologies
and the elderly. Leonardi et al. [7] designed the acceptable
domestic technologies for elderly based on the concept of
familiarity. They found the interface functioning depended on
a variety of secondary elements, such as menus and dialog
boxes, which are technical components that the elderly are
not familiar with. Therefore, Leonardi et al. designed the
interaction modality based on few rules of interaction and
natural gestures, such as replacing the “erase” command with
scrubbing the finger. Hollinworth and Hwang [10] designed
the tmail application with familiar visual objects (e.g., email
messages shown in the inbox resemble paper envelopes) and
behaviors (e.g., messages and images can be moved by touching and sliding). All the elder participants found the visual
objects in this familiar interface easy to understand and they
can quickly master how to use tmail. The experimental results
indicated that familiar interfaces can help in orientating the
elder users with an application.
Prior research showed the effectiveness of familiarity in
helping the elderly to understand and interact with the new
technology, which encourages us to adopt the familiarity considerations in exergame design. Based on the literature review,
we can identify that familiarity can increase the effectiveness,
efficiency, and satisfaction when elderly interact with new
technologies.
III. M ETHODOLOGY OF FAMILIARITY D ESIGN IN
E XERGAMES FOR E LDERLY
Familiarity design in exergames can help the elderly to
interact with the system naturally and increase the usability
of the games. In this section, we propose the methodology of
familiarity design in exergames for the elderly.
A. Framework of Familiarity Design
Familiarity helps in encouraging the elderly to learn and
understand how to interact with the new technology by using
their existing knowledge learned in their everyday life. This
means not only the interfaces of the systems should appear
familiar, but also the style of interactions in the whole system
should fit the elderly’s past experiences and capabilities.
Moreover, good familiarity design can evoke the elderly’s
memories and corresponding emotions [25]. For instance, in
the interface design of a system, the familiar objects and scenes
that the elderly already experienced before may activate their
corresponding memories and similar emotions as before.
Based on the literature review of familiarity design on the
adoption of new technologies for the elderly (see Section II),
we propose the framework of familiarity design for new
technologies, which consists of the following three dimensions
[26]:

Meaningful Design
· Cultural Familiarity
· Symbolic Familiarity · Actionable Familiarity

Representation

Manipulation

· Symbolic Familiarity
· Cultural Familiarity

· Actionable Familiarity
· Cultural Familiarity

Fig. 1. Illustration on the three aspects of familiar exergames design.

1) Symbolic Familiarity: Objects, scenes, and activities,
which frequently appear in elderly’s daily life, should be
infused into the system.
2) Cultural Familiarity: Traditions, patterns, concepts, and
rituals, which exist in the elderly’s culture, should be
infused into the system.
3) Actionable Familiarity: Actions to interact with the system should be consistent with the actions used when
interacting with the real world.
The identified three dimensions can help us design familiar
interfaces and styles of interactions in all systems for the
elderly. During a holistic system design, each part of the
familiarity design can be categorized into one of the three
dimensions. Moreover, each dimension can play a different
role in improving the usability of the system for the elderly.
Depending on the degree of the fidelity of simulating the three
dimensions of familiarity to the real world, any system can be
evaluated by whether they are familiar enough to the elderly.
B. Design Familiar Exergames
Based on the aforementioned three dimensions of familiarity
design, we propose our specific approach on familiar exergame
design. Other than the metaphorical and analogical connection of the exergames to the real world, familiarity design
also requires the exergames share the same background of
concepts, meanings, and practices with the elderly. Therefore,
we indicate three specific aspects, namely representation,
manipulation, and meaningful design, which lead to good
familiarity design in exergames. The relationship among the
three aspects and the major familiarity dimensions of these
aspects are shown in Fig. 1.
1) Representation: Using the representation as similar as
possible to the real world in exergames is an effective method
to help the elderly understand the games. Representation provides the elderly the tools to interpret the system. Typical representations include the familiar environments such as objects,
pictures, music, etc., which can help the elderly maximize
their functional capability. Thus, symbolic familiarity is the
most appropriate dimension to achieve familiar representation.
Meanwhile, some concepts of cultural familiarity can also
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be used in the representation for the elderly with the same
cultural background. On the other hand, representation does
not necessarily mean duplicating the objects in real life to the
exergames. Rather, we need to take advantage of the novelty
in the digital world and at the same time, follow elderly’s reallife knowledge and experiences during representation design.
2) Manipulation: Manipulation indicates how the elderly
manipulate the objects in exergames. One of the advantages
in exergames is that the elderly can act in the same manner
as they do in real world rather than point and click using
various computer accessories. However, the physical motions
required in exergames should be consistent with motor patterns
the elderly use in real world. For example, wrist rotation can
open the door handle in the virtual environment, which shares
the same cognitive model learned in real world. Therefore,
actionable familiarity should be considered in the manipulation
design. Each manipulation design should refer to the real life
elements. However, even if the representation is familiar to
the elderly, the interactions and manipulation in exergames
may not be familiar to them. In particular, exergame designers
should pay more attention when there is no logical relationship
between the motions and the outcomes in exergames.
3) Meaningful Design: Familiar exergame design requires
not only the imitation of real world, but also the stimulation
of the elderly’s memories and emotions. For instance, the
interfaces with specific concepts and meanings may activate elderly’s memories and practices experienced before and
invoke their past emotions. With the sense of anticipation
during exergame playing, guided by the past experiences, the
elderly will find the interactions recognizable and enjoyable.
Therefore, meaningful design means to select the contexts and
domains in exergames which are not only objectively and socially suitable, but also related to the elderly’s past experiences
and emotions. Meaningful design requires to take all the three
dimensions of familiarity into account. However, we should
pay more attention to the cultural familiarity because the same
design may have different meaning for elderly from different
cultures. Meanwhile, due to the diverse personal experiences
of each individual, meaningful design may vary from person to
person. Thus, the personalization of meaningful design should
also be taken into consideration.
Kaplan and Kaplan [8] indicated that familiarity could
promote the cognitive processes of the elderly and increase
their confidence in interacting with new technologies. The
elderly will perform better and guide their own behaviors
when they face familiar objects and environments. Hence,
by applying the aforementioned three aspects of familiarity
design in exergames, the elderly may not need to learn new
technological language or adapt to unfamiliar environments.
Alternatively, they can utilize their prior experiences, which
are learned from non-technical areas, to complete the basic
exercise tasks embedded in the exergames. Another advantage
of our proposed approach is that the elderly can take less cognitive effort to accomplish the exercise requirements, which
is more practicable for the elderly with cognitive difficulties.
With all these advantages, we aim to follow this approach to

Fig. 2. A camera view of the virtual home in the Virtual Escape Exergame.

design the exergames that elderly can immediately understand
and enjoy.
IV. V IRTUAL E SCAPE E XERGAME
The Joint NTU-UBC Research Centre of Excellence in
Active Living for the Elderly (LILY), Nanyang Technological
University, Singapore, is one of the world’s first research centres focusing on interactive digital media empowered ageless
aging. LILY has initiated a number of interactive exergames
for the elderly using Kinect as the non-intrusive motion detection device. We follow the approach of familiarity exergame
design presented in Section III when we developed the Virtual
Escape Exergame (VEE) to help the elderly exercise their
motor and cognitive capabilities.
Conventional escape game requires players to escape from
imprisonment by exploring and exploiting the surrounding
environment. Due to the involvement of puzzles, players
need to solve the problem with repetitive attempts in most
cases while exercising their cognitive and physical capabilities,
which makes the escape game suitable and effective for the
elderly’s exercises. VEE promotes various types of interactions
between the elderly and the virtual confined environment (a
living room, see Fig. 2). Another advantage of VEE is its
high flexibility, which enables the elderly to perform various
actions, such as pulling out drawers, pressing buttons, turning
knobs, etc. This kind of extendable game flexibility makes
VEE more challenging and less boring. To solve the ingame puzzles, the elderly need to interact with various objects
in the living room with body movements in front of the
Kinect cameras. Therefore, VEE exercises not only the body
movements of the elderly but also their critical thinking skills.
Table I lists some selected familiarity designs implemented
in VEE and their related dimensions. The rest of this section
introduces each aspect of these familiarity designs in detail.
A. Representation Familiarity in VEE
In VEE, we develop a familiar virtual environment for the
elderly to achieve representation familiarity. The escape room
is designed as a typical living room (see Fig. 2) that the elderly
encounter every day. The furnishings and objects in the virtual
room are displayed as similar as possible to the real world.
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TABLE I
FAMILIARITY D ESIGN IN VEE
Representation

Manipulation
Meaningful
Design

1)
2)
3)
1)
2)
3)
1)
2)

Furniture design (Symbolic & Cultural Familiarity)
View outside the windows (Symbolic Familiarity)
Room layout (Symbolic Familiarity)
Selecting chests in the TV (Actionable Familiarity)
Wiping the desk (Actionable Familiarity)
Pulling the drawers (Actionable Familiarity)
Background music: Xinyao (Cultural Familiarity)
Encouragement characters (Symbolic Familiarity)

Hence, there will be no overwhelmed feeling when the elderly
first play this exergame. Due to the familiarity with the virtual
environment, the elderly may find it is easy to know where
the various objects placed when working on a given task.
Other than the familiar representation of the integral virtual
room design, we also pay attention to the familiarity design
of each specific object in the room, especially those objects
that the elderly need to interact with. With the guidance of
symbolic and cultural familiarity, we figure out how to achieve
the representation familiarity. For example, in stead of modern
furniture, we implement the old fashion furniture in the virtual
room. The elderly are familiar with these old fashion furniture
and easy to know how to interact with them. Moreover, some
parts of the virtual room, such as the decorative painting on
the wall and the view outside the windows, are not design to
be interacted with. However, we still use familiar pictures and
scenes to decorate the environment in order to increase the
elderly’s home-like feel of the exergame.
B. Manipulation Familiarity in VEE
In exergame design, task design is the most important
part regarding exercises for elderly. Manipulation familiarity
should be embedded in the tasks of all exergames. In terms
of VEE, it requires the elderly to proceed with a series of
movements in the correct order to unlock the puzzles, which
is more difficult than the common exergames because players
may need to repeat similar movements. With the requirement
of sequential tasks, VEE may appear difficult for the elderly.
Therefore, familiar manipulation is essential in VEE to help
the elderly to quickly understand and complete the tasks.
In order to incorporate the actionable familiarity into the
manipulation design, the tasks we designed in VEE mainly
come from the elderly’s daily life scenarios, which can encourage the elderly to transfer their daily life knowledge into
the virtual environment. For example, when the elder player
has to find the information from the television in the game
(see Fig. 3), they just need to follow the steps of watching
television in their home: Open the television and then change
channels to find the correct chest. The difference lies in that
they may not have a remote controller. All they need is to
use their arms to complete the tasks in front of the Kinect
cameras, which is beneficial to their physical exercises. In
order to design more familiar tasks for the elderly, we also
transform some simple daily housework into the VEE tasks.
Because the elderly are familiar with these housework, they
should be able to quickly understand the tasks based on their

Fig. 3. An example of task design in Virtual Escape Exergame.

Fig. 4. Wiping task in Virtual Escape Exergame.

experiences. For example, we design a table coated in dust (see
Fig. 4), where the required information to complete certain
tasks is hidden beneath. The elderly can wipe the table as
they normally do at home to obtain the information.
With the manipulation familiarity design, we hope the
elderly would find it easy to act appropriately in order to
complete tasks, which would improve their confidence in
continuing to play VEE. Hence, manipulation familiarity can
increase the adherence of exergame playing among the elderly.
C. Meaningful Design in VEE
Altman and Werner indicated that environment can serve as
a cue to remind people to connect present and past, and to link
experience and memory [27]. Their findings bring us the idea
that familiarity may not mean to display ordinary objects, but
to present meaningful artifacts and environments to the elderly.
Meaningful design requires the exergame designers to investigate the commonly shared past experiences and cultures
of a particular region where the exergame will be deployed.
The appropriate exergame design for one region may not be
meaningful for the elderly from another region. Therefore,
after investigating the past experiences of the elderly in
Singapore, we find the Singaporean pop songs (Xinyao, URL:
https://en.wikipedia.org/wiki/Xinyao) back in the 80s are the
commonly shared memory of Singapore’s elder generation.
Majority of the elderly are fond of Xinyao after experiencing
the charm of it. Thus, we select some popular Xinyao songs as
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the background music of VEE to stimulate the elderly’s past
feeling of passion or comfort.
Meaningful design may vary from individual to individual.
Therefore, personalization of the exergame is also important. Personalized familiarity can be defined as aligning or
customizing the attributes and features in order to enable
an individual to develop relevant knowledge or mastery. We
customize the encouragements used in VEE for each individual
elderly. Specifically, we choose the photos or videos of the
elderly’s family members, such as their children and grandchildren, while displaying the supportive messages to encourage
the elderly to continually play VEE. The elderly will be more
attracted by VEE with these familiar faces appearing in the
exergame from time to time.
V. C ONCLUSION AND F UTURE W ORK
Exergames are proven to be effective and efficient to motivate the elderly to take exercises and stay healthy. Familiarity
is a highly important issue for the interactive system design,
such as exergames. We suggest that the metaphors of the
daily life objects and the cognitive models can help the
elderly understand the interactivity of the exergames. In this
paper, we define the framework of familiarity design in three
complementary dimensions. Based on our framework, we
further propose three specific aspects of familiarity design in
exergames for the elderly. Moreover, we introduce the Virtual
Escape Exergame that we developed for the elderly. For each
familiarity aspect of this exergame, we give a typical example
in the context of VEE. By following our design approach,
VEE will be more explicit and attractive for the elderly by
exploring their prior experiences and knowledge.
For future work, we prepare to improve the viability and
effectiveness of our approach on familiarity exergame design
by conducting case studies on VEE. We will follow the
feedback of the case studies to refine our design methodology
in order to make it more complete and simpler to use.
ACKNOWLEDGMENT
This research is supported by the National Research Foundation, Prime Ministers Office, Singapore under its IDM
Futures Funding Initiative.
R EFERENCES
[1] Department of Economic and Social Affairs Population Division, World
Population Ageing. United Nations, 2015.
[2] D. Wang, B. Subagdja, Y. Kang, A.-H. Tan, and D. Zhang, “Towards
intelligent caring agents for aging-in-place: Issues and challenges,” in
Computational Intelligence for Human-like Intelligence (CIHLI), 2014
IEEE Symposium on. IEEE, 2014, pp. 1–8.
[3] J. W. Burke, M. McNeill, D. Charles, P. J. Morrow, J. Crosbie, and
S. McDonough, “Serious games for upper limb rehabilitation following
stroke,” in Games and Virtual Worlds for Serious Applications, 2009. In
Proceedings of VS-GAMES’09. IEEE, 2009, pp. 103–110.
[4] M. Shaughnessy, B. M. Resnick, and R. F. Macko, “Testing a model
of post-stroke exercise behavior,” Rehabilitation Nursing, vol. 31, no. 1,
pp. 15–21, 2006.
[5] A. A. Rizzo and G. J. Kim, “A swot analysis of the field of virtual reality
rehabilitation and therapy,” Presence, vol. 14, no. 2, pp. 119–146, 2005.

[6] G. Alankus, A. Lazar, M. May, and C. Kelleher, “Towards customizable
games for stroke rehabilitation,” in Proceedings of the SIGCHI Conference on Human Factors in Computing Systems. ACM, 2010, pp.
2113–2122.
[7] C. Leonardi, C. Mennecozzi, E. Not, F. Pianesi, and M. Zancanaro,
“Designing a familiar technology for elderly people,” Gerontechnology,
vol. 7, no. 2, pp. 151–156, 2008.
[8] S. Kaplan and R. Kaplan, Cognition and environment: functioning in an
uncertain world. Ulrichs Books, 1982.
[9] G.-R. Son, B. Therrien, and A. Whall, “Implicit memory and familiarity
among elders with dementia,” Journal of Nursing Scholarship, vol. 34,
no. 3, pp. 263–267, 2002.
[10] N. Hollinworth and F. Hwang, “Investigating familiar interactions to help
older adults learn computer applications more easily,” in Proceedings of
the 25th BCS Conference on Human-Computer Interaction. British
Computer Society, 2011, pp. 473–478.
[11] J. A. Kleim, T. A. Jones, and T. Schallert, “Motor enrichment and
the induction of plasticity before or after brain injury,” Neurochemical
Research, vol. 28, no. 11, pp. 1757–1769, 2003.
[12] D. Jack, R. Boian, A. S. Merians, M. Tremaine, G. C. Burdea, S. V.
Adamovich, M. Recce, and H. Poizner, “Virtual reality-enhanced stroke
rehabilitation,” IEEE Transactions on Neural Systems and Rehabilitation
Engineering,, vol. 9, no. 3, pp. 308–318, 2001.
[13] B. G. Witmer and M. J. Singer, “Measuring presence in virtual environments: A presence questionnaire,” Presence: Teleoperators and virtual
environments, vol. 7, no. 3, pp. 225–240, 1998.
[14] S. Ganesan and L. Anthony, “Using the kinect to encourage older adults
to exercise: A prototype,” in Proceedings of the SIGCHI Conference on
Human Factors in Computing Systems. ACM, 2012, pp. 2297–2302.
[15] D. Felce and J. Perry, “Quality of life: Its definition and measurement,”
Research in Developmental Disabilities, vol. 16, no. 1, pp. 51–74, 1995.
[16] M. Balaam, S. Rennick Egglestone, G. Fitzpatrick, T. Rodden, A.M. Hughes, A. Wilkinson, T. Nind, L. Axelrod, E. Harris, I. Ricketts
et al., “Motivating mobility: Designing for lived motivation in stroke
rehabilitation,” in Proceedings of the SIGCHI Conference on Human
Factors in Computing Systems. ACM, 2011, pp. 3073–3082.
[17] J. W. Burke, M. McNeill, D. K. Charles, P. J. Morrow, J. H. Crosbie, and
S. M. McDonough, “Optimising engagement for stroke rehabilitation
using serious games,” The Visual Computer, vol. 25, no. 12, pp. 1085–
1099, 2009.
[18] K. D. Cicerone, D. M. Langenbahn, C. Braden, J. F. Malec, K. Kalmar,
M. Fraas, T. Felicetti, L. Laatsch, J. P. Harley, T. Bergquist et al.,
“Evidence-based cognitive rehabilitation: Updated review of the literature from 2003 through 2008,” Archives of Physical Medicine and
Rehabilitation, vol. 92, no. 4, pp. 519–530, 2011.
[19] K. M. Gerling, J. Schild, and M. Masuch, “Exergame design for
elderly users: The case study of silverbalance,” in Proceedings of the
7th International Conference on Advances in Computer Entertainment
Technology. ACM, 2010, pp. 66–69.
[20] B. Tognazzini, The Art of Human-Computer Interface Design. Reading:
Addison-Wesley, 1991.
[21] J. Herstad and H. Holone, “Making sense of co-creative tangibles
through the concept of familiarity,” in Proceedings of the 7th Nordic
Conference on Human-Computer Interaction: Making Sense Through
Design. ACM, 2012, pp. 89–98.
[22] O. Demirbilek and H. Demirkan, “Universal product design involving elderly users: a participatory design model,” Applied Ergonomics, vol. 35,
no. 4, pp. 361–370, 2004.
[23] J. E. Barry, “Everyday habits and routines: Design strategies to individualize home modifications for older people,” Ph.D. dissertation,
Washington State University, 2008.
[24] J. Boger, T. Craig, and A. Mihailidis, “Examining the impact of
familiarity on faucet usability for older adults with dementia,” BMC
Geriatrics, vol. 13, no. 1, p. 1, 2013.
[25] T. Rohrer, “Metaphors we compute by: bringing magic into interface
design,” Center for the Cognitive Science of Metaphor, Philosophy
Department, University of Oregon, 1995.
[26] Z. Pan, C. Miao, H. Yu, C. Leung, and J. J. Chin, “The effects of
familiarity design on the adoption of wellness games by the elderly,”
in 2015 IEEE/WIC/ACM International Conference on Web Intelligence
and Intelligent Agent Technology (WI-IAT), vol. 2. IEEE, 2015, pp.
387–390.
[27] I. Altman and C. Werner, “Home environments: Human behavior and
environment,” New York: Plenum, 1985.

© 2016, Association for Crowd Science and Engineering (ACE). All rights reserved.

88

Proceedings of the 2016 International Conference on Crowd Science and Engineering (ICCSE 2016)

Investigating the Influences of Gamification in
Citizen Science Systems:
A Motivational Affordances Perspective
Jian Tang

Yuxiang Zhao

School of Information
Central University of Finance and Economics
Beijing, China
jiantang@cufe.edu.cn

School of Economics and Management
Nanjing University of Science & Technology
Nanjing, China
yxzhao@vip.163.cn

Abstract—Gamification indicates the idea of providing
gameful experiences in non-game contexts to support overall
value creation. Points-based gamification and story-based
gamification are two approaches that vary in game elements
implementation. This study aims to understand the influences of
gamification from the lens of motivational affordances. Drawing
upon stimulus-organism-response framework, we propose a
research model to delineate how different gamification
approaches trigger various perceived motivational affordances,
which in turn lead to game engagement and user participation.
We aim to uncover the motivational affordances of two distinct
gamification approaches in citizen science systems and encourage
more research investigations in this direction.
Keywords—citizen
science;
affordances; user participation

gamification;
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I. INTRODUCTION
Crowdsourcing information systems is an umbrella term
that encompasses various information systems that rely on
open calls to recruit workers[1, 2]. The rapid growth of online
user population generates a big online labor market, where
requesters and organizations have access to a wide pool of
participants. Crowdsourcing research indicates ways of
leveraging the power of online labor to work on projects,
collecting ideas, and solving problems [3, 4]. Citizen science
systems are one type of crowdsourcing information system
designed to recruit general public to participate in scientific
activities [2]. Till now, well-known citizen science projects,
such as Galaxy Zoo, Citizen Sort, and Foldit, have gained
thousands of participants to work on scientific problems in
different areas, including astronomy, biology, archeology, etc.
It is notable that science tasks can often be repetitive and
tedious, even some participants may not have any interest in
scientific activities. Therefore, designing a system in a way
that can attract and sustain participants are critical for the
success of citizen science projects.
Gamification as an approach has gained increasing
attention from academia and practitioners, which is considered
a potential approach to engage crowdsourced workforces in

addressing large-scale problems while playing games [5].
Gamification is considered as a significant motivating
technique that makes non-game tasks fun and enjoyable [6]
and improves employees’ motivation and performance in
organizational activities [7]. In citizen science research,
studies have identified the importance of gameful design in
stimulating positive psychological outcomes from participants
[8-10].
There are two distinct views of gamification in the
literature. A systemic view defines gamification as the use of
game elements in non-game contexts [11]. Yet, Huotari and
Hamari posits to denote gamification as affording gameful
experiences in order to support users’ overall value creation
[12]. The experiential view of gamification undertakes a
relational perspective of game elements in non-game contexts.
Gamified information systems requires users’ capabilities to
identify the gameful experiences, and therefore, gamification
could be understood more broadly as a process that imbue the
possibilities for gameful experiences. Gamification does not
tie to particular game elements, and the use of a game service
may lead to a gameful experience for one user but not another
[12]. This depends on players’ capabilities to perceive the
motivational value afforded by gamification design.
Therefore, the notion of motivational affordances plays the
role to explain the variety of players’ responses to
gamification approaches.
Our study contributes to the extant literature on
gamification in citizen science systems in several ways. First,
to examine the motivational and experiential aspects of
gamification design, we undertake the lens of motivational
affordances to investigate the relational influences of
gamification on participants. Our research attempts to anchor
gamification in the growing body of literature on citizen
science and aims to study the possibilities of gamification in
affording motivational experiences. Unlike prior explorative
and descriptive research [13, 14], our study is theoretically
grounded in the Stimulus-Organism-Response model and we
proposes a research model that depicts how game elements
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afford to motivate users and in turn influences their game
engagement and participation behavior.
II. LITERATURE REVIEW
A. Motivational Affordances
Affordances of objects in the environment are perceived
through featured information or salient clues picked by
animals or human beings [15]. In the realm of humancomputer interaction, affordances was introduced by Norman
to understand the interaction design of technology.
Affordances refer to potential actions that are possible,
requiring the match between technology and capabilities of
human subjects [16, 17]. Zhang [18] applies the notion of
affordances to propose design principles of information and
communication technologies so that the technologies can
support one’s psychological, cognitive, emotional, and social
needs, arguing that people tend to use and continue to use ICT
to fulfill various psychological, cognitive, social, and
emotional needs. Therefore, features or functions of an IT
artifact that support these internal motivational needs can
influence whether, how, and how much this artifact will be
used.
Motivational affordances covers more than objective
design, instead, it indicates the relational attributes between
the objective design and capabilities of subjects to act upon it.
Thus, one common understanding of affordances are action
possibilities that can be identified by users to support their
overall well-being. From the affordance perspective,
gamification is not equivalent to add-on game elements,
instead, gamification indicates the relational attributes of
system design that can be perceived by participants. Fig.1
used a diagram to depict the associative role of motivational
affordances between game elements and subject needs.
Hamari et al. [8] summarized three main steps of
gamification: 1) the implemented motivational affordances, 2)
the resulting psychological outcomes, and 3) the further
behavioral outcomes. They argued that the implementation of
game elements can enhance the motivational affordances and
lead to better user experiences and performances. Yet, they
overlooked the fundamental characteristic of affordances,
which is the relational attributes that reside between the
technology and subject. Therefore, we argue that the
motivational affordances of gamification actually indicate how
players sense and perceive the motivational driving forces
afforded by game elements.

Fig. 1 Relational View of Motivational Affordances. The rectangles represent
the object entity and subjective entity; the diamond shape represents the
associate role (relational attributes) of affordances between object and subject.

B. Stimulus-Organism-Response Framework
Game elements are objective design characteristics that are
part of the environment where participants work on scientific
assignments. S-O-R framework is widely applied to explain
interrelationships among three critical components of personenvironment interaction: stimulus, organism, and response
[19-22]. Stimuli in the environment are design elements that
trigger internal processes inside a human’s (organism’s) mind,
which then affect behavioral responses or behavioral
tendencies. To address the question regarding the influences
of gamification on participants’ psychological states and
behavioral outcomes, stimulus-organism-response (S-O-R)
framework is considered appropriate to guide our research
investigation, as it delineates a picture of how environment
and human actor interplay with each other. The S-O-R
framework suggests a potential foundation to understand the
mechanisms of how gamificatoin can have impact on user
behaviors [23].
III. CONCEPUTAL DEVELOPMENT
Users are central part of citizen science projects.
Therefore, it is key to understand how these users are
motivated and driven to work on citizen science assignments.
Building on early mentioned notions of motivational
affordances and S-O-R framework, we examine how game
elements can be implemented to support motivational
affordances by instantiating Zhang’s [18, 24] design principles
in an attempt to promote user participation. Regarding the
characteristics of citizen science systems, we focus on
cognitive motivational needs (i.e., competence and
achievement) and emotional needs (i.e., affect and emotion) in
our research contexts. In particular, we are interested in the
influences of two gamification approaches, points-based
gamification and story-based gamification, in support two
types of motivational affordances, perceived cognitive
affordances and perceived affective affordances. Fig.2 depicts
the proposed research model.
Points-based gamification is an approach that focuses on
quantified measurements of user performance, and three
commonly used game elements include points, badges, and
leaderboards [25]. According to Zhang’s [18, 24] positive
design principle, providing positive feedback is a key
condition to satisfy competence need. Jung et al. [26]
confirmed that providing feedback significantly increased
quantity and quality of user participation in activities of idea
generation. Perceived cognitive affordances refer to user’s
perception of action possibilities facilitated by game elments
to satisfy their cognitive needs, such as competence and
achievement. These points-based game elements mostly
reflect player’s achievements and may have impact on
players’ perceived cognitive affordances. Therefore, we
hypothesize:
Hypothesis 1. Citizen science system with points-based
gamification induces higher level of perceived cognitive
affordances than those systems without points-based
gamification.
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Fig. 2 Proposed Research Model.

Story-based gamification, on the other hand, provides an
enriched scenario with game narratives about “stories with a
beginning, middle, and end that provide information about the
characters and plot” [27]. Stories-based gamification includes
a storyline for players to follow, allowing more intensive
interaction between citizen science systems and participants.
Perceived affective affordances refer to a user’s perception of
action possibilities that are facilitated by game elements to
entertain themselves and satisfy emotional needs, such as
enjoyment. Interactions with story-based gaming environment
are beyond task completion and allow the possibilities for
participants to seek for fun and satisfy their emotional needs.
Therefore, we hypothesize:
Hypothesis 2a. Citizen science system with story-based
gamification induces higher level of perceived affective
affordances than those systems without story-based
gamification.
Nevertheless, we should not overlook the possibilities of
story-based gamification to support cognitive needs, such as
competence and achievement. When the story unfolds, the
missions and levels indicate the progress of participants, and
they are likely to be aware of their achievements. Therefore,
we hypothesize:
Hypothesis 2b. Citizen science system with story-based
gamification induces higher level of perceived cognitive
affordances than those systems without story-based
gamification.
Psychological outcomes denotes the states experienced by
participants after working on citizen science projects. A few
related constructs also denote the psychological outcomes of
using information systems, include flow [28], immersion, and
engagement [8]. Game engagement refers to the player’s state
when interacting with a game. Game engagement is a part of
game experiences, encompassing multiple dimensions of a
player’s subjective feelings [29]. Brockmyer et al. [30]
conceptualize game engagement as a generic indicator of
game involvement, and other relevant concepts, such as
immersion, flow, psychological absorption, indicate the
progression of ever-deeper engagement. When participants
experienced motivational affordances, their motivational
needs are satisfied, they are more likely to feel engaged with
the citizen science projects. Therefore, we hypothesize:
Hypothesis 3. Perceived cognitive affordances positively
associate with game engagement.

In the citizen science game world, when player
experiences game engagement, it is very likely that they
would like to stay in the game environment and work on more
assignments. On the other hand, if they don’t feel engaged
with the game environment, they will probably choose to
leave the game or work on very few assignments. Therefore,
we hypothesize:
Hypothesis 5. Game engagement positively associate with
user participation.
IV. RESEARCH METHODOLOGY
We will conduct a lab experiment and collect data to validate
our research model. The empirical study consists of three
stages: experiment preparation, pilot tests, and the main
experiment. We plan to conduct a 2 (points-based
gamification: presence vs. absence) by 2 (story-based
gamification: presence vs. absence) factorial lab experiment to
compare the influences of these two main gamification
approaches (See Table I.).
TABLE I.

TREATMENTS OF EXPERIMENTAL GROUPS
Points- based gamification
Presence

Story-based
gamification

Presence
Absence

Points feedback,
Story scenario
Points feedback

Absence

Story scenario
None

The experiment preparation includes experiment
environment development and instrument validation. Pilot
tests should be conducted with a small sample to verify the
effectiveness of experimental manipulation. Then, the main
experiment will be executed to validate the research model.
Participants will be randomly assigned to one of the four
experimental groups. The random assignment can control the
possible demographic differences. They will be asked to
working on a citizen science assignments, and then fill out a
questionnaire regarding their subjective experiences.
According to the power analysis calculation from Cohen [31],
a group size of 44 is enough for a power of .80 to detect the
medium effect size (f 2 = .15) at the significance level of .05 (α
= .05) [31].
V. EXPECTED CONTRIBUTION
The nature of citizen science that requests for massive
public participation (the crowd) attracts increasing attention
from scientists and policy makers. Gamification as an
academic topic of study is relatively young [8], yet it is an
approach with great potential to promote citizen science
systems. Our research intend to anchor the development
gamification within citizen science systems literature and
investigate the influences of gamification from the lens of
motivational affordances. The findings may provide some
implications for citizen science design, and some pertinent
design principles and guidelines will be proposed to convert
the potential motivational needs to design practices.

Hypothesis 4. Perceived affective affordances positively
associate with game engagement.
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Abstract— Nowadays new models, technologies and
applications are jointly breeding a future networked system of
industrial operation. To this end, a novel network call Crowd Science
Network (CSN) evolves from traditional internet to a large-scaled,
open-styled, self-organized and ecological intelligent network. Based
on CSN, a new generation of E-commerce platform can be built.
However modeling of CSN, we have to tackle with several challenges.
In this work, we presents a modeling approach based on CyberAnima, which is a semantic and generic model of cyber-physics
system proposed in our previous work. The main contributions of
this paper are threefold: (1) Design a generic and semantic model
for CSN participants based on Cyber-Anima; (2) Develop a model
learning technique to handle heterogeneous and non-structured
information resources; (3) Propose an ADI-based mechanism to
drive the trading-styled connection and interaction between modeled
CSN participants.
Keywords— cyber-physics system; trade matching; semantic
model; E-commerce

I.

INTRODUCTION

In a new round of global revolution in technology and
industry, the fusion of internet and other domains, which
produces a strategical and holistic impact on the development of
economic society in various countries of the world, is quite
blooming and promising. New models, technologies and
applications are jointly breeding a future networked system of
industrial operation. Compared to traditional systems, the future
networked system of industrial operation has four essential
characteristics: proactive personalized consumption, direct
centralized distribution, intelligent decentralized manufacture
and ecological self-organized system. To facilitating such
characteristics, a novel network which evolves from traditional
internet to a large-scaled, open-styled, self-organized and
ecological intelligent network, called Crowd Science Network
(CSN), is required by the aforementioned networked system.
In the perspective of composition, CSN composes of various
intelligent federated agents participating as persons, enterprises
and administrative departments which are related by supply and
demand. With a behavioral perspective, interactions between
any agent in CSN are behaviors or activities of trading in some
extent. As a ternary system of information, physics and society,
CSN has essential logics of openness, federation, cooperation

and sharing, and it pursuits the object of consistency, efficiency,
innovation and development.
In the light of definition, any individual or organization of the
realistic world has a unique counterpart in CSN, which has the
same patterns of perceiving, thinking and behaving. Using
counterpart to reflect realistic individuals mostly emerges in the
research of cyber-physical system, e.g. Cyberself, CyberIndividual, etc. Cyberself[1] is proposed to be an embodiment of
individual as a means of identity signaling and as a medium of
online interaction. Whereas Cyber-Individual[2], with a short
term ‘Cyber-I’, is the unique counterpart of real person on
cyberspace and also a digital counterpart going with one’s
whole life. However such researches on counterpart of realistic
individual remain in the phase of concept and is incapable to
model CSN. Modeling of CSN is a twofold process. First, model
each participant of CSN in a generic and semantic way. Second,
define the connections and interaction between models of CSN.
There are three basic challenges in modeling of CSN: (1) how
can we design a generic model for all kinds of CSN participants?
(2) how can we build a semantic model with various
heterogeneous and non-structured information resources? (3)
how can we define a mechanism for trading-styled connection
and interaction between CSN participants?
In our previous work, we propose Cyber-Anima[3], a semantic
model to reflect individuals in the cyberspace and reason their
desires and intentions for recommender systems. Cyber-Anima
has six dimensions: physiology, belief, character, knowledge,
experience and context, which correspond to intrinsic and
extrinsic factors of humanity. On the one hand, Cyber-Anima
possesses the generalization which can develop to various
disciplines, e.g. biology, medical science, psychology,
sociology, statistics, economics, management science, politics,
philosophy, anthropology and etc. On the other hand, a fourunitary semantic structure of dimension, concept, relation and
axiom empowers Cyber-Anima to reflect any realistic
participants to cyberspace. Based on Cyber-Anima, an AnimaDesire-Intention-based (ADI-based) reasoning approach is
proposed for recommendation interactions, which can also be
extended to the scenario of trading-styled interactions.
In this work, we presents an approach based on Cyber-Anima
to model CSN. Leveraging and refining the dimensions of
physiology, belief, character, knowledge, experience and
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context, we extend Cyber-Anima to fit all kinds of CSN
participant, e.g. persons, enterprises and departments of
government. We developed a model learning technique based
on natural language processing for semantic model building and
synchronizing via heterogeneous and non-structured
information resources. We propose an ADI-based mechanism
for connection and interaction between modeled CSN
participants. We developed the prototype system of new
generation E-commerce platform to prove the effectiveness and
soundness of CSN modeling.
The main contributions of this paper are as follows:
 Design a generic and semantic model for CSN participants
based on Cyber-Anima;
 Develop a model learning technique to handle
heterogeneous and non-structured information resources;
 Propose an ADI-based mechanism to drive the tradingstyled connection and interaction between modeled CSN
participants.
The rest of the paper is organized as follows: Section 2
discusses existing related work and highlights the key
contributions from this study of work. Section 3 provides a
detailed elucidation of the generic and semantic model for CSN
and its learning technique. Section 4 focuses on the mechanism
of connection and interaction between models in CSN. Section
5 develops a prototype system based on the modeled CSN and
evaluates the performance. Section 6 concludes the paper and
provides a summary of future work.
II. RELATED WORK
The researches on cyber-physical system have been quite
popular recently. Using counterpart to reflect realistic
individuals is the first step to modeling a cyber-physical system.
To this end, several concepts have been proposed. Robinson
proposed an embodiment of individual as a means of identity
signaling and as a medium of online interaction, called
Cyberself [1]. Besides Cyberself, Robinson also presents
Cyberpersona and Cyberbody as the counterparts of persona
and body in cyberspace. Wen et al proposes Cyber-Individual,
with a short term ‘Cyber-I’, to create a unique, digital,
comprehensive description for every real person being in the
cyberspace including Human’s social context, mood, temper,
physical status and so on [2]. Cyber-I is a real individual’s
counterpart in cyberspace. However such researches are still in
conceptual phase and cannot be applied to modeling of cyberphysical system directly.
Eskins et al presents a framework of modeling Cyber-Human
Systems (CHS) which divides CHS elements into four types:
components, participants, processes and tasks [9]. Each type of
CHS elements is related with a set of properties. The
framework of modeling CHS provides a structured and
quantitative means of analyzing cyber security problems whose
outcomes are influenced by human-system interactions. Hence
such a framework can only be applied to a specific domain and
its modeling of CHS lacks of generic and semantic.
In our previous work, we propose a semantic model, called
Cyber-Anima, to reflect individuals in the cyberspace and
reason their desires and intentions for recommender systems [3].

Cyber-Anima composing of physiology, belief, character,
knowledge, experience and context represents the intrinsic and
extrinsic factors of user humanity. We perform a study on the
semantic modeling approach based on the Cyber-Anima and
propose a multi-phase, multi-task and multi-technology
mechanism for learning and populating the terms, concepts,
taxonomy relations, non-taxonomy relations and axioms in the
Cyber-Anima. We present the Cyber-Anima based reasoning
approaches to derive individual user desire and intention, which
leverage the existing or past individual desires and individual
intentions with a template to reason over with. It can produce
individual desire-oriented user profile and individual intentionoriented recommendation based on Cyber-Anima model. Albeit
Cyber-Anima is proposed for enhancing the performance of
recommender system, its generic and semantic modeling
approach, model learning mechanism and ADI-based reasoning
framework can be extended to modeling of cyber-physical
system, especially for CSN.
III. MODEL DESIGNING AND LEARNING BASED ON CYBERANIMA
The first two basic challenges in modeling of CSN are: (1)
how can we design a generic model for all kinds of CSN
participants? (2) how can we build a semantic model with
various heterogeneous and non-structured information
resources? In this section, we introduce a generic and semantic
model for CSN participants based on Cyber-Anima and the
model learning technique to handle heterogeneous and nonstructured information resources.
A. Model Designing for CSN
CSN is a large-scaled, open-styled, self-organized and
ecological intelligent network. The participants of CSN are
counterparts of supply and demand sides in realistic trading
activities or interactions, which can be divided into three
categories: person, enterprise and administrative department.
Figure 1 illustrates the basic formation of CSN in which all
categories of participant connect and interact mutually in a
trading style, meanwhile service and information can be
produced and consumed by all the participants.

© 2016, Association for Crowd Science and Engineering (ACE). All rights reserved.

94

Proceedings of the 2016 International Conference on Crowd Science and Engineering (ICCSE 2016)

Fig 1. Basic Formation of CSN

In the light of aforementioned characteristics, a model which
can semantically and generically represent all three categories
of CSN participant should be designed with cross-disciplinary
perspective. In particular, each category of CSN participant
relates to both general and specific disciplines, shown in Table
1.
TABLE I.

Category
Person

CATEGORY OF CSN PARTICIPANT AND ITS RELATED
DISCIPLINES

General
Discipline
sociology,
philosophy,
anthropology

Specific Discipline

biology, medical science,
psychology
Enterprise
organizational behavior,
economics, management
science,
operations
research, statistics
Administrative
public
administration,
Department
politics,
economics,
management
science,
statistics
In our previous work[3], we propose a semantic model, called
Cyber-Anima, to reflect individuals in the cyberspace and
reason their desires and intentions for recommender systems. In
light of the equivalence between ‘individual’ and ‘person’ in our
previous work and this work respectively, CSN person can be
modeled by Cyber-Anima. Without the loss of generality, we
formalize CSN participants based on Cyber-Anima as tuple 𝒜
with three attributes, as explained below.
Definition 1. (CSN participant Cyber-Anima model) A CSN
participant is modeled based on Cyber-Anima as tuple 𝒜 with
three attributes:
𝒜 ∷=< 𝐼𝐷, 𝐷𝐼 , 𝐷𝐸 >
where:
- 𝐼𝐷 is the identity of model;
- 𝐷𝐼 is the set of intrinsic dimensions, which includes
physiology, belief, character, experience and
𝐼
𝐼
𝐼
𝐼
𝐼
knowledge, namely 𝐷𝐼 ∷= {𝐷𝑃𝐻
, 𝐷𝐵𝐸
, 𝐷𝐶𝐻
, 𝐷𝐸𝑋
, 𝐷𝐾𝑁
};
𝐸
- 𝐷 is the extrinsic dimension.
In accordance with definition 1, the intrinsic and extrinsic
dimensions of CSN person Cyber-Anima model are designed
with cross-disciplinary perspective shown in Table 2. CSN
person model has five intrinsic dimensions including
physiology, belief, character, experience and knowledge, and an
extrinsic dimension which is context.
TABLE II.

Dimension
Physiology
𝐼
(𝐷𝑃𝐻
)
Belief
𝐼
(𝐷𝐵𝐸
)

Character
16PF, Big Five, psychology, sociology
𝐼
psychogenic needs
(𝐷𝐶𝐻 )
Experience life, work, study, psychology, sociology
𝐼
trade
(𝐷𝐸𝑋
)
Knowledge discipline, skill
sociology, psychology
𝐼
(𝐷𝐾𝑁
)
Context
heredity,
group, biology,
sociology,
𝐸
culture
anthropology
(𝐷 )
Dimension is the maximum granularity composition of a
semantic model. Formally, we define a dimension of CSN
participant Cyber-Anima model as tuple 𝐷 with two attributes,
as explained below.
Definition 2. (Dimension) A dimension of CSN participant
Cyber-Anima model is modeled as tuple 𝐷 with two attributes:
𝐷 ∷=< 𝐶, 𝑅 >
where:
- 𝐶 is the set of concepts, and 𝐶 ∷=< 𝑀𝐶, 𝐴𝑋𝐶 > ,
where 𝑀𝐶 is the marker of concept, and 𝐴𝑋𝐶 is the
set of concept axioms;
- 𝑅 is the set of relations, and 𝑅 ∷=< 𝑀𝑅, 𝐶𝑃,
𝐴𝑋𝑅 >, where 𝑀𝑅 is the marker of relation, 𝐶𝑃 is the
pair of concept, and 𝐴𝑋𝑅 is the set of relation axioms.
To clarify the representation of dimensions, we give each
dimension several classifications to distinguish their concepts
with different perspectives, e.g. physiology dimension of CSN
person Cyber-Anima model has two classifications of disease
and physique distinguished in perspectives of biology and
medical science respectively. Accordingly, we can extend CSN
person Cyber-Anima model to model the other two categories
of CSN participant with identical dimensions but different
classifications of concept. Table 3 and 4 show the dimensions
of CSN enterprise Cyber-Anima model and CSN administrative
department Cyber-Anima model with their classifications and
perspectives.
TABLE III.

DIMENSIONS OF CSN ENTERPRISE CYBER-ANIMA MODEL

Dimension
Physiology
𝐼
(𝐷𝑃𝐻
)

Classification
finance, ownership,
organizational
structure

Belief
𝐼
(𝐷𝐵𝐸
)

values, corporate
identity, corporate
philosophy
brand,
corporate
culture

Character
𝐼
(𝐷𝐶𝐻
)

DIMENSIONS OF CSN PERSON CYBER-ANIMA MODEL

Classification
disease, physique
world view, values,
self-schema

Perspective
biology,
science
philosophy,
psychology

medical

Experience
𝐼
(𝐷𝐸𝑋
)
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R&D,
marketing,
management,
production, trade

Perspective
organizational
behavior, economics,
management science,
statistics
economics,
management science,
sociology, philosophy
organizational
behavior, management
science,
sociology,
philosophy
organizational
behavior, management
science,
operations
research, sociology
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Knowledge
𝐼
(𝐷𝐾𝑁
)

production
management,
operation

Context
(𝐷 𝐸 )

administration,
market,
society,
culture

TABLE IV.

Dimension
Physiology
𝐼
(𝐷𝑃𝐻
)

economics,
management science,
operations research,
statistics
economics,
management science,
statistics, sociology,
anthropology

DIMENSIONS OF CSN ADMINISTRAIVE DEPARTMENT CYBERANIMA MODEL

Classification
finance, system

Perspective
public administration,
politics, management
science, statistics
Belief
values,
political public administration,
𝐼
conviction,
self- politics,
sociology,
(𝐷𝐵𝐸
)
positioning
philosophy
Character
style
of
work, public administration,
𝐼
administrative
politics, management
(𝐷𝐶𝐻
)
culture
science, sociology
Experience administrative
public administration,
𝐼
affair , function politics,
economics,
(𝐷𝐸𝑋
)
adjustment, trade
sociology
Knowledge administration,
public administration,
𝐼
service,
control
politics,
economics,
(𝐷𝐾𝑁 )
management science
Context
politics,
society, politics,
economics,
𝐸
culture
statistics,
sociology,
(𝐷 )
anthropology
Based on Cyber-Anima, all three categories of CSN
participant have been modeled generically and semantically. In
maximum granularity level, such models have uniform
dimensions: five intrinsic dimensions including physiology,
belief, character, experience and knowledge, and an extrinsic
dimension which is context. Albeit dimensions of CSN
participant Cyber-Anima model are identical in semantic
structure, they are distinguished by different classifications
generated in different perspectives. We use these classifications
as an explanatory tool, so these classifications of model
illustrated above are not exclusive and varied with weights of
blended perspectives.
B. Model Learning Technique
In light of Definition 2, each dimension of CSN participant
Cyber-Anima model is constituted by concepts, relations and
corresponding axioms. On account of perspective difference, we
confront heterogeneous and non-structured information
resources during model learning. For instances, when learning
character dimension of CSN person Cyber-Anima model,
corresponding information resources are usually blogs, tweets,
dialogue, speech and even pictures. Compared to homogeneous
and structured, heterogeneous and non-structured information
lacks of artificial processing but approaches the original
information form. In CSN, heterogeneous and non-structured
information resources are dominant and required techniques
based on natural language processing to deal with.

In our previous work [3], we propose a semantic network,
called ConceptNet.Cyber-Anima, which is an extension of
famous MIT proposed semantic network, ConceptNet [4].
ConceptNet.Cyber-Anima inherits of node and edge elements
from ConceptNet graph structure to represent concept and
relation of CSN participant Cyber-Anima model, and extends
assertion element of ConceptNet by adding attributes including
restrict and object to represent axioms of concept and relation.
In this way, ConceptNet.Cyber-Anima can represent any
concept, relation and corresponding axiom of CSN participant
Cyber-Anima model. The maintenance of ConceptNet.CyberAnima is a job of crowdsourcing by researcher in various
disciplines including biology, medical science, psychology,
sociology, statistics, economics, management science, politics,
philosophy, anthropology and etc. The more nodes, edges and
assertions are acquired, the more ConceptNet.Cyber-Anima
facilities jobs of natural language processing.
Rely on ConceptNet.Cyber-Anima, we propose a model
learning technique based on natural language processing which
has a threefold process: (1) Recognize concepts from
information resources according to the node set of
ConceptNet.Cyber-Anima; (2) Extract relations and
corresponding axioms by the edge set of ConceptNet.CyberAnima along with their assertions; (3) Populate the CSN
participant Cyber-Anima model with extracted concepts,
relations and corresponding axioms.
The difficulties of concept recognition are word segmentation,
NER (Named-Entity Recognition) and POS (Part Of Speech)
annotation. For this purpose, n-gram model based segmentation
method [5], CRF (Conditional Random Field)-based NER
method [6] and HMM (Hidden Markov Model)-based POS
annotation method [7] can be employed. In the phase of relation
extraction, we tackle with word-sense disambiguation by mutual
information based word-sense disambiguation method [8]. After
concepts, relations and corresponding axioms have been
extracted, population phase of Cyber-Anima model starts by
those population algorithms proposed in our previous work [3].
IV. CONNECTION AND INTERACTION OF CSN PARTICIPANT
CYBER-ANIMA MODEL
The last basic challenge in modeling of CSN is: (3) how can
we define a mechanism for trading-styled connection and
interaction between CSN participants? After modeling CSN
participants based on Cyber-Anima, we explore the mechanism
of connection and interaction generating between CSN
participants Cyber-Anima model in this section.
A. A CSN Based on Cyber-Anima Model
Figure 1 shows a basic formation of CSN in which all
categories of participant connect and interact mutually in a
trading style. In last section, three categories of CSN participant
are model based on Cyber-Anima generically and semantically.
Rely on CSN participant Cyber-Anima model, we formalize
CSN as tuple 𝑁 with three attributes, as explained below.
Definition 3. (CSN) A CSN based on Cyber-Anima model is
modeled as tuple 𝑁 with three attributes:
𝑁 ∷=< [𝒜1 , 𝒜2 , 𝒜3 … 𝒜𝑛 ], 𝐶𝑁, 𝐼𝑇 >
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where:
- [𝒜1 , 𝒜2 , 𝒜3 … 𝒜𝑛 ] is the set of Cyber-Anima models
in CSN;
- 𝐶𝑁 is the set of connections between CSN participant
Cyber-Anima models;
- 𝐼T is the set of interactions between CSN participant
Cyber-Anima models.
In light of Definition 3, CSN composes of Cyber-Anima
models which represent participants, connections and
interactions among Cyber-Anima models. In essence, the
interaction in CSN is a trading for producing and consuming
information or service. The connection has weight to represent
its intensity, and it is both prerequisite and consequence for the
interaction. There are four truths between connection and
interaction: (1) A connection must be generated before two
Cyber-Anima models interacts mutually; (2) Once generated,
connection may have a longer lifecycle than corresponding
interaction; (3) Via each connection, more than one interaction
can be generated; (4) Only one connection exits between two
Cyber-Anima models. For instance, when a CSN person CyberAnima model intends to interact with a CSN enterprise CyberAnima model, a connection is generated between these two
Cyber-Anima models. In case of the interaction finishes, the
connection may preserve for subsequent interactions or remove
simultaneously.
B. ADI-based Connection and Interaction Generating
So far, generically and semantically modeling of CSN has
achieved based on Cyber-Anima. To build a large-scaled, openstyled, self-organized and ecological intelligent network, there
are two remaining problems required to be solve: (1) how to
generate and remove connection autonomously; (2) how to
generate interaction for optimal matching pair of producer and
consumer against information or service.
In our previous work [3], we propose an ADI-based reasoning
approach for recommender system. By converting
aforementioned two remaining problems to recommendation
problem of connection and interaction, we employ such a
reasoning approach to intelligently generate connection and
interaction of CSN. To this end, we formalize the
recommendation problem of connection and interaction as
follows:
Definition 4. (Recommendation problem of connection and
interaction) For each CSN participant 𝑝 ∈ 𝑃 has a desire 𝒹𝑡𝑤𝑖 ∈
𝒟𝑝 and an intention 𝒾𝑡𝑤𝑖 ∈ ℐ𝑝 on time point 𝑡𝑖 ∈ 𝑇 in possible
world 𝑤 ∈ 𝑊, we want to choose such connection 𝑐𝑛′ ∈ 𝐶𝑁, or
such interaction 𝑖𝑡 ′ ∈ 𝐼𝑇 that 𝒾𝑡𝑤𝑖 = 𝛿(𝑚𝑎𝑥𝑒𝑥𝑝𝑣𝑎𝑙, 𝒹𝑡𝑤𝑖 ).
where:
- 𝑊 is a set of possible worlds, and for each 𝑤 ∈ 𝑊, we
have 𝑤 ∷=< 𝑇𝑤 , 𝐴𝑤 , 𝐸𝑤 >. 𝑇𝑤 ⊆ 𝑇 is a set of time
points in possible world 𝑤; 𝐴𝑤 is a binary relation of
time points, namely ∀𝑖(𝑡𝑖 , 𝑡𝑖+1 ) ∈ 𝐴𝑤 ; 𝐸𝑤 is a set of
event type in possible world w;

-

𝒟𝑝 is the possible desire world of CSN participant 𝑝 ∈
𝑃, and 𝒟𝑝 ⊆ 𝑊 × 𝑇 × 𝑊;
ℐ𝑝 is the possible intention world of CSN participant
𝑝 ∈ 𝑃, and ℐ𝑝 ⊆ 𝑊 × 𝑇 × 𝑊;
𝛿 is the deliberation function;
𝑚𝑎𝑥𝑒𝑥𝑝𝑣𝑎𝑙 is the maximizing expected value.

In light of Definition 4, generating an optimum connection or
interaction for some CSN participant in a specific time point is
a twofold process shown in Figure 2. Firstly, we reason the
desire 𝒹𝑡𝑤𝑖 of the participant based on its Cyber-Anima model.
Secondly, we reason and find such a connection 𝑐𝑛′ or
interaction 𝑖𝑡 ′ that 𝒾𝑡𝑤𝑖 = 𝛿(𝑚𝑎𝑥𝑒𝑥𝑝𝑣𝑎𝑙, 𝒹𝑡𝑤𝑖 ).

Fig 2. Process of Generating Conncetion or Interaction for CSN participant

For the purpose of reasoning the desire of CSN participant,
we acquire the CSN participant Cyber-Anima model 𝒜𝑝 on
current time point 𝑡𝑖 , then employ desire reasoning algorithm
ψ𝐷 to reason each event type 𝑒𝑡𝑤𝑖 of participant’s desire 𝒹𝑡𝑤𝑖
along with its payoff value 𝑃𝐴𝑌𝑂𝐹𝐹(𝑒𝑡𝑤𝑖 ) on current time point
𝑡𝑖 based on Cyber-Anima model 𝒜𝑝 . The desire reasoning
algorithm ψ𝐷 can be a hybrid of knowledge-based, contentbased and collaborated filtering algorithm for preference
extraction. The participant’s desire 𝒹𝑡𝑤𝑖 illustrates who it
expects to connect and what service or information it expects
to interact for.
Next, we employ intention reasoning algorithm ψ𝐼 to reason
the participant’s intention 𝒾𝑡𝑤𝑖 which illustrates the probability
𝑃𝑅𝑂𝐵(𝑒𝑡𝑤𝑖 ) and payoff value 𝑃𝐴𝑌𝑂𝐹𝐹(𝑒𝑡𝑤𝑖 ) towards each
candidate to be connect and interact on current time point 𝑡𝑖
based on participant’s desire 𝒹𝑡𝑤𝑖 . The intention reasoning
algorithm ψ𝐼 can be a hybrid of knowledge-based, contentbased and collaborated filtering algorithm for utility calculation.
Finally, we sum up the utility value 𝑃𝐴𝑌𝑂𝐹𝐹(𝑒𝑡𝑤𝑖 ) ∙
𝑃𝑅𝑂𝐵(𝑒𝑡𝑤𝑖 ) of each candidate in the participant’s intention 𝒾𝑡𝑤𝑖 ,
and sort for the optimal connections or interactions.
In light of CSN’s essential logics of openness, federation,
cooperation and sharing, we can train the desire reasoning
algorithm ψ𝐷 and the intention reasoning algorithm ψ𝐼 with
CSN participant Cyber-Anima models and their history
connections and interactions, which ensures the performance of
generating connection and interaction.
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V. PROTOTYPE IMPLEMENTATION AND EVALUATION
CSN is proposed for the purpose of implementing the future
networked system of industrial operation. Compared to
traditional systems, the future networked system of industrial
operation has four essential characteristics: proactive
personalized consumption, direct centralized distribution,
intelligent decentralized manufacture and ecological selforganized system. The future networked system of industrial
operation has its own operation platform, called new generation
E-commerce platform, which is different from traditional Ecommerce platform in: (1) directly connection with consumer
end and producer end directly; (2) intelligent trade matching; (3)
technical support by cloud computing, IOT (Internet Of Things),
big data; (4) personalized portal.
In last sections, we has generically and semantically
modeled the CSN based on Cyber-Anima and present an ADIbased reasoning approach for generating trading-styled
connection and interaction between CSN participant CyberAnima models intelligently. In this section, we implement the
prototype system of new generation E-commerce platform rely
on the modeling of CSN. The prototype system composes of
four function modules: (1) Who am I; (2) My demand; (3) My
supply; (4) My space.
The new generation E-commerce platform is a personalized
portal for every unique CSN participant, which means any CSN
participant has his own independent portal. Intuitively, we call
each CSN participant the owner of his platform. CSN participant
Cyber-Anima model drives the platform for the realistic
counterpart of its owner in CSN autonomously, meanwhile the
owner can operate the platform manually. The platform shows
the 3D virtual image of its owner and entrances of the four
function modules at a first glance shown in Figure 3.

Fig 4. ‘Who am I’ Function Module

‘My demand’ function module tackles with all demands of its
owner rely on owner’s Cyber-Anima model and ADI-based
connection and interaction generation mechanism, covering
pull-styled demand and push-styled demand. Any connection or
interaction in CSN is trade-styled and associate with a demand
part and a supply part, so the owner is a demand part in ‘My
demand’ function module. The owner’s demand can proactively
be launched by himself or passively be elicited by supply side,
which are so-called pull-styled and push-styled respectively. No
matter who launches demand, an optimal matching of demand
and supply sides can be generated by ADI-based reasoning.
Figure 5 illustrates the matching snapshot for a pull-styled
demand of automobile.

Fig 5. ‘My demand’ Function Module

Fig 3. New Generation E-commerce Platform at a First Glance

‘Who am I’ function module is a snapshot of the owner’s
Cyber-Anima model. In this function module, we can overview
interested concepts, relations and axioms of owner’s CyberAnima model to know who he is. Figure 4 shows the ‘Who am
I’ function module of person category owner, including her 3D
virtual image, physique related concepts of physiology
dimension, values related concepts of belief dimension, trade
related concepts of experience dimension and etc.

Relatively, ‘My supply’ function module handles all supplies
of its owner rely on owner’s Cyber-Anima model and ADIbased connection and interaction generation mechanism,
covering pull-styled supply and push-styled supply. As the
supply part in ‘My supply’ function module, the owner’s supply
can proactively be launched by himself or passively be elicited
by demand side, which are so-called pull-styled and push-styled
respectively. No matter who launches supply, an optimal
matching of demand and supply sides can be generated by ADIbased reasoning. Figure 6 shows the process of launching a new
supply by owner.
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participants. We developed the prototype system of new
generation E-commerce platform to prove the effectiveness and
soundness of CSN modeling.
We intend to continue our research in the following two
directions: (1) improve the model learning techniques for its
robustness; (2) enhance the function of the prototype system
and deploy it to industrial application.
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After implementing the prototype system of new generation
E-commerce platform, we have invited experts from various
disciplines to review the system and received positive
evaluations to the system and the modeling of CSN behind it.
VI. CONCLUSION AND FUTURE WORK
CSN is defined to be a large-scaled, open-styled, selforganized and ecological intelligent network and a ternary
system of information, physics and society, which evolves to the
next generation of internet. CSN composes of various intelligent
federated agents participating as persons, enterprises and
administrative departments which are related by supply and
demand. Interactions between any participant in CSN are
behaviors or activities of trading in some extent. To model CSN,
we have several basic challenges to tackle.
To this end, we presents an approach based on Cyber-Anima
to model CSN. We extend Cyber-Anima along with its five
intrinsic and one extrinsic dimensions to fit all kinds of CSN
participant. Towards heterogeneous and non-structured
information resources, we developed a model learning
technique based on natural language processing for semantic
model building and synchronizing. We propose an ADI-based
connection and interaction generation mechanism for CSN
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Abstract—Gamification can be applied in crowdsourcing
projects to encourage and engage participants, yet the
motivation mechanism of gamification is not well studied. This
research aims to investigate the motivational influences of
different categories of game elements and the moderating
effect of task complexity in crowdsourcing projects. Based on
the theory of extrinsic and intrinsic motivation and selfdetermination theory, we proposed a model to depict the effect
of four categories of game elements on three types of
motivation, which may in turn influence user participation. We
also designed a series of lab experiments to collect data and
validate our research model. The potential contribution and
implications of our research are also discussed.
Keywords—gamification, game element, categorization,
crowdsourcing, motivation mechanism, self-determination theory,
intrinsic motivation, extrinsic motivation, internalization, task
complexity

I.

INTRODUCTION

Gamification refers to the use of gameplay mechanism in
non-gaming contexts to encourage desired behavior[1].
Many scholars and practitioners have applied this approach
in several contexts such as education, health, project
management, environment protection, outsourcing and
software development, etc.[2]. Gamification can benefit
corporations and companies by extending the market share,
changing the attitude of users and enhancing the motivation
effect[3]. The application of game elements help managers or
organizers dismantle the obstacles like the disability to attract
users, inadequate participation and low engagement[4], and
finally guarantee that projects or activities hosted by those
corporations and companies could move forward as expected.
Crowdsourcing is one of the contexts where gamification
could be applied, which refers to a new outsourcing approach
that takes tasks as an open call to an undefined, large group
of people[5]. The cooperation and competition traits of
crowdsourcing projects allow companies to make a full use
of knowledge, skills and resources beyond their own staff[6,
7], so they can reduce the cost and benefit a lot more[5].
Crowdsourcing relies on the number of participants who
are willing to devote and contribute their time and efforts.

Whether crowdsourcing projects could be operated smoothly
is highly relevant with the ability of those initiators to attract
and obtain adequate participants. Many crowdsourcing
projects have failed because they were unable to gain enough
attention from the public[4]. Gamification is considered as an
approach to attract participants and improve the engagement.
The application of gamification may avoid the situation
where a crowdsourcing project may fail owing to the lack of
participation. Hence, how to apply gamification
appropriately to increase participation and engagement has
become a major topic in our research.
Some prior research discussed the application of
gamification in the realm of crowdsourcing[8], yet the extant
literature lacks a systematic understanding of motivation
mechanism of gamification in crowdsourcing projects. Some
of the scholars who are interested in the application of
gamification intended to abstract game elements to provide a
more complete structure of gamification[4, 9, 10], but the
process or mechanism via which these game elements can
have an impact on user participation are barely mentioned in
these frameworks; others intended to discuss the
motivational influence of some specific game elements in
different contexts[11], but the categories of these game
elements having been discussed in these studies are limited.
As a result, which kinds of game elements are more effective
in increasing participation and engagement in crowdsourcing
projects, and whether motivation mechanism of these game
elements vary from one kind to another remains uncovered.
To fill these gaps, we intend to investigate the
motivation mechanism of gamification in crowdsourcing
projects. First, we categorized game elements that have been
used widely in crowdsourcing projects. Then, we proposed a
research model that depicts the effect of these game
elements on human motivation, which may in turn influence
user participation. In addition, we are interested in identify
the moderating effects of task complexity on user
motivation. We designed a series of lab experiments to
validate our research model. Finally, we discussed expected
contribution and implications of our research.

*This research is supported by the National Social Science Fund of China
(Grant No. 14AZD045).
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II.

LITERATURE REVIEW

A. Gamification
Game has been considered as the inspiration for
designing captivating user interface since 1980[2, 12]. Until
now, many scholars and practitioners have applied game
dynamics and elements to different contexts to enhance the
user engagement. The most frequently mentioned and used
game elements within these contexts are narratives, fantasy
world, point, level, status, badge, leaderboard, challenge,
countdown, deadline, etc.
A common definition of gamification embraces the
concept of using game elements and design techniques in a
non-game setting, often with the end-goal of shaping the user
behavior[13]. Thanks to the high adaptability of gamification,
many non-gaming contexts, such as education, health,
project management, environment protection, crowdsourcing,
software development, have been used the idea of
gamification[2]. Many corporations and companies have
used the concept of gamification and game elements to help
them extend the market share, alter the attitude of users and
enhance the motivation effect[3] to maintain a high
engagement and obtain loyalty from their users. However,
most initiators cannot meet their expectations because game
elements were not implemented appropriately. Hence, how
to select proper game elements under varied contexts has
gradually gained attention among scholars and practitioners,
so is the motivation mechanism of gamification.
Despite of the wide application of gamification, the
discussion of the inner mechanism of gamification is still
open. One of the most frequently used framework of
gamification is Hunicke, et al. [9]’s MDA (MechanicDynamic-Aesthetic) framework where game elements have
been abstracted into three parts: game mechanics, game
dynamics and game aesthetics. Mechanics refer to the
fundamental settings and rules including point, level, trophy,
badge, achievement, leaderboard and virtual gift, etc.;
dynamics refer to the motives which can lead to some
particular emotions, such as reward, status, achievement, self
expression, competition and altruism[14]; aesthetic, which is
substituted sometimes as emotion[10], refers to the feelings
and emotions evoked by game dynamics. MDA framework
have brought out a hierarchical picture of game elements.
However, MDA framework emphasized a lot on the abstract
of the components of gamification while they left out the part
on the motivation process of these components. Besides,
while this framework takes gamification as a whole to
analyze, the distinct ways in which those game elements may
function are not discussed.
Some scholars put their emphasis on the effect of some
specific game elements. Hanus and Fox [15] applied badge
and leaderboard to the context of education and discovered
that these two kinds of game element may decrease the
motives and final scores of students. Mekler., et al. [16] used
point, level and leaderboard in a tagging experiment and
found that these three game elements have no influence on
individuals’ intrinsic motivation, but will change users’
ultimate behavior by affecting extrinsic motivation. These
studies show that the impacts of game elements may vary

under different contexts. Hence, we should seek for a more
detailed explanation. In addition, game element categories
that have been mentioned in these researches are limited. The
effect and mechanism of game elements such as narratives,
progress bar are not well studied.
To address these issues, we discuss the motivation
mechanism and process of different categories of game
elements in crowdsourcing projects, and posit a theoretical
model that can uncover the relationships among varied game
elements, user motivations and user participation.
B. Crowdsourcing
Crowdsourcing is one of the contexts where the concept
of gamification has been frequently used, which refers to a
new outsourcing approach that takes tasks as an open call to
an undefined, large group of people[5]. Knowledge seekers
can post their task requirements in some kind of a platform
and then problem solvers can participate in these tasks to
gain rewards provided by knowledge seekers after they
manage to meet all the requirements requested by knowledge
seekers[17]. By crowdsourcing projects, managers and
organizers are able to make a better use of knowledge, skills
and resources[6, 7], and reduce the cost[5].
However, as the cost on operating a crowdsourcing
project is relatively low, and there is an increasing number of
platforms supporting the crowdsourcing projects, the
competition among those crowdsourcing project initiators to
call up participants become fierce. Under this circumstances,
many crowdsourcing projects failed as an end owing to the
initiators’ disability to absorb enough attention from the
public[4]. As user engagement is of great necessity for
accomplishing a crowdsourcing project, the motives and
incentives for those users to participate in crowdsourcing
projects is becoming a topic for relevant scholars.
C. Motivation Theory
Porter and Lawler [18]’s intrinsic and extrinsic
motivation, along with Ryan, et al. [19]’s self-determination
theory are the most applied motivation theories among all
these motivation researches. Zheng, et al. [20] developed a
research model to explain participation in crowdsourcing
contexts based on the theory of extrinsic and intrinsic
motivation; And by analyzing the case of Treadless,
Kavaliova, et al. [13] used self-determination theory to
explore how companies can motivate contributions to a
crowdsourcing project.
Intrinsic motivation involves people doing an activity
because they find it interesting and derive spontaneous
satisfaction from the activity itself[21]. In contrast,
extrinsically motivated individuals perform an activity as
means to achieve some separable objective or personal
benefits, so satisfaction comes not from the activity itself but
rather from the extrinsic consequences to which the activity
leads[22]. In Ryan, et al. [19]’s self-determination theory,
individual motivation are further categorized as intrinsic
motivation, internalized extrinsic motivation and extrinsic
motivation. Internalization is defined as people taking in
values, attitudes, or regulatory structures, such that the
external regulation of a behavior is transformed into an
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internal regulation and thus no longer requires the presence
of an external contingency. Besides, Zheng, et al. [20] put
forward an idea in his research on the motives of a
crowdsourcing project that job characteristic is of great
importance in influencing participants’ behavior, which may
act as regulatory variables to enhance or weaken the effect of
intrinsic motivation. This idea is also the kernel of Hackman
and Oldman [23]’s job design theory.
TABLE I.
Motivation
Type
Extrinsic
motivation

MOTIVES IN CROWDSOURCING PROJECTS
Frequency

Motives

Internalized
extrinsic
motivation

Reference

Reward

[13, 20, 24-27]

Recognition

[13, 20, 25]

High
New skills
acquirement
New job
opportunity
Middle

[25, 27]
[27]

Relationship

[13, 25]

Self-efficacy

[13, 25, 26]

Achievement
Social
consideration

[13, 25]
[25, 27]

Fun
Intrinsic
motivation

Curiosity
Low

[13, 25]
Exploratory
Addiction

TABLE II.

MOTIVES RELEATED TO GAME ELEMENTS IN
CROWDSOURCING PROJECTS

Motivation Type

Motives

Reference

III.

RESEARCH MODEL AND HYPOTHESIS DEVELOPMENT

A. Game element categorization
Game elements which have been frequently used in
crowdsourcing are point/score, leaderboard/ranking,
badge/achievement, level, reward, progress bar, mission,
feedback, storytelling and virtual territories [8]. Based on
the characteristics of these game elements and the
similarities among them, we further categorized these game
elements into four categories: reward, recognition, progress
and fantasy. Reward refers to game elements that provide
rewards for some specific behavior or achievements of
participants, including tangible monetary and gifts as well as
virtual goods and game properties. Recognition refers to
game elements that support mechanism where actions of
participants to accomplish the task are converted to some
kind of countable values to be compared with, including
point (/score), leaderboard (/ranking), badge (/achievement),
and level. Progress refers to game elements that provide
information on the progression of an ongoing task on the
premise that the accomplishment of a specific project is
divided into several submissions or stages. Fantasy refers to
game elements that create virtual circumstances, such as
storytelling or virtual territory.

Reward

[13, 20, 24-27]

Recognition

[13, 20, 25]

Self-efficacy

[13, 25, 26]

The research model based on the categorization
mentioned above is shown as figure 1.

Achievement

[13, 25]

Fig. 1. A proposal research model

Extrinsic motivation
Internalized
extrinsic motivation

which means these motives are difficult to be enhanced by
game elements. “Relationship building” is related with the
function of crowdsourcing platform. If the platform is pretty
powerful in supporting social communication like providing
functions like liking others, commenting, sharing to other
SNS, creating a forum/group, this kind of motives will be
enhanced. However, this can also be difficult for any game
element to achieve. Hence, we exclude motives like “skills
development”, “professional development”, “social reason”
and “relationship building” when we discuss which motives
can be enhanced by those game elements (see table 2).

Fun
TASK
COMPLEXITY

Curiosity
[13, 25]
REWARD

H1

RECOGNITION

EXTRINSIC
MOTIVATION
H8c
H8c

H2a

3a
H
H2
b

H3b

USER
PARTICIPATION

H5

INTERNALIZED
EXTRINSIC
MOTIVATION

H7

PROGRESS

H6

H8b

Besides, among all these motives listed above, “skills
development”, “professional development”, and “social
reason” (community building, social contribution, etc.) are
determined by the context and purpose of the project itself,

H8 H8a
a

Addiction

D. Motives in Crowdsourcing
Under the drive of these theories, there are a number of
motives on crowdsourcing projects having been discovered
through various researches (see table 1). Among all these
motives, “reward” is one of the most important one, which
could be found in all motive lists of distinct crowdsourcing
projects [13, 20, 24-27], “Recognition” appeared just as often
as “reward”. However, internalized extrinsic motivation and
intrinsic motivation is relatively less found in crowdsourcing
projects [13, 20, 25].

a

Exploratory

H8

Intrinsic motivation

FANTASY

H4

INTRINSIC
MOTIVATION

B. Motivation Mechanism
Reward refers not only to some tangible monetary or
gifts, but also to some virtual goods or properties. This kind
of game element is unable to improve the enjoyment itself,
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which means it cannot enhance intrinsic motivation that
participants might feel. Once this kind of reward is cancelled,
individuals won’t continue their behavior any longer just out
of their habits[21].
However, no matter it is tangible money or gifts, or
virtual goods or properties, they are still of probability to
become the sake for participants to take part in a project.
Therefore, we hypothesize
Hypothesis 1. Reward-kind game elements are positively
associated with extrinsic motivations
Humans make ability judgments about the self and others
via comparison[28]. Festinger [29]’s social comparison
theory predicts that individuals compare themselves to others
in order to validate opinions, make judgments, and reduce
uncertainty. As an intuitive comparison result,
leaderboard/ranking could help individuals ascertain the
level of their competence. The rise of ranking is no doubt a
symbol to recognize the improvement of someone’s ability.
Compared with ranking, game elements like points/score,
level are not able to present individuals’ relative position in
the whole picture. However, as the basis of ranking and
leaderboard, the value of points and levels can be a
representative of someone’s ability. Badge or achievement is
involved when individuals’ score or level reached some
extent, which can be used as a certificate for some kind of a
“quality change” and recognition for someone. Hence,
recognition-kind game elements like ranking, scores, levels,
badges, and achievements can recognize the behavior or
improvement of individuals from different perspectives, meet
the psychological need of recognition. Topper ranking,
higher scores and levels, more badges or achievements could
be considered as purpose or incentives for participants to
take the activity enthusiastically. In another word, this kind
of game elements can enhance participants’ extrinsic
motivation. In addition, the improvement of one’s ranking,
the increase of scores and levels, the acquisition of new
badges, the fulfillment of a new achievement could provide
participants with a sense of achievement, make them realize
their accumulation and progress, which can help to turn such
a behavior stimulated by outer purpose into an internal
regulation. Therefore, by enhancing the sense of achievement,
game elements that are supposed to provide recognition
could internalize the extrinsic motivation. Based on the
reasons above, we hypothesize
Hypothesis 2a. Recognition-kind game elements are
positively associated with extrinsic motivation
Hypothesis 2b. Recognition-kind game elements are
positively associated with internalized extrinsic motivation
Another kind of game elements that could provide
participants with a sense of achievement is the kind offering
the participants the information on his/her progress. The
common game elements of this kind are progress bar and
sub-missions. Progress bar can take every efforts participants
put into account and turn it into a visible bar, so that
participants are able to get aware of how much have been
done as well as how much to be done in real-time, while the
design of sub-missions or challenges enable participants to

acquire a sense of satisfaction from every tiny fulfillment or
accomplishment until they finally meet all the acquirement
and finish their job.
Self-efficacy is defined as one’s belief in one’s ability to
perform a task[30]. Vroom [31]’s expectancy theory has
indicated the positive relationship between self-efficacy and
the effort they are likely to put. In another word, higher selfefficacy participants feel leads to more efforts individuals
may expend. In spite of the fact that most crowdsourcing
projects are lack of challenges and difficulties, there is still a
possibility that participants feel so impatient and
unmotivated. Many participants choose to give up owing to
the lack of information on how much time and efforts they
must put to reach the finishing line. However, game elements
designed to provide such kind of information can assist
participants in ascertaining where they are, how much effort
and time are still needed and give them the confidence of
their ability to accomplish the job, which in another word,
can enhance their self-efficacy.
On the one hand, progress-kind game elements are
capable of providing goals for participants to achieve and
giving constant recognition of their effort, by which can
enhance extrinsic motivation of participants. On the other
hand, these game elements can provide information on one’s
progress that can lead to a sense of achievement as well as
enhance participants’ self-efficacy and eventually increase
internalized extrinsic motivation. Hence we hypothesize
Hypothesis 3a. Progress-kind game elements are
positively associated with extrinsic motivation
Hypothesis 3b. Progress-kind game elements are
positively associated with internalized extrinsic motivation
Csikszentmihalyi [32] has brought up the theory of flow
to explain the acceptance intention and behavior of
individuals toward some specific technology. Flow is defined
as a state in which people are so involved in something that
nothing else seems to matter. What’s more important is that
when individuals are immersed in the flow provided by some
object, they are more easily to feel a sense of enjoyment and
satisfaction. In another word, intrinsic motivation will be
enhanced in this state.
Fantasy-kind game elements such as storytelling and
virtual territory are supposed to make participants inundated
with the information flow. Such game elements could meet
all four dimensions brought up by Trevino and Webster [33]
which are used to describe the characteristics when
individuals are in the state of flow. First, participants could
get a new clue or feedback when they have conducted any
specific activities, which makes the participants feel like they
are the one who are controlling the process of the whole
project; The constant feedback is more likely to grab
participants’ attention; Participants’ curiosity may be aroused
considering they might want to know what will happen next;
And ultimately the constant information flow of the virtual
story or territory could provide participants with a sense of
enjoyment and satisfaction, meanwhile users’ intrinsic
motivation get enhanced. Hence, we hypothesize
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Hypothesis 4. Fantasy-kind game elements are positively
associated with intrinsic motivation
C. Intrinsic Motivation, Extrinsic Motivation and
Internalized Extrinsic Motivation
Intrinsic motivation involves people doing an activity
because they find it interesting and derive spontaneous
satisfaction from the activity itself[34], which has an
influence on whether the application of gamification would
meet the expectation. Those companies that figure out how
to effectively use gamification to amplify the intrinsic
motivations of their employees, fans, and customers will
have a lasting competitive edge in their markets[2]. Intrinsic
motivation is one of the cardinal incentives for participants to
take part in crowdsourcing projects, as participants might
choose these tasks out of the enjoyment they might gain in
the process of overcoming the challenge and solve the
problem[20]. In a word, the effect of intrinsic motivation has
obtained a wide acceptance from scholars and practitioners.
Therefore, we hypothesize
Hypothesis 5. Intrinsic motivation is positively associated
with user participation
Extrinsic motivation is the motivation to work for
something apart from and external to the work itself, such as
reward or recognition from other people[20]. Extrinsic
motivation requires an instrumentality between the activity
and some separable consequences, so satisfaction comes not
from the activity itself but rather from the extrinsic
consequences to which the activity leads[21]. Reward and
recognition are most common extrinsic motivates referring to
the context of crowdsourcing[13, 20, 24-26], which are both
capable of becoming a purpose for individuals to motivate
themselves to take some specific actions. Hence, we
hypothesize
Hypothesis 6. Extrinsic motivation
associated with user participation

is

positively

The self-determination theory (SDT) and situational
relevance advocate that the motivational affordances of the
game mechanics are most effective when they work towards
personally meaningful goals and when users are empowered
to design or set their own goals[35]. Deterding, et al. [36]
even have a view of point that a mechanic can motivate only
when there is a match between this mechanic and the user’s
profile (needs, values and interests). According to the
definition of internalization [19], internalized extrinsic
motivations could make people “taking in values, attitudes,
or regulatory structures”, thus could align the personal goals
with the context of the project. Hence, internalized extrinsic
motivation could motivate the engagement behavior of
participants, even better than extrinsic motivation. Thus we
hypothesize
Hypothesis 7. Internalized extrinsic motivation is
positively associated with user participation
D. Task Complexity as a Moderator
According to Wood [37], task complexity is a function of
the number of distinct acts that must be completed and the
number of distinct information cues about the attributes of

the task-related stimulus object an individual has to process
when performing a task. Jiang and Benbasat [38] hold the
opinion that high task complexity can increase information
processing requirements and demand more resources from
task executors. The increase of task complexity equals the
increase of efforts and time participants must spend on the
tasks, thus they may find the awards or recognition from
others are not worthy of efforts of participating in the project.
As a result, they are less likely to be lured by extrinsic
motivation. Thus, we think
Hypothesis 8a. The effect of game elements that could
enhance extrinsic motivation will be less prominent when
tasks become highly complex.
Besides, as tasks in crowdsourcing projects are relatively
simple, repetitive, and unchallenging, individuals’ attention
to tasks may get diluted when task complexity reaches a
certain level [39, 40]. As participants’ attention are no longer
paid to the task itself, they may not be attracted by the
information flow those tasks provide and consequently get
out of the state of flow and obtain no fun from the process of
accomplishing the task. Therefore, we hypothesize
Hypothesis 8b. The effect of game elements that could
enhance intrinsic motivation will be less prominent when the
tasks become highly complex.
Things may become different when referring to the game
elements that could enhance internalized extrinsic motivation.
The internalized extrinsic motives we have discussed so far
are self-efficacy and achievement. As simple tasks that could
be done in no time, the progress bar may not play a
significant role as a reminder. However, with the increase of
the task complexity, this kind of game elements is beginning
to make a difference. These game elements can remind
participants of how much they have done and how much are
still ahead of them, thus can enhance the self-efficacy and
weaken the anxiety led by task complexity. Besides, simple
tasks may not be able to provide participants with enough
sense of achievement, but complex tasks can make it happen.
Thus, we hypothesize
Hypothesis 8c. The effect of game elements that could
enhance internalized extrinsic motivation will be more
prominent when tasks become highly complex.
IV.

RESEARCH METHODOLOGY

To test the hypotheses, a 5 (no game element vs. reward
vs. progress bar vs. virtual territory vs. point and leaderboard)
by 2 (different choice sizes of the kinds of clothes) betweensubjects lab experiments will be conducted. We plan to
design a crowdsourcing task where we will act as a clothing
company who needs to collect opinions and preferences of
customers based on their choices of clothes.
In the control group, none of game elements will be
applied and a list of clothing will be shown to the
participants who are supposed to choose the clothes they
prefer from each kind. In each of our experimental groups, a
specific game element will be embedded, so that the
motivation effect of game elements from different categories
will be examined seperately. The setting of our control group
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and experimental groups are shown in table 3. While in the
second dimension, the influence of task complexity acted as
a moderator will be tested by using two different choice sizes
of the kinds of clothes which participants are requested to
choose from.
Data will be collected from two sources, the performance
data from system log and the subjective data from a postsurvey. The time those participants have spent on choosing
clothes and the number of clothes they have chosen will be
retrieved from the system and used as the measure for user
participation. Measurement items for several major
constructs - intrinsic motivation, two kinds of extrinsic
motivation and two kinds of internalized intrinsic motivation
- will be adapted from the Work Preference Inventory [41],
which are used to assess intrinsic and extrinsic motivation.
Two different choice sizes of the kinds of clothes will be
taken as the measure of task complexity.
TABLE III.

CONTROL GROUP AND EXPERIMENTAL GROUPS SETTINGS
Game
Elements
Applied

Control
group

None

Experimental
group A

Experimental
group B

Experimental
group C

Experimental
group D

Reward

Progress
bar

Virtual
territory

Point and
leaderboard

First, this research uncovers the motivation mechanism of
these game elements, which enables us to clarify the latent
relationship between game elements and user behavior.
Second, we are more likely to find out which game elements
are more effective in enhancing engagement and
participation in crowdsourcing projects through a series of
experimental groups. Third, by categorizing game elements
and selecting representative game elements in each category
as our research subjects, we are able to discover motivation
processes of game elements. Forth, as we use task
complexity as a moderator, we may be able to identify
whether task complexity influence the application of game
elements, as well as which game elements should be selected
in varied extents of task complexity. Last but not the least, as
our model is proposed within the context of crowdsourcing,
the framework that indicates the interrelationship between
game elements, human motivation and user participation
could also be referred and adapted by other research
investigations that are not limited to crowdsourcing projects.
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Abstract—This paper discusses the new platform – maker
space under the background of "Internet plus innovation" in
China, and how to effectively promote the reform and
development of innovation and entrepreneurship, which provides
a useful reference to enhance service level and improve the
efficiency of maker space. With analysis of the relevant research
status and typical cases, this paper explores the connotation of
the maker space and the complexity of the characteristics of the
space system based on the CAS (Complex Adaptive System)
theory, and analyses the system operation mechanism. The
maker space is a complex adaptive system, and the optimization
strategy is put forward to improve the performance of the space
operation in this paper.
Keywords—CAS theory; Maker space; Innovation ecological
system; Operation mechanism

I. INTRODUCTION
Nowadays, the innovation and entrepreneurship have
become the consensus of the world. Throughout the world's
current economic development, many countries’ economic
growth is slowed down gradually into the deep structure
adjustment. To look for a new economic growth point as the
best breakthrough point, countries put forward the sustainable
development strategy based on innovation and supported by
the science and technology, such as the Internet industry
strategic planning, German industrial 4.0 plan, China's
strategy of "Internet +", etc. As the evolution trend of today's
latest innovative undertaking, "maker space "is not only the
implementation key of the strategy of" Internet + ", but also
spur new" public entrepreneurship, peoples innovation ".In
knowledge society innovation 2.0 times, the space is a pattern
in the category of entrepreneurial innovation. It is great
significance to actively develop the space with the
optimization of the integration resources, to promote the
innovation of entrepreneurship, to create new economic
development engine. This paper explores the connotation,
characteristics, the core idea of the space and the operation
mechanism combined with the CAS (complex adaptive system)
theory, through discussing the related research present
situation and the case analysis, so as to effectively promote
innovative entrepreneurial innovation and development, and
improve the efficiency of the service ability and provide

theoretical guidance.
This paper is divided into several sections. Section 2
presents a brief introduction of related works and main
purposes in our research. Section 3 discusses the connotation
of the maker space in four aspects. Section 4 analyses the
maker space ecosystem with the entrepreneurial community as
an example. Section 5 and 7 discusses the characteristics of
space ecological system complexity and the maker space
system operation mechanism. Lastly, conclusions and
expectation of the research are given in the fifth section.
II.

RELATED RESEARCH

In 2007, "Mass Innovation" was expressed in the unique
strategic vision that "we are all innovators" in the economist
magazine. In early 2015, the "Maker" called "Chuang Ke"
suddenly widely admired in China, which refers to having
independent thought, love design, innovative ideas, full of the
spirit of creation and innovation action. The Maker Space
originated from USA, such as Hackerspace, TechShop, Access
Space, Metalab, Fab Lab, etc. The maker space in Chinese
style has Chinese characteristics, which is for the mass to start
a business to build new business platform, under the
background of " public entrepreneurship, peoples innovation ".
The space combined with online and offline network platform,
diversification of product innovation [1]. In 2015, Chinese
government published “On the development of the guidance
of the business and promote the innovation in the public
space”, defined the maker space as an adaptation of "Internet
+" era requirements and characteristics of innovative
undertaking. Furthermore, it has low cost and convenience,
open characteristic of the new innovation service platform,
and its building path contains market-oriented mechanism,
professional service and capitalization approach. That
document also pointed out the key operating subject, profit
model, the space change in the degree of participation [2].The
maker space has received wide attention of the government,
academic and industry. We took "maker space" as keywords to
retrieve Hownet database, after eliminating obviously not
related articles, there were 45 articles in 2015, 18 articles in
2016, and the maker space already caught the attention of the
mainstream journals, such as CSSCI journals " Science and
technology management", "Scientific and technological
progress and countermeasures", "Management of the world",
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"Books intelligence work", other core journals such as"
China's soft science" in China. Since May 2013, at the central
level, more than 30 copies of relevant documents were
publised to support innovative undertaking. Under the support
of national policy, the space industry has developed rapidly.
According to the ministry of science and technology, before
the 2015, there are more than 70 spaces, but by the end of
2015 there have been more than 2300 spaces.
In recently years, the domestic researchers began to focus
on maker space related research. Liu Zhi-ying (2015), put
forward the "C - D - M" conceptual model, and discussed the
origin, characteristics, classification and practice patterns and
so on [3]. Lv Li (2015) discussed the relationship of the two
influence mechanism between innovation and entrepreneur,
and pointed out different types of incubators countries should
adopt different policies [4]. Zhang Na (2015) further
excavated the characteristics of the maker space in the
perspective of space contrast and combined with case studies,
[1]
. Wang You-mei (2015) put forward the functional features
and space function model, operation mode and development
and service types through in-depth analysis maker spaces at
home and abroad [5]. Chen Feng (2015) analyzed the core
mechanism, the spatial characteristics of ecosystem, the
structure and mechanisms, and spatial performance
improvement path, from four dimensions view of ecological
space system, according to the maker spirit, makers ecosystem,
resources ecosystem and the foundation of platform and
entrepreneurship policy [6]. Liu Chun-xiao (2015) discussed
the present situation and the management pattern of maker
spaces, and how to create Entrepreneurial ecosystem in the
age of innovation 2.0 [7]. Qiu Jin-you (2015) proposed to
integrate the core values of library into the construction and
operation of maker spaces [8]. Wang Zhan-ren (2016)
suggested that innovation entrepreneurship education based on
maker space is the future of the university education forward
field
and
important
supplement
based
on the
investigation interview of the national 25 maker spaces [9].
CAS (complex adaptive system) theory was put forward by
Holland in 1994, which is a "complex macroscopic collection"
of relatively "similar and partially connected micro-structures"
formed in order to adapt to the changing environment and
increase its survivability as a macro-structure according to
certain the implementation rules of the nonlinear interaction.
Ren Jin-luan (2002) identified innovation system as a complex
adaptive system (CAS). CAS theory can broaden the
innovation system research from a new view, which will help
us to know more features and elements of the maker space.
Chen Yu (2001) pointed out that CAS are systems that have a
large numbers of components, that interact and adapt or learn
with the external environment to understand and describe
complex systems [10]. Although CAS theory is at a start-up
and perfecting the summary stage, but the basic idea are
widely used in the economic and management, ecological, and
other fields.
Through the above related research, We found that the
maker space integrated all kinds of factors of entrepreneurial
innovation service using the Internet thinking, whose
innovation pattern was implemented jointly by individuals,
government, Internet companies, universities, research
institutions, venture capital institutions, intermediaries ect.,

under the background of "Internet +" and innovation
ecological system environment, and the space is good fit with
the characteristics of complex adaptive system. From the
perspective of the complex adaptive system, the space is based
on the open spirit of the Internet with participation of multiagent, comprehensive business innovation ecosystem, not only
can provide entrepreneurs with innovation space, also can
provide a full support, and constantly improve the
comprehensive innovation service ability.
III. THE CONNOTATION OF THE MAKER SPACE
The maker space is different from the traditional incubators,
science and technology parks or Hackerspace, it is the new
innovation service mode driving by the Internet and the
development of modern information technology with the
double spiral way. As the innovation subject, the public
especially for all public entrepreneurial innovation is
aggregated and make fusion effect through the creative subject
for joint participation. The maker space contains physical
space for work, network community, the virtual space of the
Internet communication platform ect.. There are several
aspects of the maker space connotation which are following as:
First of all, the space is a kind of public innovation which
the masses participate in, the subject is the public. The masses
can actively pursue the culture spirit of the open source,
sharing innovation and creation. Individual maker has equality
of opportunity and innovation organization always is strongly
dynamic, there are not highly close linked the interest
community among innovation subjects, but a weak
relationship based on creative collaboration or interests. Eric
Von Hippie (1988) put forward the democratization of
innovation opportunities, while the maker space model may
provide the possibility of creating this opportunity. The
essential characteristic of the space model is that everyone has
the chance to innovation, it brings the long tail effect with
significant difference from the characteristics of the traditional
innovation mode. The equality of innovation resources also
makes the public have a chance to obtain innovation resources.
The space to capture and transit creative inspiration, is a
combination of knowledge and practice experience and its
derivatives, is a combination of innovation practice and
innovation idea.
Secondly, the space is an opening and sharing platform
based the Internet. The development of network technology
makes mass with different specialties from different areas
together to participate in the innovation of the interdisciplinary
activities. The space can eliminate the barriers of time and
space, different innovators in the field of knowledge exchange
and share ideas, promote cross-border thinking, create new
wisdom. The maker space depends on the combination of
online and offline to implement interactive shared social
platform to provide work space and resources information for
the purpose of the mass innovative entrepreneurs.
Thirdly, the space of the main advantage is that "the low
cost and more convenience". The spaces are opening to the
public, only charge a little bit of the service fee or take the
form of membership, which greatly reduce opportunity cost
and risk of the past mode, and allow entrepreneurs to grow in
the environment of low cost. Sometimes certain cost is
required at the beginning of the innovation stage, but it is
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controllable at most time. All the spaces make full use of
existing regional conditions to provide required equipment and
venues for innovation, and at the same time provide legal
justice, industrial and commercial registration, application of
subsidies, such as one-stop services.
Finally, the maker spaces form a new innovation and
entrepreneurship ecosystems [6]. The space is different from
traditional science and technology park, it has more quantities
and more rich roles. Also be different from traditional
incubator, it is lower threshold, wider and more convenient
services. It is the ideal innovation field, also can provide
makers with a comprehensive innovation service ecological
system. Characteristic value of the maker space is to provide
the auxiliary entrepreneurial innovation service. Different
forms of the spaces take a different approach, they provide
different levels of service value for entrepreneurs. Although
different spaces have the different nature and patterns, they
can actively integrate talents, technology and other elements,
to provide a full range of one-stop service for innovation and
entrepreneurship, because they have the strong fusion ability
of all resources and elements.
IV.

and communication space make information transfer more
open between entrepreneurs and investors, reduce the
occurrence of malicious rent-seeking and other false behavior,
let makers fully focus on creative jobs, and efficiently push
talents converging, resources agglomeration, service
agglomeration, information gathering. The biggest difference
between entrepreneurial community and the traditional
incubator lies in the "connection", such as interpersonal
connections, and space connection, connection with service,
and the connection with the environment. The model is shown
in figure 1 to present the innovation space ecological system
schematic diagram, to display the connection between the
elements and the environment. Through mutual influence,
interaction between the elements and interdependence, created
capital chain, employment chain, industry chain and value
chain, formed a variety of different state combination, jointly
safeguard the stability of the innovation and entrepreneurship
ecosystem.

THE MAKER SPACE ECOSYSTEM ANALYSIS-TAKING THE
ENTREPRENEURIAL COMMUNITY AS AN EXAMPLE

The maker space is a complex adaptive system according
it’s definition. John Holland (2001)，in his book “emerge:
from chaos to order”, mentioned peculiar mechanism of the
complex adaptive system, which includes identification,
component and internal model. Identification can tell the
difference between the subjects and play role in the process of
the generated aggregate and boundary. Each innovation
subject of the maker space ecosystem has its own unique
identifier, such as government support, enterprise financial
strength, research ability of scientific research institution, etc.,
and the spontaneous form of cooperation or interest alliances
which are in accordance with the common aim or interest. The
building blocks consist of soft elements, such as the space
capital, information and other hard elements of ecological
system and talent, process, mechanism and technology.
Existing rules can form the original building block of the new
rules and the solution of the problem. The different level
subjects have complex internal mechanism, and the rules of
the low-level building blocks are deduced high-level rules to
adjust the structure to adapt to the environment development.
In the time of the modular management, the nonlinear
interaction of different modules mechanism is different levels
within the system to realize a key link in the process of
emerging phenomenon.
Zhong Guan Cun international center provides such a
typical innovation platform for to integrate the "building
blocks" efficiently, which is called entrepreneurial community.
Venture fund companies use big data of enterprises and
scientific research institutions to build jointly in "hatch + bank
+ investment" mode of entrepreneurial platform, which
provides the social environment and the ecological
environment of innovation service using the talents, resources
and the Internet GIS technology. With the aid of micro
mechanism, entrepreneurial community uses network space
and resources sharing space to tie tightly capital chain and
business markets. In addition, fully transparent work space

Fig.1. The maker space ecological system schematic diagram

V.

THE ANALYSIS OF CHARACTERISTICS OF SPACE ECOLOGICAL
SYSTEM COMPLEXITY

The maker space can be very good understanding of the
structure characteristics of the system from the perspective of
complex adaptive system. Zan Ting-quan (1991) in order to
facilitate in the research of economics, thought system is
composed of the economic elements. there is mutual
connection and interaction between subsystems and economic
elements [11]. Based on this, the maker space can be formally
defined as:
S=(A,B) 
With A is hardware part of the system, that is the elements
set, including basis points each participation subject, flow
elements; B is for the system software part, that is the
connection between the elements set and function, including
gathering, emergence, nonlinear, adaptability of active
relations, can be used to depict the nature, conditions and rules.
A. Flow,Gather and Diversity
"Flow" refers to the evolution process of material flow,
information flow and energy flow between the individual and
the environment that have been associated with system. The
flow of the ecological space system refers to exchange of
material, information and energy of multiple subjects between
the internal system and external environment, and between
individual, government, enterprises, universities, research
institutions, venture capital institutions, such as intermediaries.
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The innovation-oriented maker space speeds up the evolution
of the system, in the process of its operation, the material flow,
cash flow, information flow, personnel flow and coordinated
degree directly affect competitive advantage in the innovation
ecosystem."Gather" refers to the aggregation of individual,
through interaction and the emergence of complex behavior.
In order to form micelles and rationally allocate resources,
more subjects jointly cope with the change of external
environment. In the CAS system, when any subject in the
ecological system come into a new field, all of the other
collaborative and
interactive subjects have to adjust
themselves, result of which is diversity.
B. Nonlinear and Active adaptation
"Nonlinear" refers to not a simple linear relationship when
the individual and their characteristic attributes change, and
especially during interaction between the system or
environment in the back and forth. Direction of subjects is
"active", they have actively towards the reasonable state
involved, timely feedback on each other's actions, and
promptly improve their behavior. In the development process,
those make all the maker spaces unceasingly rich and colorful.
Arthur (1999) argued that sometimes the complex adaptive
system between individuals was too small to be difficult to
observe, and the interaction between random by positive
feedback which produced dramatic amplification results
cannot be measured [12]. In order to observe the influence of
nonlinear effect on the maker space by the subject and the
environment, we build following function:
H (S, E) ∝ G * f (a. Sa, b. Eb)
where, "S" is the "subject space, "E" is for internal and
external environment, H (S, E) is a space parameter derived
from the coupled action of subject and the internal and
external environment, G is a comprehensive parameter; α、
βis coefficient of S、E respectively; a 、b is the number of
elements contained by S, E respectively. Here we introduce
the innovation vector Y to describe the evolution of the space
shown in Figure 2 . Overall, with the increase in H, the maker
space H presents a steady increase in long-term volatility. The
dotted line in the figure indicates that there may be a recession
in the process of evolution.

Fig.2. The maker space nonlinear evolution path diagram

C. Emergence and Environmental complexity
The macro economy, legal system, innovative culture,
credit cooperation environment provide and support the
innovation platform and space, and change over time for
dynamic innovation, but the random uncertain changes
increases the innovation ecosystem and space complexity. The
key characteristics of CAS theory -- "emergent", means that
the subjects produce a qualitative leap through continuous
learning and adapt to environmental changes caused by
mutations on macro system structure and performance.

[14]

.Mckelvey (1999) argued that complex adaptive system
under uncertainty environment had strong survival, growth
and innovation ability, and lead to self-organization, emergent
behavior [15]. Each emergent property in all as shown in figure
3 is a space at different stages of development. There is a lack
of emergent in the space initial stage, with its continuous
development, emergent is become stronger at stable stage, and
growth tends is to be the biggest. In addition, the space is an
unique innovation service platform contained more
technologies, reflected in its stage of development bound to
experience circuitous state, only down freely to promote the
innovation of victory. At the same time, the world entered into
the era of "building block innovation", it covers two aspects of
meaning, the one refers to the innovation activities of the
elements of the transverse combination, the other refers to the
vertical combination of each stage of development, and will
cause a new wave of innovation.

Fig.3.The maker space relationship between the emergence and stage of
development

VI.

THE MAKER SPACE SYSTEM OPERATION MECHANISM
ANALYSIS

The mechanisms indicate relationships among all the
organisms, the function and connect with each other. On the
whole ecological system space, the innovation mechanism is
the innovation subject coordinated the relationship between
the elements in the complex external environment, in order to
better play a role of specific operation mode. Because of the
space complexity of subjectivity, active adaptation and
environment, we need certain innovation mechanism to
provide safeguard to realize the utility maximization of the
space. The basic elements of space operation are the public,
goods, capital, information, etc.. Based on the foregoing
ecological system, we describe the operation mechanism of
value chain of ecological space system, as shown in figure 4.
It can be found in various stages of the value chain, the maker
space provide different innovation service system, promote
innovation entrepreneurship by efficient mechanism to
achieve system function. There are four core mechanism:
credit guarantee mechanism, organization and coordination
mechanism, the mechanism of value creation, interactive
feedback mechanism:
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incubator and tracking service and make the space system
keeping in the steady state.
In addition, there are some other mechanism in maker space,
such as the metabolic mechanism to ensure maker space
vitality, network nested mechanism to maintain efficiency of
resources integration of the space, dynamic promoting
mechanism to boost the running of space life cycle, etc. Those
mechanisms together play the key role in innovation and
entrepreneurship in space ecological system.

Fig.4.Maker space ecosystem operation mechanism Based on the value chain

The credit guarantee mechanism. The maker spaces cover a
multitude of subject with the help of the Internet trading
platform and space online mode. There is no doubt that it’s
based on the credit guarantee of the subjects as the premises.
Based on big data technologies, social network, the maker
spaces pay more attention to reflect the credit situation of
"software information", which ensure real information and the
development of space online activities, such as for industrial
and commercial registration. Dig up the credit risk and the risk
of fraud information, thus promote innovation activities
orderly.
The organization and coordination mechanism. Relationship
of the effective coordination between different subjects is the
basic conditions which the spaces carry out successfully. The
interaction among individuals, government, enterprises, and
financial institutions can produce better products and services.
Intrinsic motivation of each participation that subject produces
mutual cooperation can strengthen the innovation supply
ability of complementary advantages, and show significant
scale effects, namely system involved in the subject. The more
immediately, the more the content of interactive feedback can
produce nonlinear expansion effect, and promote each kind of
factor to spurt to create greater value.
The mechanism of value creation. Under the "invisible
hand", all the innovation subjects take realization of the value
maximization as the behavior guidance. Based on the various
types and properties of different subjects, the target of the
value is different. The maker space model has two escorts, low
cost and high efficiency, to produce high quality innovation,
thus progressive transformation, to promote the participation
subjects to obtain the corresponding value. The maker space is
a kind of open innovation model, the whole integration flow is
widely used inside and outside with the organization
innovation resources, and all kinds of subjects of
entrepreneurial innovation which have can create multiple
benefits.
The interactive feedback mechanism. The participation
subjects in maker space carry out service activities of
innovation and entrepreneurship in the macroeconomic
environment, legal system and credit cooperation environment.
Then, a perfect operation system is gradually formed along
with exchange of material and energy, with the help of the
flow of talent and technology resources, and adaption to the
environment. Positive and negative feedback control system is
the intrinsic mechanism which can undertake secondary

VII. THE CONCLUSION
Based on CAS theory and related research, this paper
clarified the meaning of the maker space and its core idea,
elaborated the space which had diversity, complexity and
nonlinear characteristics, active adaptation and emerging. This
paper used entrepreneurial community in Zhong Guan Cun
international center as an example to analyze the space
ecological system, put forward the system based on value
chain operation mechanism. Through the above research, we
present some basic optimization strategies as following:
Firstly, we need condense the maker spirit, strengthen the
mutual learning between the subjects, improve the legal
system, and build a good environment for innovation
entrepreneurship. Secondly, we need increase accumulation of
entrepreneurship resources, raise the overall strength of the
hardware and software, seek innovation consistently, and
make rich creativity of ecosystem. Thirdly, we need build core
carrier, drive product innovation and collaborative innovation,
broaden the government support, set up multi-level financial
guarantee forms. Finally, the most important is to perfect the
operation mechanism based on powerful information network
integration service resources, thus get through the
collaboration of industry value chain, overcome the
downstream bottlenecks, promote the construction of high
level innovation space, optimize the ecological environment
and improve the ecosystem performance.
In the future, we will continue to explore a new generation
maker space with Chinese characteristics. Based on our
research, it will provide a useful reference for the reform of
the field of innovation and entrepreneurship, service
capabilities and efficiency of platform, and deeply build the
research foundation for the quantitative research of space
ecosystem in the next research step.
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Abstract—Some of the major problems lead to the failure of
crowdsourcing, like low response rate and unqualified submission, are related directly to the participants’ lack of motivation.
However, it is not well understood how incentives influence
crowdsourcing participation. This paper proposes a role fulfilment model from a sociological perspective to understand motivation in crowdsourcing. According to the requesters’ expectation,
the participants should take the roles of workers. It means that
they should respond effectively in a satisfied quality with serious
attitude towards the tasks. However, especially for mundane
crowdsourcing tasks, the participants are less likely to take
ownership of the tasks. Based on the related role requirements
of fun, reward and killing time, they will be less likely to treat
tasks seriously. To resolve the role conflict, the proposed role
fulfillment model helps participants feel more involved in a closeknit task oriented group. The experiment results support that
such an approach can enhance the participants’ motivation in
crowdsourcing.
Index Terms—Crowdsourcing; role theory; role fulfilment
model

I. I NTRODUCTION
Crowdsourcing refers to an online, distributed problemsolving and production model involving open-source practice
[1], [2], [3], [4]. Crowdsourcing outperforms the traditional
industries with improved efficiency and reduced cost. It has
several obvious advantages: (1) aggregating vast of crowd
wisdom with an acceptable cost [5], (2) involving diverse participants and opinions [6], (3) offering a facilitate to exchange
ideas [7], and (4) avoiding the waste of time on unnecessary
communication and compromise [5].
Some famous crowdsourcing platforms, such as Amazon
Mechanical Turk (mTurk), offer a marketplace for online
work. The requesters post tasks and offer compensations while
the participants (a.k.a. workers) can contribute to the tasks.
Some of the tasks, such as logo design, require specialized
skills. Others are open to all without special requirements.
For example, a website may invite diverse people to assess
its human computer interaction design via crowdsourcing. We
refer to the latter category of crowdsourcing tasks mundane
tasks. The participants who respond to this kind of tasks
do not need to possess specific skills. Corresponding to this
fact, these participants are not motivated by factors such as
to develop their abilities. In order to motivate participation
in mundane crowdsourcing tasks, existing approaches mostly

focus on providing workers with incentives according to
various considerations [8], [9], [10], [11], [12], [13], [14], [15].
In this paper, we explore the impact of organizing workers into
teams to play different roles on their motivation to participate.
Brabham [1] emphasized in his understanding about the
agenda for crowdsourcing research that we need to understand
how members of the crowd feel about their roles in the
crowdsourcing process. This paper tries to understand the
participants’ motivation in crowdsourcing from a sociological
perspective. We introduce the concept of role to understand
crowdsourcing workers’ motivation. The absence of traditional
roles, such as peers, around a member of the crowd can
lead to conflict between role requirements of the individual
and role expectations from the requester. This conflict will
negatively impact the worker’s motivation and participation in
crowdsourcing.
In this paper, we propose the Role Fulfilment Model
(RFM) to solve the role conflict while try to understand the
relationship between the fulfilment of absent roles around
workers and their motivations in crowdsourcing. We focus on
mundane crowdsourcing tasks where diverse participants work
towards a single goal (the task) with little compensation. These
participants can be seen as a task organization group.
The rest of this paper is organized as follows. Section
II introduces related studies of motivation in crowdsourcing.
Section III describes the RFM and how it can help resolve
the role conflict and enhance the participants’ motivation.
Section IV describes the experiment design, and analyzes
the results. The paper concludes with a summary of the
potential applications of the RFM in crowdsourcing and gives
an overview of future research directions.
II. R ELATED W ORK
Motivation research aims to explain the factors driving
people to take a certain course of action [16]. It is a popular
area of research in crowdsourcing due to the fact that the lack
of high quality responses is a major cause of inefficiency
in crowdsourcing [17]. A crowdsourcing service provider
who builds the task marketplace must strive to build good
relationships with the crowd. The organization must study the
daily activities of the crowd in the platform. This can be an
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effective way to make the participants respond to the tasks
proactively with serious attitude.
Current motivation research in crowdsourcing categorized
motivation into two types: 1) intrinsic motivation and 2) extrinsic motivation. The former is generated by the participants’ internal decision-making processes. Intrinsic motivations include
fun, sense of accomplishment, and killing time [1]. Another
form of intrinsic motivation is community based motivation
such as social interaction, charity and customer loyalty to the
requesters or the crowdsourcing platform [18]. Extrinsic motivation rooted from people’s desire to achieve something in the
environment [17]. The most common extrinsic motivation is
payoff. This payoff can be monetary (e.g., money or vouchers)
[1], [18], [19] or non-monetary (e.g., skill improvement) [1],
[18].
Specific to mundane task crowdsourcing, since it is always
unrelated to any specialized skill, there are few participants
motivated by skill development, work opportunity, or keeping
in touch with the industry trends. Therefore, non-monetary
extrinsic motivation can hardly motivate the workers. Besides
common intrinsic motivation and money, we focus on the sense
of accomplishment and the social communication motivation
in this paper. Furthermore, we propose more detailed metrics
based on the role theory.
III. ROLE F ULFILMENT IN C ROWDSOURCING
A. Preliminaries
Role theory uses the item of role to describe and analyze
individuals’ behaviors in social interactions. Role is a basis for
individuals in a society to communicate with each other. Roles
reflect norms, attitudes, contextual demands, negotiation, and
the evolving consideration of situation which are commonly
understood by all members of a society [20], [21], [22]. The
understanding of his/her role can affect an individual’s goal,
and behavior pattern [23]. This effect happens through the
interaction and compromise among the role requirement and
self-concept of an individual and the role expectation from the
society or organization to which the individual belongs [24].
McClelland [25], [26] proposed the theory of achievement
motivation within a small group of people who work together
to complete a specific task. This theory emphasized the close
tie aiming to achieve a common goal within the group of people. This kind of groups can be an entrepreneurial organization
or other types of groups with similar institutional architecture.
Group role motivation is generated based on McClelland’s
theory. It defined several role requirements in a healthy and
effective group [27]. The following three can be applied to
crowdsourcing:
1) Affiliation Requirement: As social animals, human beings are used to work together. They have the desire
to interact socially and cooperate with others, especially their peers. Psychological and management studies
offered evidence that the lack of interaction may jeopardize both group work and group members’ emotion
[27].

2) Acceptance Requirement: Group members have the desire to identify their roles in the society. A stable and acceptable role can make the individuals feel an increased
sense of belonging [28]. Furthermore, individuals need
the sense of being reaffirmed by someone else from the
same group to feel safe [29]. This support is mutual.
While the group satisfies the members’ role requirements, the group members can find and take their roles
more smoothly [30]. This positive relationship between
the group and its members can enhance motivation and
enhance effectiveness [31].
3) Feedback Requirement: Group members need to get
feedback from peers and the environment to make
understand whether they are doing well. This can be
manifested as the establishment or termination of trust
relationships [32], [33], [34]. Otherwise, they may feel
uncertain about their work process and quality. Besides
this, they also desire favorable attitudes from their peers.
These interactions can stimulate positive emotions and
enhance group members’ motivation [35].
B. The Role Fulfilment Theory
The majority of motivation studies in crowdsourcing focus
on the relationship between the participants and the work or
the crowdsourcing platform. They ignore the social aspect
of working in crowdsourcing which can be explained by the
motivation studies in role theory.
The integration of role requirements of an individual in an
organization can be abstracted as the role he/she would like to
play in the organization. For example, if someone desires to
control the process of team work and organize the coworkers,
that means he would like to take the role of the “leader” in
the group. The organization will also have expectations on
the individuals’ behaviors and attitudes. Those expectations
coalesce into the role which the organization would like a
member to take up.
The coherence between these two roles on one individual
is the key toward building a positive relationship between
the individual and the organization. According to the role
theory, the common beliefs and understanding of the members’
roles can lead to both individuals’ feeling of comfort and
the effectiveness of the group. Otherwise, when the roles
which the group would like the members to take conflict
with the members’ role expectations, the organization will face
disruptions.
In crowdsourcing, the unqualified work and low response
rate are products of a worker’s role conflict. To the requesters, the role of each participant is “worker”. The worker
is expected to perform effectively with high quality, take
responsibility for their work, and complete the tasks in a timely
manner. However, because of the online and individualized
working environment, lack of understanding about the task
and the requester, and unfamiliarity with the task content,
the participants often not perceive themselves as workers in
the traditional sense. This is especially the case for mundane
tasks due to the boring task content and the lack of technical
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Fig. 1. The logical framework of the Role Fulfilment Theory (RFM) for crowdsourcing mundane tasks.

requirement. In this case, the participants may see themselves
as unrelated “passers” who does the tasks just to kill time and
earn some payoffs.
When the participants consider themselves as “workers” just
as the requesters intended, he/she will hold a different set of
role requirements. For the majority of the individuals, their
understanding and requirements of the role of worker comes
from their working experience in the traditional industries.
Based on this origin, the work will require affiliation and
feedback from the peers, and acceptance from the group. In
other words, the “worker” needs to feel that they are working
in a group with some others. The logical framework of the
RFM is summarized by Figure 1. By matching workers’ role
requirements with the requesters’ role expectations, workers
could be better motivated to perform mundane tasks. With the
RFM, we conduct an empirical study to investigate if the above
hypothesis holds.
IV. E MPIRICAL E VALUATIONS
According to the proposed RFM, we designed a crowdsourcing open call to ask the participants to label pictures. We
released the task on one of the most popular social networks

– Weibo1 – which can be regarded as the Chinese equivalent
of Facebook. Notice that not all the role requirements are
conscious [27]. Individuals are either not willing to talk about
it, or are not aware of the different types of motives. Therefore,
studies in this field need to be able to extract these motivations
indirectly instead of asking direct questions.
A. Experiment Design and Evaluation Metrics
Our empirical study consists of the following steps:
1) Step 1: Design a mundane crowdsourcing task (Task
1). Participants are presented with pictures and asked
to label the emotions expressed by the given pictures.
The task is simple and requires no specialized skill.
The emotional strength shall be expressed on a scale
between 0 (none) and 5 (extremely strong). The options
for the emotions are Ekman’s six basic emotions (i.e.
happy, sad, angry, bored, surprised, and excited) [36].
An example of the task is shown in Figure 2. At the end
of the task, the participants are also required to report
their opinions about the task.
1 http://www.weibo.com/
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A and Group B.
2) Responsibility: At the end of each task, the participants
need to answer a multiple choice question “What does
this work mean to you?”. The choices are: “I regard the
work as a game”; “I regard the work as a serious task”;
“I regard the work as a burden”; “Nothing, I was just
killing time”. This answer is used to assess their attitude
toward the tasks.Furthermore, we embed a same mistake
in both Task 2A and Task 2B. The scale under one of the
pictures is 2–7 instead of the normal version of 0–5. If
the worker pays enough attention to the questions, they
can find this problem easily. We can use the report rate
of this error to measure their sense of responsibility.
The better the performance as reflected by these metrics, the
stronger the evidence of role fulfilment and motivation among
crowdsourcing participants.
B. Results
The experiment was run on Weibo for one week. At the
end of Task 1, 40 participants returned valid responses. They
are all Chinese. Thirty two (80%) of them are female while
eight (20%) are male. The age and gender distributions of the
participants are shown in Figure 3.

Gender

2) Step 2: Design the second task (Task 2). The nature of
Task 2A is very similar to Task 1 but with different
pictures. To support the further comparisons, we designed another task (Task 2B) with the same content as
Task 2A. However the latter one contains a statement
at the beginning stating that “This is teamwork and
some other participants will proceed based on your
answers.” Furthermore, we insert several questions, such
as “Would you like to be a leader in your team?”, into the
labelling work to remind them that they are collaborating
with others.
3) Step 3: Release Task 1 on Weibo.
4) Step 4: We separated the participants in Task 1 equally
and randomly into two Groups A and B. Then, we sent
Task 2A to Group A and Task 2B to Group B.
5) Step 5: We spelt out the requirements of “worker”
to Group B with the purpose of getting them to feel
that they are working in a target oriented group. We
used a controlled Weibo ID to play the role of their
peers. This ID communicated with the participants in
Group B with the information about their process, the
complaint about the task, and other feedbacks. During
this communication, we attempt to provide a way to
satisfy the requirements of affiliation and feedback of
peers, and acceptance of the group for participants in
Group B.
6) Step 6: Collect the responses to Task 2.

Male

Female

<21 21~40 41~60 >60
Age Group

Fig. 3. The demographics of the study participants.

Fig. 2. An example task. The task asks a participant to label the presence and
strength of various emotions in the picture. Options for the emotions include
“happiness”, “sadness”, “anger”, “boredom”, “surprise”, and “excitement”.

To understand whether the participants can satisfy the role
expectation of the requester, we need to analyze their response
effectiveness, and responsibility. We use a combination of
self-report and performance observation to measure these two
factors:
1) Response Effectiveness: We measure the response effectiveness by comparing the response rates between Group

We then divided the 40 participants randomly into two
groups of 20 each, and sent Group A Task 2A and Group
B Task 2B. At the end of Task 2, 8 out of the 20 participants
in Group A submitted their work. The response rate is 40%.
Meanwhile, 16 out of the 20 participants in Group B submitted
their work. The response rate from Group B is 80%, which
doubles that of Group A. The distribution of the number of
responses to Task 2 across different age groups is shown in
Figure 4.
To understand the participants’ sense of responsibility, we
analyse their answers to the survey question “What does
this work mean to you?”. The distribution of perceptions by
participants from different age groups for Task 1, Task 2A
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Fig. 7. The distribution of perceptions by participants (Task 2B).

and Task 2B are shown in Figure 5, 6 and 7, respectively.
The participants who regard the task as a serious work can be
regarded as a statement of responsibility to the group. It can
be observed that the percentage of participants with serious
attitude in Task 2A is 12.5%. This number is close to the
one in Task 1 (15%). At the same time, more than 56.25%
of participants regard Task 2B as serious work. This shows
significant evidence that, when the people believe they are
playing a certain role in a team, they are more likely to take
the mundane crowdsourcing task seriously.
Furthermore, 3 participants in Task 2B reported the mistake
purposely embedded in the test question while no one in Task
2A reported it. This result can also support our hypothesis that
Group B who believed that they were playing a role in a team
working on Task 2 show more sense of responsibility.

21 to 40 regards the task as serious work. A possible reason
behind this observation may be that this age group contains
working age people who are most familiar with and keen to
teamwork. The environment and mental model from their daily
life influence their behaviors in crowdsourcing.
We also found that the RFM did not work well within
the younger group under 21 years old. It maybe because
that people in this age group tend to be students who are
more accustomed to working individually instead of playing
significant roles in teams.

C. Discussions
By cross-analysis, we found that the RFM reaches is the
most effective for people in the age group 21–40. Within this
age group, only 13%–15% of participants regard Task 1 or
2A as serious work . For Task 2B, 60% of participants aged

V. C ONCLUSIONS AND F UTURE W ORK
Fulfilling the participants’ role requirements as workers can
address their role conflict in crowdsourcing. These requirements include affiliation to a group, acceptance by a group, and
feedback from the peers and the environment. The harmony
between role expectations from the requesters and the role
requirements from the participants can motivate and lead to a
more productive crowdsourcing environment. Through a realworld empirical study, we demonstrate that by infusing the
proposed RFM as a motivation mechanism in crowdsourcing,
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participants’ attitude towards the mundane tasks become more
conducive for achieving good quality work.
In subsequent research, we proposed to include more variables in the RFM into the empirical study. We need to investigate the influence of personal factors such as age, gender,
personality, and working status on the effective of RFM.
Findings from such studies may eventual yield computational
algorithms to help the crowdsourcing platform and requesters
to form productive teams of participants automatically.
RFM could impact the technological foundation of crowdsourcing platforms as well. In the future, artificial agents could
be infused into a crowdsourcing platform to take up the role
as the coworkers around the isolate workers to fulfill their
role requirements. The agent can be either anthropomorphous
or just an intelligent messaging system. We will study the
effectiveness of these types of artificial intelligent agents in
fulfilling the absent roles in mundane crowdsourcing tasks.
The role fulfilling system may also affect the long term
relationship between the participants and the crowdsourcing
platform. To understand this aspect, we plan to conduct long
term observation experiments in the future.
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Abstract—Diffusion of information can be found in any social network, either it be a small network of co-workers or
large as social networking applications like Facebook, Twitter,
LinkedIn, etc. In this paper, we propose a system to analyse
the correlation amongst the group of people and build the
influential relationship between them, based on the diffusion
of emotions within the network. Basically we track the facial emotions of all the participants in the network, based
on the reaction and action taking place in the network we
construct the existing influential graph in the network; which
is a weighted graph and weights represents the influence
between each pair of nodes. Considering that the number
of participants in the network varies, so to maintain the
robustness and scalability of the proposed algorithm we have
incorporated multi-agent paradigm in our model. Further, our
results were validated by analysing a scripted discussion done
in our laboratory. Such knowledge of the influences among
the participants of the network, could be used to find the
influential individual; further can find many applications such
in consensus, negotiation, viral marketing, etc.

1. Introduction
A social influence is the behavioural change of a person
because of perceived relationship with other person. In the
recent years, many works were proposed to analyse the
social correlation in the social network comprising of small
group of people or large social networking applications
like Twitter, Facebook, etc. Social correlation in the larger
networks like Facebook, Twitter were analysed as discussed
in the works [3], [4]; which tracks the online actions to build
the correlation. Similarly, there are many works to analyse
the social correlation based on the multimedia data of the
workgroup, social gathering, etc., by tracking their body
pose, interaction frequency,speaking and writing frequency
etc., as discussed in [1], [2]. Briefly, most of the existing
works to analyse the interaction in the small group, the
social interactions focuses on the pose detection, namely
head pose, shoulder pose, hand pose or their interaction
interaction, etc. However, few attempts were taken to anal-

yse the social influential correlation based on the facial
emotions.
In this paper, we shall discuss a facial emotion based
social correlation analysis among small group of people,
comprising of co-workers in discussion, members in the
business meeting, etc. In any such groups, people have
the tendency to come together and form virtual groups. In
these virtual groups, the actions of the influential person
is propagated to others, mainly because of three factors;
cofounding, homophile and social influence [5]. According
to homophile and cofounding; two individuals are most
likely to follow each other because of factors like common
interest, friend, colleagues, etc. Such factors are mainly
decided on their background information, such as their
profession, knowledge of the topic of discussion, age, family
ties,etc. Because, based on these parameters, we can find the
existence of some kind of social ties two person; such as
boss and employee relation, siblings, collogues, scholar of
same field, etc. However, the analysis of influence is purely
based on tracking the action and the corresponding reaction
between any pair of persons; where, the action can be a pose,
talk (spoken sentences), emotion, interactions, etc. In our
work, we are focused on tracking the emotion and talking
sequence of all the participants to analyse the influence
amongst them. Also, facial emotions can be considered as
one of the important action for human communication and
understanding the social relationship between them, because
when an influential person has a emotion people around
him/her can read it and react according irrespective of the
words spoken or any body pose. So in this work, we focus
on human emotions to understand their correlation, also
emotions are voluntary reaction on any action, so could
depict the appropriate feeling of the person for an particular
person in the network. In order to maintain the scalability
[6] of the proposed algorithm, we have adopted multi-agent
paradigm, where each participants in the network is treated
as homogenous autonomous agent.
In this paper, we have made two main contributions:
(i) social influential correlation building algorithm based
on emotion diffusion analysis in the network, (ii) Profiling
algorithm to label all participants based on the available data
of each nodes. Apart from this, the testing video dataset,
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which was a scripted discussion, could be used to build the
similar emotion based systems.

1.1. Architecture
The architecture of the system is depicted in the figure 1,
which consist of two main modules, facial emotion analysis
and social correlation analysis. A captured video data of
the social network is first pre-processed and later passed
through these two modules. As previously mentioned, each
individual is handled by homogenous autonomous agents,
these agent interact with the two modules; facial emotion
analysis and social correlation analysis, independently. Finally a weighted graph representing the correlation among
these agents, is obtained as the output of the system. Briefly,
our whole work is divided into two main steps; facial
emotion analysis and social correlation analysis, using the
machine learning techniques and social dynamics concepts
respectively. Later, implementation of the whole system is
realised in multi-agent paradigm.
The rest of the paper is organised as following. Section
2 explains the details about facial emotion analysis, which
is divided into two main steps; feature extraction and emotion recognition by comparing different classifiers. Section
3 explains the social correlation analysis along with the
all the node centrality algorithm and correlation building
algorithms. Section 4 presents the experimental results that
validate our proposed algorithm. Finally, we conclude and
provide the future work.

2. Facial Emotion Analysis
In the proposed work, the system expects a frontal
video data of a group of participants discussing or in a
business meeting. Wherein, change in one’s emotion being
induced on the other’s emotions can be observed. This video
data is first pre-processed; which includes : framing of the
video and cropping the frontal image in all the frames.
Locating and cropping is done using Voila Jones algorithm
[7]. These, processed frontal frames for all the participants
along with the talking sequence 1 of all the participants in
each frame is recorded; where the actions include, emotion,
talk sequence or both based on the metadata. After the preprocessing, we detect the facial emotion in all the fames in
two stages, namely (i) Features extraction and (ii) Emotion
classification, as discussed below.

2.1. Facial features extraction
Feature extraction is done in two stages: tracking the
facial feature points; namely eyes, eye brows, nose, lips,
etc., and then extracting the shape and appearance feature
vectors around these detected feature points. The shape
feature vectors basically resembles co-ordinates (x and y) of
all the facial features; whereas appearance features can be a
Gabor descriptor or Local Binary Pattern (LBP) descriptor,
1. Tracking when the participant is talking or not

etc as discussed in [8]. However, most of the past works
like, [9], [10], [11], are based on the deformable model
named Active appearance model (AAM). The AAM is a
computer vision algorithm to track the facial feature points
on human face, which provides a compact statistical representation of the shape and the appearance variation of it.
Therefore, we adopted a variation of the AAM, that is a
part based AAM [12] to track 68 facial-landmarks points
in the frontal frames. Finally we extract four different types
of the feature vectors: (i) shape vector resembling the x&y
coordinates of all the facial features, called as similarity
normalised shapes (s-pts), (ii) holistic appearance feature
vector; called as similarity normalised appearance (s-app)
and canonical appearance (c-app) [9], and (iii) A 32 × 32
patched vector called as scale-invariant feature transform
(SIFT) [13] descriptors. Later, classifiers are trained with
these feature vectors to classify the frames based on the
carrying emotion.

2.2. Emotion Classification
The four feature vectors associated with all the frontal
frames are used to detect the emotion in the each frames.
Basically, emotions are recognised by presence of one or
more, particular Facial Action Units (FACS) [14]; further the
combination of these FACS defines one of the 7 basic emotions; namely, happy, sad, disgust, anger, contempt, surprise
and fear. The classifiers are trained with the feature vectors
extracted from the frames, against the labels of FACS or
combinations of FACS (emotion). These classifiers classify
the frames based on the presence of FACS or emotions;
therefore the accuracy of emotion recognition is mainly
based on the accuracy of the emotion detection module. So,
we compare different classifiers, and classifier that would
give the best classification accuracy will be adopted. For that
matter, we are comparing three classifiers, namely, Scalar
Vector Machine (SVM) [15], Scalar Vector Machine with
AdaBoost (SVM+Adb) [16] and the Deep Belief Network
(DBN) [17]. Whereas, we will evaluate the classifiers based
on cross validation and maximum area under the curve;
discussed further in the experimental section. Briefly, facial
emotion analysis module comprises of a trained AAM model
and the best classifier amongst the three. Once all the frames
are labeled with the carrying emotion, then these emotion
labels are usef for the social correlation analysis.

3. Social correlation Analysis
In the previous section, we obtain the emotion labels
associated with all the frames. However, for the experimental purpose we considered only the emotion of the person
occurring per second, by summarising all the emotions
occurred in all the frames per second.These emotion data of
all the participants is used for social influential correlation
analysis. The overall analysis of social correlation amongst
the participants is based on the detected emotion per seconds
(E), the tracked action per second (A) and the background
knowledge (K). Wherein, K consist of whatever information

© 2016, Association for Crowd Science and Engineering (ACE). All rights reserved.

120

Proceedings of the 2016 International Conference on Crowd Science and Engineering (ICCSE 2016)

Figure 1: System Architecture
about the participants in the network is available; such as
age, gender, profession, seniority, family ties etc. Further,
based on this background knowledge, we label all the
individuals on the basis of their importance and affinity.
Although, there are many different methods to calculate
affinity (γ ) or the node centrality in a network, as discussed
in [18], in the considered domain, the mentioned methods
do not suffice our purpose to label each participants as per
the affinity between them. In such social network of group
of people in social gathering, it is more appropriate to decide
the affinity and importance of the node on various factors;
such as, age, experience of work, knowledge about the work,
position in the company, etc., that is the details present in
K.
Algorithm 1 Node Affinity
1:
2:
3:
4:
5:
6:
7:
8:
9:
10:
11:
12:

procedure G AMMA
Input: L is number of labels
X → {{x1 }, {x2 }, . . . , {xn }} is set of n factor sets.
Each factor set is of size i; all i node
Output: γ for all the i node
Start
for all X j → 1 to n do
{cn } ← Cluster({xn })
Sorting the labels
{ln i } =PSort(
{cn })
n n
l
γi → 1n i
End

To rank the each individuals, we propose a simple
clustering algorithm to find the affinity label (γ ) for all the
individuals; based on the background knowledge (K). The
γ calculation algorithm is shown in algorithm 1; wherein
clustering is based on K-means clustering algorithm. In the
algorithm 1, n is the number of factors considered for affinity
analysis. The Cluster is basically the K-means clustering
algorithm. The Sort is the algorithm which sorts the affinity
labels cn for individual considered factors in ascending order
of the data points in the cluster. Now, these sorted labels
of all the factors are used to calculate the γi for all the
individuals i, using the equation on line 11 of algorithm 1.
At the end of the algorithm, we get γ for all the individuals
in the network. Now, in any given social graph, emotion
propagates among the nodes of the graph. This knowledge of
emotion propagation helps to find the influential correlation
amongst all the nodes. In our approach, this is done by analysis of change in one’s emotion or action causing change in
the emotions of others. The intuition behind the γ is, if one

of the participant has some social ties with the other, then
they tend to form the virtual groups and in this virtual group
chances of induction is more as compared to other pairs
without any social ties. However, mere γ does not contribute
to the influential characteristics of a person. Because, an
influential character depends on many factors such as talking
manner, expressions, way of conveying, credibility of the
person, etc. So we use γ to guide the algorithm to locate the
virtual groups and later analyse influential node in the virtual
group first and then the rest of un related nodes. However,
it can be said that, higher the γ , higher is the chances of
the node to be an influential node in the particular virtual
group. The whole process of social influence detection is
divided into two basic steps (i) Emotion diffusion tracking
and (ii) Nodal Social influence calculation, as discussed in
the next subsections.

3.1. Emotion Diffusion Tracking
In any given social graph, action and reaction interactions are propagated among the nodes of the graph, in our
approach the interaction are in the form of facial emotion.
This knowledge of emotion propagation helps to find the
influential correlation amongst all the nodes in the network.
Basically, our algorithm analyse the change in one’s emotions because of change in the emotions of others. However,
in order to consider the case where there is induction of
emotion in absence of emotion of other nodes. Therefore
we also considered the induction of emotion on a particular
node by the action of the other node. We tracked the talking
sequence of all the nodes; that is tracking the whether the
node is talking or not talking, if the node is talking than
node is called as active node or else inactive node. So,
induction of emotion is analysed in two different scenarios:
induction by action (a → e) and induction emotion (e → e).
In a → e scenario, emotions of active node induces emotion
on the other nodes; whereas in e → e emotions of a node
(irrespective of its being active of inactive) induces emotion
on other nodes. The whole idea in considering the two
scenarios was to refrain from considering wrong orientation
of influence between the pair of nodes. Because, may be the
change in emotion of a particular node is because of actions
of particular node and building the correlation merely based
on the emotions may lead to wrong interpretation. Now, the
diffusion parameter (∆E ) for both the scenario is calculated
using the equation 1.
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In the equation 1, τe is the time interval of a particular
emotion e, and ωe is a participant’s emotion coefficient for a
particular emotion e. The T is the total frame considered for
emotion diffusion calculation ∆E . Whereas, ωe is calculated
using the equation 2, which is pre-calculated for all the
participants for every emotion. te is the total time instance,
for which participant has an emotion e and Ne is the total
number of instances, when all the participants has emotion
e.
ωe =

γ × te
Ne

(2)

Other than this, we define the orientation of emotion
diffusion by δ , which can have value 1 or -1, based on
the orientation of the induced emotion. The δ for all the
considered emotion is listed in the table 3, which is based
on the discussion in [19]. The emotion diffusion in both
the scenarios is calculated using the algorithms 2 and 3.
Let us first discuss the algorithm 2 for a → e scenario,
which accepts the list of inactive (participant with action:
emotion or no emotion) agents for every active (agent with
action: speech or both) agents, and gives ∆E 1 and δ 1 for
all combination of passive and active participants as output.
In the equation on line 8, we calculate the ∆E 1e values
for each emotion e carried by the participant p for time τ e ,
during the interval Ta , for which the participant a was active.
Then, the maximum value in set ∆E 1e is chosen as the final
∆E 1 . Thus, from the above we deduce that emotion e was
induced on agent p by agent a. Later final δ 1 is calculated
by multiplying the δ of a and e, which gives the direction
of the emotion induction. Similarly, in algorithm 3, emotion
diffusion ∆E 2 and δ 2 are calculated for all the pairs of
nodes, irrespective of the active participant, where value of
T is 1. At the end of this step, we get four values, ∆E 1
and ∆E 2 denote the emotion diffusion parameters and δ 1
and δ 2 denote the direction of emotion diffusion values for
all the pairs of participants. Then, we build the influential
correlation amongst the participants, as discussed in the next
subsection.
Algorithm 2 Emotion Propagation (a → e)
1:
2:
3:
4:
5:
6:
7:
8:

procedure E MOTION D IFFUSION
Input: a Active participant
P List of passive participant
Output: ∆E 1 and δ 1 for all passive participant
(where δ is −1 or 1 )
for all p enumerate(P) do
for all e Emotion Ee do e
×ω
τ
{∆E 1e ap } → apTa p

9:
10:
11:
12:

(Maximum of ∆E 1e is final ∆E 1 )
(δ e is emotion having maximum for ∆E 1e )
∆E 1 ap → max({∆E 1e ap })
δ 1 ap → δa × δ e p
End

13:

Algorithm 3 Emotion Propagation (e → e)
1:
2:
3:
4:
5:
6:
7:
8:
9:
10:
11:
12:
13:
14:
15:

procedure E MOTION D IFFUSION
Input: A List of all participant
B List of all participant
Output: ∆E 2 and δ 2 for all pair of participants
(where δ is −1 or 1 )
for all a enumerate(A) do
for all b enumerate(B) do
for all e Emotion Ee do e
{∆E 2e ab } → τ abT×ω b
(where T is 1 )
(Maximum of ∆E 2e is final ∆E 2 )
(δ e is emotion having maximum for ∆E 2e )
∆E 2 ab → max({∆E 2e ab })
δ 2 ab → δa × δ e b
End

3.2. Nodal Social Influence
From the above algorithms 2 and 3, we get the emotion
diffusion ∆E 1 ,∆E 2 , δ 1 and δ 2 for both the scenarios. From
this we calculate the influence of each agent on the other
agents, based on the algorithm 4. The objective is to find
the social influence amongst all the agents in the network,
in terms of weight of the weighted graph. The input to this
algorithm is list of ∆E 1 , ∆E 2 , δ 1 and δ 2 for all the pairs
of agents.
Based on these values, the weight Wij between agent i
and j is calculated using the equation on line 7. Where,
summation of ∆E 1 and ∆E 2 for i and j is divided by
summation of ∆E 1 for all the neighbouring nodes of i.
Finally, the orientation of the influence is associated with
the Wij , by multiplying δij . Thus, as an output we get a
weighted graph, where weight represents the influence and
sign ’-’ and ’+’ represents the orientation of the influence
being induced.
Algorithm 4 Influence Calculation
1:
2:
3:
4:
5:
6:
7:
8:
9:

procedure I NFLUENCE
Input: ∆E 1 and ∆E 2 for each pair of nodes
δ 1 and δ 2 for each pair of nodes
Output: W weight for each pair of nodes
for each pair of node i and j do
δij → δ 1 ij × δ 2 ij
∆E 1 +∆E 2
Wij = ( Pk ij ∆E 1 ij ) × δij
ik
N (i)
(N(i) neighbours of node i)
End

4. Experimental Results and Discussion
This section reports experimental results and evaluating
the obtained results by comparing it with the ground truth of
the testing data. Our system analyses the social influence in
the network, based on change in facial expression amongst
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the participants of the network. Our system is implemented
in a multi-agent paradigm, where all the participants are represented by homogenous agents; these autonomous agents
interact with the different modules and finally correlation
is build amongst them. The facial emotion analysis module
is build up of AAM based facial feature extraction and a
classifier. The AAM is implemented in Menpo [21] python
libraries, and trained with two publicly available databases;
FERA database [22] and LFPW database [23]. Now, different feature vectors are extracted by tracking the feature
landmarks using the trained AAM is used for training the
classifier. The tracked frontal frame using the Viola Jones
algorithm is depicted in figure 2a, and the figure 2b depicts
the tracked features points (landmarks) and the x&y coordinates are the shape features a.k.a. similarity normalised
shapes. Whereas, figures 2c and 2d depicts the appearance
features (s-aap) and patched based features respectively; the
c-aap appearance features are similar to s-aap without any
facial feature movement.

(a) Frontal Face

(b) Similarity normalised shapes
(s-pts)

(c) Similarity normalised appearance (s-aap)

(d) Patched SIFT descriptor

Figure 2: Feature Extraction
Later, these feature vectors are feed in to the trained
classifier, to classify the frames on the basis of carrying set
of FACS. As mentioned before, we compared 3 classifier‘s,
and adopt the
comparatively accurate classifier. The classifier SVM and
SVM+Adb is implemented with python API; whereas, DBN
implementation is based on the DBN for classifying the
MINST handwritten digital database [17], because problem
of classifying handwritten images is similar to the emotion
classification.

In our experiment, we have only considered 5 emotions;
namely, neutral, happy , sad, surprise and angry. The training
and testing of the classifiers are done using the publicly
available CK+ database [11]. The table 1 enlist the scores of
different classifier for all the different emotions; we adopted
SVM+Adb for emotion classification as it can be seen that
the score of SVM+Adb classifier is more for most of the
emotions. The table 3 enlist the combination of FACS for
each considered emotions along with their orientations δ .
In order to test our proposed algorithm, we need a input
frontal video data of small network to detect the emotions
and later build the correlation. However, such dataset is not
available, therefore a small experiment was conducted in
our laboratory, we record a discussion of five participants
on a video conference; let us say them as participants A,
B, C, D and E. Additionally, the video should be able
to showcase the influence caused by the emotion and an
action. Therefore, we structured the script, such that each
participants does the action (talks) for approximately 90
seconds one by one, yielding a total of 450 seconds video.
Further, the script also shows that the person A, B and C
belongs the same organisation and D and E belongs to other
organisation. Also, A and D are seniors amongst their group
and B has the higher knowledge on topic of discussion.
Based on these assumptions of seniority, knowledge about
the topic, etc, and the algorithm 1 we get 3, 5, 4, 5 and 2
as γA , γB , γC , γD and γE respectively.
Once video is pre-processed, each individual in the
network is associated with an autonomous and homogenous
agent. These agents first interact with the emotion analysis
and the four types of feature vectors are extracted using the
AAM tracker.
Later, these vectors are used to recognise the emotions
carried by each agent (frame by frame), by classifying it
with SVM+Adb classifier. Basically, we used binary classifiers; 5 classifiers were used, one for each emotion. Whereas,
the approximate dimensions of s-pts, s-aap, c-aap and
patched based features are 136 (x&y coordinates of 68 landmark points), 56000, 56000 and 132000 (approximately)
respectively.The table 2 represents the emotions detected
per second for all the agents at the end of classification
of all the 450 frames. Now, the social correlation analysis
for both the scenarios is done using the algorithm 2 and 3.
The table 4 and 5 enlist the obtained ∆E 1 and ∆E 2 for
both the scenarios. Further based on the algorithm 4 and
diffusion parameters, we calculate the influence between the
pair of nodes, in terms of weights of weighted graph; listed
in the table 6. The evaluation and validation of the results
is done on the basis of the ground truth of the input data,
as discussed in the next subsection.
FACS

SVM

Adb+SVM

DBN

Neutral
Happy
Surprise
Sad
Angry

80
81
73
79
70

93
92
83
85
82

75
69
75
70
65

TABLE 1: Emotion detection on CK+ dataset
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Agent

Neutral

Happy

Surprise

Angry

Sad

A
B
C
D
E

100
45
30
27
58

20
190
140
190
140

150
75
80
50
80

35
100
125
153
112

145
40
75
30
60

TABLE 2: Detected Emotion per seconds
Label

Emotion

δ

FACS

1
2
3
4
5

Neutral
Happy
Surprise
Sad
Angry

+1
+1
+1
-1
-1

null
6+12
1+2+4+25
1+4+15
4+7+23+25

TABLE 3: Emotion Orientation (δ ) and FACS
Agent

A

B

C

D

E

A
B
C
D
E

0
2.5
0.8
0.6
0.8

1.8
0
1.5
1.2
0.8

0.9
2.2
0
0.4
0.2

0.4
1.5
0.7
0
1.8

0.8
1.2
0.4
3.2
0

TABLE 4: ∆E 1
Agent

A

B

C

D

E

A
B
C
D
E

0
2.8
1.2
0.8
0.4

2.5
0
1.5
1
0.6

1.2
2.5
0
0.7
0.2

0.8
1.2
0.2
0
1.8

0.5
0.8
1.2
2.8
0

TABLE 5: ∆E 2
Agent

A

B

C

D

E

A
B
C
D
E

0
-2.4
0.512
0.34
0.3

-0.81
0
0.53
-0.372
0.22

0.75
3.13
0
0.33
0.114

0.3
-0.93
0.24
0
1.38

0.27
0.45
0.3
2.5
0

TABLE 6: Final Weights

4.1. Discussion
The input data to our system is the scripted group discussion of 5 persons (nodes); wherein the roles and responses
of each node are known. This information gives idea about
the social ties between the nodes in the network. Further
in to build the ground truth of the fed data, we analyse the
change of emotions of each node with respect to other for
all time instances. In order to do that, we plot the change
of emotion with time for all nodes in both the scenarios:
a → e and e → e. The emotion propagation curves 3
and 4 represents scenario a → e and e → e respectively;
where 3 represents the emotion change curves for all the 5
nodes with respect to one node is active and 4 represents
the emotion change curve for throughout the discussion

irrespective of any node is active. The y-axis denotes the 5
emotion labels normalized along the axis and x-axis denotes
time in second. If we analyse curves for both the scenario
point by point and emotion labels listed in table 2, we
could build the ground truth of existing correlation in the
considered network. Firstly, from the emotion propagation
curve 3 in a → e scenario, It can be said that emotion
diffusion of B induces an positive emotion change on C
ofently. Also, B induces negative emotion change on node
A, i.e., when A is happy then most likely the node B is sad.
Similarly, it can be said that emotions of E is more often
influenced by emotions of D. Whereas from the emotion
propagation curve in the figure 4 for e → e scenario, It can
be said that, B induces emotion on C and A; also induction
of emotions in reverse sense is not reciprocated from the
curves. Such correlations can also be observed between
agent D and agent E. Now next step is, based on these key
observed characteristic in the graph, we build the ground
truth. Further, in order to validate the predicted influential
correlation among the individuals, we simply compare the
ground truth conclusion of correlation with the obtained
correlation.
Lets analyse the predicted weights (influence) listed in
the table 6. From the weights, it can be said that node B
induces node A in the opposite orientation with weight -2.4,
whereas agent B induces C to a greater extent; that is 3.13.
Similar correlation is observed between node D and node
E. Node D induces node E with weight 2.5; although, vice
versa correlation is not observed in both the cases. Other
than this, node B induces node D in negative sense. It can
also be said that, if the value of weight is less, that means
it has lower induction; then that edge or correlation can be
ignored or removed form the network. Therefore, we set a
threshold value for weights to be considered, the weights
below that threshold is avoided in the final influence graph.
As depicted in the figure 5, influence on nodes E → C, C →
D, A → D and E → B are ignored because the influence is
less then set threshold value, that is value less than 0.3. Thus,
it will reduce the complexity of other searching algorithms
(if any) in the network. Finally, by analysing the obtained
results, it can be said that the emotion propagation in the
scripted discussion is very well represented in terms of
weights of the weighted graph. Therefore, it can also be
said that our algorithm proves to be efficient to measure the
influence in the network.
Such system can find many application such as negotiation or consensus building among the group of people, also
finding the influential person can help the organization to
target the appropriate person, who can persuade large group
with its influencing capability.

5. Conclusion
We introduced an algorithm to analyse the influential
correlation in the small social networks formed by group of
people in discussion or business meetings in a multi-agent
paradigm. Wherein, we were more interested in understanding the role of human facial emotion on social influential
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(a) Active Node: A

Figure 5: Influence Grpah

(b) Active Node: B

(c) Active Node: C

(d) Active Node: D

(e) Active Node: E

Figure 3: Emotion Propagation

based on emotion diffusion parameter and node centrality
calculation as discussed in the above sections. From these
algorithms, we should be able able to determine one influential person in the whole group or multiple influencer for
each virtual groups in the network. Finally, we evaluated and
validated our system based on the ground truth of the video
data of a scripted discussion, fed in to the system. Concluding that the final output of our system was able to reflect
the emotion propagation in the scripted discussion. As a
future work, it would be interesting to extend our method
to larger real life networks. Moreover, we are thinking of
incorporating emotion from speech data along with facial
emotion, so that the resultant emotion can depict humans
emotion more closely and be used for consensus building.
We also plan on investigating how social association can be
build on any anonymous network by different social network
mining methods.
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Figure 4: No Active Nodes

correlation and how effectively a person can induce his/her
emotion on other person. So, If any particular participant in
the network brings a high degree of emotion change on the
other participant/s in the network, then it can be said that
the participant is an influential node in the network.
In our system, humans emotions were considered for
analysing the influential analysis; whereas emotion recognition was based on the AAM feature tracking and the
SVM+Adb classifier for emotion classification. Also, we
compared three classifiers; namely, SVM+Adb, SVM and
DBN and choose the comparatively good classifier for our
system. Our algorithm for influential correlation building is
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Abstract—The Sharing Economy as a brand new business
model is expanding rapidly in the world because of its evident
advantages in energy efficiency, effectiveness improvement and
cost reduction. In particular, after the latest international financial
crisis, countries in the world are actively sharing new economic
fields, making full use of connected infrastructure and research
innovations to improve and develop the Sharing Economy. At
present, the Chinese economy is in the stage of its new normal. The
research innovations, mainly represented by Sharing Economy,
are developing rapidly. In particular, the "Internet+" car field in
China is catching up quickly with other countries in the arena of
Sharing Economy. However, China still faces some problems that
cannot be neglected, e.g., friction between the old and new
economic models and yet to improve regulatory system. In light of
this, this thesis works to make general conclusions and offer
relevant policy suggestions after studying the current development
of Sharing Economy in the world.
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of output created by the global Sharing Economy will
increase by 26 times from the current USD13.5 billion to
USD348.9 billion by 2025.
I.

SHARING ECONOMIES ARE SURING FORWARD IN THE
WORLD

Sharing Economies can be classified into the following
categories (Fg.1.).

technology ；

Sharing Economy, also known as "Collaborative
Economy", is a new cooperative production and
consumption mode that enables the sharing of various goods
and services by virtue of the Internet; and it has such
advantages as cost reduction, making the utilization of
resources more effective, and narrowing the gap between the
rich and the poor. Therefore, these types of economies have
recently become one of the important forms of achieving
sustainable development by use of scientific and
technological innovations. That is, in a Sharing Economy,
the Internet (mobile Internet) will be made use of to promote
the combination of technology and the economy (traditional
industries) and achieve the transformation from labor
intensive industries to knowledge, information, and
technology intensive industries by use of scientific and
technical innovations so as to transform the previous pattern
of economic development simply based on being driven by
cost factors, dedicating large amounts of resources and
environment consumption. It is predicted that the total value

•

The first category is space sharing, which includes
the releasing the information and prices of idle
properties through various platforms on the Internet for
tourists, people who are taking business trips, and other
people with a need for, or those who are looking for
housing, to select.

•

The second category is the sharing of transportation
tools of many types and in a number of forms,
including "private car services", "public car rentals",
and "Rideshare".

•

The third category is the sharing of skills and time,
which for the most part means to match services by use
of intangible assets owned by community members,
such as professional skills and time. Included in this
category are professional service platforms, P2P labor
employment, and scientific research crowdsourcing.

•

The fourth category is known as merchandise
sharing, which mainly includes the leasing of finished
products, commodity customization, and a trading
platform for second hand goods.

•

The fifth one is capital sharing, which includes online
P2P capital borrowing and lending platforms, as well as
crowdfunding, a way to raise money through the
collection of contributions of various sizes by way of
the internet, events, or even mail subscriptions.

•

The sixth category is the sharing of applications in
other fields, including online classes with Coursea as a
representative and the model of sharing food and

1
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beverages, namely "meeting friends at the dining table".

Economy originated, the United States continuously
strengthens and supports fair competition and its protection
over the rights and interests of consumers and sharers; the
British government puts forward the creation of a global
center for Sharing Economies on the due to the fact that
London is one of the world’s largest financial and trade
centers. The British government also takes measures
including establishing an economic technology platform (the
first TravelTech Lab), carrying out pilot city programs,
holding creative contests, formulating evaluation standards,
implementing special tax policies, and opening data
information (such as criminal records) to encourage
economic and social sectors to take part in the Sharing
Economy. The German government not only supports the
participation of Daimler Group, BMW, Volkswagen,
Mercedes-Benz, and other automobile manufacturers in
sharing, but also encourages community residents to use new
energy technology to set up "electricity production
cooperatives" while vigorously promoting shared "street
public welfare" projects, such as street public bookcases and
wardrobes.

Fig.1. Classification of Sharing Economy
Source: Sharing New Buying Collaborative Economy

II.
The following points should be noted and paid
attention to in the development process of Sharing
Economies:

ANALYSIS ON REASONS FOR RISE OF THE SHARING
ECONOMY

At present, the global economy is still faced with many
challenges; the environment and the income gap between
the rich and the poor are still the main obstacles restricting
the development of all of the countries in the world. While
reducing production and living costs, Sharing Economy also
enhances production efficiency, weakens the ownership of
assets by means of scientific and technological innovation in
order to achieve the improvement of efficiency, cost
reduction, and shrinkage of the gap between the rich and the
poor. The rapid development of Sharing Economies is most
likely attributed to the following two points:

First, large multinational companies have been
playing an active role in exploring the Sharing Economy
after the international financial crisis. Daimler has
launched the Car2go car rental project and put about
125,000 cars in 29 cities in a number of countries on the
road; IKEA and Patagonia have successively provided their
customers with relevant platforms on which goods can be
resold; Marriott Hotel Group has cooperated with Liquid
Space, an office space leasing platform, and rented out hotel
conference facilities by hour or by day in 432 hotels owned
by the Group throughout the world in order to meet the
needs of entrepreneurs for office space.

On the one hand, a new generation of information
technology propels the development of Sharing
Economies. In the less developed period of information
technology, "sharing" exists only on a small scale or among
acquaintances. "Collaboration" was first used in the 1950s
and its usage rate began to soar after the invention of the
computer and internet since the 1960s. 2014 marked the
rapid development of internet around the world and the
development of communication technology weakens the
ownership of articles, breaks through the limitation of space
on intangible assets and urges people to pay more attention
to energy saving, efficiency improvement, and protection of
the environment as well.

Second, Sharing Economy has the alluring features
of low economic costs and high social benefits. Multiple
studies have shown that the price of a house subject to short
term rental is 20% to 70% lower than that of a hotel at the
same level and location; a "shared car", or a special type of
car used for carpooling which works effectively can replace
about 4 to 10 private cars. Compared to year 2000, the
number of German people using car sharing services has
increased by 375% while the number of private cars owned
by every 1,000 young people with an age range between 18
to 29 years old has decreased by 34%; while in the city of
Bremen, the carbon dioxide emissions have reduced in the
form of 1,600 tons each year by using "shared cars". In the
future, it’s estimated that other cities in various countries
around the world will also be able to decrease carbon
dioxide emissions in a similar manner.

On the other hand, the low cost accelerates the
development of Sharing Economies. Compared with the
traditional hotel industry, shared houses have more
advantages and are priced lower. According to the survey
and research of PRICEONOMICS, in most major cities in
the United States, the prices of apartments on Airbnb are
21% cheaper than that of hotels on an average basis. In
addition, the survey and statistics of iRESEARCH show that
the prices of houses which are used for short term rentals in
China are significantly lower than that of hotels at the same

Third, the governments in major countries and
regions attach great importance to the promotion of
Sharing Economies. As the place where the Sharing

2
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level and location, and the discount rate of houses used for
short term rentals can often reach as high as 70%.
III.

In addition, people at different age levels have shown
respective levels of willingness to participate in network
sharing. People aged from 10 to 29 have the strongest
willingness to share. In the coming years, as this group
gradually becomes the backbone of society, the role of the
Internet in driving mutual benefit, sharing, cooperation, and
innovation will be more obvious and will be shown in
different ways through various manifestations.

THE SHARING ECONOMY IN CHINA HAS A HUGE
POTENTIAL FOR DEVELOPMENT

The Chinese culture has long had the spirit of "sharing
happiness with others is better than enjoying happiness
alone". After the Sharing Economy was imported into China,
its total revenue and the domains it covered in China grew
rapidly to catch up with and even surpass the advanced
world level. For example, the total revenue of the online
short term rental industry was only RMB 7 million when it
started in 2011 but reached RMB 4.05 billion in 2014, and it
is expected to exceed RMB 10 billion in 2015, indicating
the growth of more than ten thousand times over five years.
The fields and representative enterprises (platforms) of
Sharing Economy in China are shown in Table 1 below:
TABLE 1

MAIN APPLICATION FIELDS OF CHINA'S SHARING ECONOMY

Short Term House Rental
Short Term Office Rental
Means of Transportation

YOUTX.COM, MAYI.COM, TUJIA.COM,
XIAOZHU.COM
Fig.3. Proportion of Netizens at Different Ages Willing to Share on the
Internet

SOHO 3Q, YOU + International Youth
Apartments

Second, the amount of trust people have in the
Internet has gone up gradually. Compared to in 2007,
trust internet users in the Internet had increased significantly
from 35.1% to 54.5% in 2014. The increase in the
proportion of trust in the Internet provides a stronger
guarantee for the future development of Sharing Economy
in China and has made up for the lack of the traditional
social trust to some extent.

KUAIDI & DIDI GROUP, eHi Car Services,
PPZUCHE.COM

Capital

RENRENDAI.COM, DREAMORE.COM

Goods

BUY42.COM

Time and Skills

ORDER APP, SKILLBANK.CN

Education

OTONE EDUCATION

First, the willingness to share of market players has
increased. Thanks to the rapid development of the Internet,
the living costs of consumers have been cut down and a
larger space has been provided for the development of the
Sharing Economy. According to China Internet Network
Development State Statistic Report (Hereinafter referred to
as Statistical Report), 60% of internet users who were polled
hold a positive attitude in regards to network sharing, 13%
of which are extremely willing to conduct network sharing
activities and 47% are willing to do so.

Fig. 4.

Proportion of Trust of Netizens in the Internet

Third, keen attention and recognition have been
successively received from venture capitals. Whether a
company engaged in Sharing Economy as a new business
form and business model can get access to financial support
in time is the key for its rapid expansion and development.
Chinese companies involved in the Sharing Economy have
just ushered in a financing boom: on April 10, 2015,
TTYONGCHE.COM completed its Round C of financing
and its value has been closer to USD200 million; early in
July 2015, XIAOZHU.COM finished its Round C of
financing of USD60 million; in the middle of July 2015,
MUNIAO.COM obtained its Round A of financing of USD
60 million; early in August 2015, TUJIA.COM achieved its
Round D of financing of USD 300 million, and its valuation

Fig. 2. Survey on Sharing Willingness of Chinese Netizens
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has exceeded USD 1 billion. In the venture capital industry,
the valuation of enterprises related to short term renting
industry is increasingly improved, which reflects strong
market development potential of Sharing Economy in China
to a certain extent.

A. Didi and Kuaidi occupy most of the market shar
With the rapid expansion of Uber all over the world,
China's shared car renting industry represented by Kuaidi
and Didi are the leading trend. After China's first taxi
hailing software came out in 2012, Didi and Kuaidi had
been grabbing off market shares with strong market
occupation rate and completed the final merger in February
2015. The existing data shows that as of May 2015, 70% of
drivers within the national coverage area use Didi and
Kuaidi platforms every day, which has become the world's
largest online travel platform with about 6 million orders
every day and the trade scale of which is 6 times that of the
world's second travel platform. According to statistics on
the market share of professional cars, from May 2015, the
coverage rate of Didi and Kuaidi's active users in the special
car market of China reached 86.2% (see Figure 5).

Fourth, "Internet+" has become the major stimulus
that shifts the growth pattern of the Chinese economy.
At the 2015 Summer Davos, the Chinese Premier Li
Keqiang pointed out that the world’s Sharing Economies are
developing rapidly, thus becoming a new path of
stimulating economic growth. This was the first time for the
Chinese leader to voice China’s acceptance of the Sharing
Economy. At present, China is moving from rapid economic
growth to the moderately fast growth. The Chinese
economic structure and development methods are facing
major changes. In addition, it is imperative and urgent to
abandon the previous pattern of economic growth which
included the mammoth consumption of resources. As one of
the major strategies adopted by the Chinese economic
development at present, “Internet+” would, when the global
economy is under great downward pressure, encourage
people to make technological innovations, upgrade
institutional innovations, management and marketing
innovations, and research & innovation capacity. It is also
the important carrier of mass innovation and
entrepreneurship. As the supply side and structure reform is
gradually getting attention from the Chinese government
and national leaders of China, the Sharing Economy will
definitely become the new stimulus for the future shift of
economic growth patterns.
IV.

Fig. 5. Top Five with the Highest Coverage of Special Car Active Users in
China in 2015
Source: Enfodesk

B. The modes of operation of Didi and Kuaidi
Considering different population densities, town
distribution, and development processes of first and second
tier cities in China, Didi and Kuaidi Group adopted the
strategy of "multiple business and line coordination",
namely, operation with various forms including taxis,
professional cars, and shared payment carpooling. In terms
of taxi business, Didi and Kuaidi adopt the mode of project
management POWERED BY DIDI, and establishes unified
standards, that is, all orders will be uploaded the network,
and if no taxi driver gives a response within 60 seconds, the
system will automatically judge the transport capacity of
near special cars, express cars and carpools, so as to provide
consumers with more choices and realize real "zero empty
running".

CHINA'S "INTERNET+" CAR FIELD HAS BEEN IN THE
"LEADING" STATE

A "shared car" refers to the car shared by many people,
that is, the driver only has the right to use rather own it, and
a certain company coordinates the cars and is responsible
for issues concerning the cars such as insurance and parking.
This mode of car sharing that rises quickly based on the
development of internet technology not only lowers the cost
of living, but also helps to ease traffic congestion and
reduces highway wear, air pollution, dependence on and
consumption of energy resources at the same time, thus
ultimately achieving sustainable development. These are
some of the many benefits of shared cars which are
becoming more and more popular as time goes on.

In the special car market, Didi and Kuaidi pursues a
goal of "dignity", namely enabling users to travel more
decently and with more dignity; therefore, Didi and Kuaidi
puts forward the "ACE Certification" by reference to the
standards of the motorcade for state guests, selects the best
(and even the most handsome) drivers for training and
arranges the most complete in-car services reaching the
standard of five star; the drivers meeting the standards of
"ACE Certification" will also enjoy 30% of the negotiated
price.

According to the report, there are more than 1 billion
cars running on the road around the world, but these cars are
in idle state in about 96% of the time. On the other hand,
more than 15% of the space in our cities is occupied by
those cars which are restricted and idle. Therefore, in 2010,
Uber began to launch its taxi hailing service based on its
mobile terminal in San Francisco, achieving the rapid
integration of resources which were not in use, and at the
same time effectively reducing the travel cost of passengers,
and providing drivers with the possibility of taking a part
time job and getting additional, supplemental income.

C. "Internet+" car field has extended to the freight
transport field
At the same time when Didi and Kuaidi develop
quickly, the field of road freight transport has also
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undergone a wave of innovations and starting business
under the mode of the Sharing Economy. At present, some
companies engaged in freight transport with the mode of
online APP, such as 56qq.com, are developing and begin to
take shape. As one of the earliest explorers of Sharing
Economy modes in the world, Transfar Company of China
began to put the freight logistics port mode into practice in
2003, helping drivers and freight forwarding companies
implement highly efficient matching of logistics information
in the form of offline aggregation and information exchange.
As the market environment for the Mobile Internet becomes
increasingly mature, Transfar Road Logistics Port gradually
uses the Internet in its work to achieve rapid expansion and
the network effect. In the long term, the shared logistics
mode represented by Transfar Road Logistics Port is
expected to surpass traditional large scale logistics giants in
terms of the overall operating efficiency and lead the global
industry renovation.

carbon emissions from taxis. According to the data of the
United Nations Environment Program, a common tree can
absorb 0.012 ton of carbon dioxide each year, so 5.7 million
tons of carbon emissions are equivalent to the ecological
compensation quantity of 475 million trees throughout a
year.
In addition, the development of the "carpooling"
business also has a great influence on the reduction of
carbon emissions. If the carpooling implemented refers to
two people taking one taxi, the utilization rate of taxies is
74.3%, and it is expected that carbon emissions will
decrease by 14.649 million tons each year. Also found to be
true according to the above data, 14.649 million tons of
carbon emissions are equal to the ecological compensation
quantity of 1.22 billion trees throughout a year, and are
approximately equal to every single person in China, the
country with the largest population in the world, planting a
tree. This form of business can not only reduce the pressure
put on the environment by cars, but can also help to restore
and ease some of the damage that has already been done.

D. The field of shared cars helps boost technological
innovations
According to the data set forth in the Statistics Bulletin
on the Communication Operation Industry in 2013 of China,
the penetration of mobile phone users has reached the large
number of 90.8 phones per one hundred people, which
marks that fact that the mobile phone market of China has
entered the era focusing on updating its demands. However,
the update cycle of mobile phones is usually two to three
years, while the update cycle of smart phones is less than
two years. In order to improve the efficiency and the
possibility of grabbing many orders as fast as possible,
many Didi and Kuaidi drivers who never used smart phones
before have begun to use smart phones and replace their
own SIM cards with 3G/4G ones. This, on the one hand, can
continue to boost smart phone hardware and software and
speed up the innovation in a bid to meet more and more
consumer demands, and on the other hand, will promote the
upgrade of consumption structure in the information
industry, so as to meet the demand of internet users for
network speed.

V.

MAIN PROBLEMS IN THE DEVELOPMENT OF SHARING
ECONOMIES

Since it is something that is relatively new in the world,
Sharing Economies have strong development potentials but
also face many underlying problems which can be seen in
the examples below:
First, the friction between the old and new
economic models increases. The rapid development of the
Sharing Economy brings a great challenge to the existing
law and system of regulations and may get the interests of
the original large service groups affected; there are no set
rules on certification and insurance, etc. in such fields as
sharing of accommodation and transportation means;
practitioners of the Sharing Economy may consequently
obtain higher benefits while traditional industries thus have
to pay more costs. There have been incidents where the
legality of professional cars was debated over from time to
time in various countries in the world. In the first half of
2015, the incidents where professional cars hailed through
the internet were debated under law happened in 15 cities
within China; similar cases have also occurred in many
countries, including the United States, Britain, France, and
Germany.

E. Shared cars may effectively lower the empty run rate
and reduce carbon emissions
Shared cars not only can drive the boost of
technological innovation, but also make outstanding
contributions to energy saving and efficiency improvement
at the same time. According to the Research Report on
Economic and Social Impacts of Taxi Hailing (2014) by
Tsinghua University, 55% of drivers believe that the empty
run rate in each month decreases by 10%, while 41.2%
drivers think that the empty run rate in each month falls by
10%-30%. If it is assumed that, before the decrease of the
empty run rate, the number of taxi passengers and the
number of taxis are 1 respectively, on the premise that the
empty run rate falls by 10%, 1+10% passengers can be
satisfied under the condition of constant current transport
capacity as estimated in the ideal state. However, before the
empty run rate decreases, in order to meet the demands of
passengers, there must be 1+10% taxies. The 10% of
transport capacity saved can reduce 5.7 million tons of

Second, the lack of supervision has resulted in the
occasional occurrence of security problems. Even though
the platforms engaged in the Sharing Economy strictly
examine the qualifications of both the suppliers and
demanders, the absence of supervision and supporting laws
still occasionally leads to repeated occurrences of security
problems in countries around the world. For example,
drivers of professional cars are notorious for their misdeeds
in the United States, India, and other countries. It is also
common that the safety of life or property of owners and
tenants of houses used in online short term rentals is under
threat. In addition, no credit system covering most countries
in the world has been formed, which also challenges the
supervision over multinational sharing.

5
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Third, regional IT technical resources are
distributed unevenly. The gap between the rich and the
poor in various countries in the world continues to increase
and the development level of science and technology varies
from country to country. The gap in terms of Internet
penetration is rather clear: the Internet penetration in Europe
is generally very high while that in African countries is
notably lower. According to the Measuring the Information
Society Report (hereinafter referred to as the "Report")
promulgated by the Intentional Telecommunition Union
(ITU), a professional organization of the United Nations
(UN), in November 2015, various regions still differ greatly
in the development index of information and
communication technology (hereinafter referred to as the
"Index"); 29 out of 37 African countries are part of the
quarter of countries with the lowest Index, highlighting the
importance of solving the gap between Africa and other
regions of the world. Moreover, it is also pointed out in the
Report that the average growth rate in the Index of high
income economies is significantly more than that of low
income economies, reflecting the close connection between
the development of information and communication
technology and also the national income level. The higher
the income level of a country is, the more advanced their
communication technology will be.
VI.

venture capitalists with its strong advantages in energy
saving, efficiency improvement, cost reduction, shrinkage
of the gap between the rich and the poor, and other aspects,
and it develops rapidly across various countries all over the
world. However, it still cannot be ignored that the
development of the Sharing Economy is confronted with
many obstacles arising from the frictions between the old
and new economic models, the lack of legal supervision
system, and uneven distribution of communication
technology. As such, there are some general suggestions
below which may help to balance out the disadvantages
found in the rise of Sharing Economies. First, comparative
advantages shall be utilized to urge various countries to
explore new models of the Sharing Economy. Second, it is
necessary to accelerate the construction of a fair, inclusive,
national, and highly unified subtle supervision mechanism.
The last but not the least, the Internet coverage shall be
enhanced in various countries, especially those in Africa.
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BASIC CONCLUSION

In short, the Sharing Economy no longer simply
emphasizes the ownership of articles but achieves the
"Access but not Ownership" of assets by the use of the
Internet as a medium; it has attracted broad attention from

.
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Abstract—Online peer-to-peer(P2P) lending is an innovative
way of lending, which enables borrowers fetch money from
individual lenders online rather than through traditional
financial institutions. Using data from Prosper, which is the
largest P2P loan platform in the United S tates, many researchers
have found that there is a herding behavior in P2P lending and as
opinions vary, the rationality of it is uncertain. We study herding
behavior in P2P lending in China. Data is based on PPDai, which
is China’s largest P2P lending platform. To elaborate the effect of
herding, we define a herding index which describes the extent of
herding rather than simple bidding numbers as many
researchers do. Based on some limitation of current research, we
extend our model and empirically test the existence of herding
and the rationality of it. The research enriches the study of
herding in P2P lending. We divide herding behavior into two
aspects, which is beneficial to deep understand the herding and
elaborately express the extent of herding, which benefit the
examination of the rationality of it.
Keywords—P2P lending; herding; PPDai; herding index;
rationality

of loan. The website will show the personal information of
borrowers including gender, occupation and credit rate.
Lenders who intend to lend then bid on the listing. Other
choices of bidders will be shown in the page of listing, which is
a potential cause of herding.
We intend to solve two problems: first, whether there is a
herding behavior in P2P lending platform and second, whether
such a herding behavior is rational. Different fro m current
research, we analyze the representation of extent of herding
and incorporate an index into the model e xamin ing the
rationality of herding. We believe the index can perfectly
represent the extent of herding.
The rest of the paper is organized as follows. First, we
review the literature about P2P lending and herding behavior.
Second, we elaborate the limitation of current research and
propose our method to improve current work. Last, we describe
our data, analyze results and draw a conclusion.
II. LIT ERAT URE REVIEW

I. INT RODUCT ION
The past decade has witnessed a rapid growth of P2P
lending, which is accelerated by Web 2.0. In P2P lending,
borrowers and lenders transact on online platforms, such as
Prosper, Lending Club, PPDai, and Zopa. According to the
report of Price water house Coopers in 2015, the US P2P
lending platforms issued approximately $5.5 billion in loans in
2014. In China, the volume of P2P loan is even larger and
reached $41.3 billion in 2014(Wang et al. 2015b). P2P lending
makes it possible that both borrowers and lenders can transact
online without intermedia ries such as banks (Lee and Lee
2012). P2P lending can not only finance SMEs but also finance
individuals. P2P lending is beneficial to both borrowers and
lenders. Due to financial decentralization, borrowers can get
loans directly fro m lenders and pay low interest rates (Light
2012). In addition, P2P lending can mitigate financial
exclusion, i.e., P2P lending can finance borrowers with low
credit grades (Komarova Loureiro Y, Gon zalez L 2015). For
lenders, they can obtain more opportunities of investment an d
get high returns(Magee 2011).

A. P2P lending
P2P lending has attracted both practical and theoretical
attention due to its popularity. Research concerning P2P
lending can be divided into three parts. First, early research
focuses on the reasons for the emergence of online P2P lending.
Second, current research examines the determinants of funding
success and default, which considered as the basis of decisionmaking of borrowers and lenders. Third, some research
investigates the performance of online P2P loan taking risk into
consideration. Above them, the second part is very important
and there is extant research about it. Borrowers wish to get
loans in low interest rates while lenders make efforts to discern
whether borrowers pay loans in time. Research based on the
perspective of borrowers is scarce. Borrowers face a tradeoff
between loan amount and interest rate, i.e., borrowers may
have to set high interest rates high to ensure the funding
success (Puro L et al. 2010). Research based on perspective of
borrowers usually use auction theory and provide advice of
loan amount and interest rate setting (Puro L et al. 2010, Li S et
al. 2011).

A typical process of P2P lending is as follows. First,
borrowers apply for a loan request called listing, containing the
information of loan amount, interest rate, duration and purpose

Research based on perspective of lenders usually focus on
the factors of decision-making. One of problems in P2P
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lending is informat ion asymmetry, i.e., lenders don’t know the
credibility of borrowers for certain as borrowers do (Emekter R
2015). Information asymmetry leads to high risk for lenders. In
traditional banking systems, information asymmetry can be
lessened due to financial intermediaries, the absence of which
make it acute in P2P lending. Further, the inherent anonymity
of online environment intensifies the problem. Since
information asymmetry between borrowers and investors lead
to moral hazard (St iglitz and Weiss 1981) and adverse
selection (Akerlof, 1970), lenders must be cautious when
making decisions.
In P2P lending, lenders use both hard information and soft
information about borrowers to make investment decisions
(Iyer et al. 2009; Freed man and Jin 2014; Lin et al. 2013). Hard
information refers to quantitative information that can be
accurately expressed, e.g., demographic information, debt to
income ratio(BC Collier, R Hampshire, 2010), FICO score,
credit grade(Duarte et al. 2012;6). Hard informat ion is often
difficult to obtain, insufficient, or unreliable, so lenders may
tend to soft information, which is available in P2P lending
platforms and can be diagnostic (Michels 2011). Soft
information refers to non-standard qualitative information (Iyer
et al. 2009), e.g., narrat ive, appearance, social networking(e.g.,
virtual community and friendship). Lin et al. (2013) discover
that strong social ties and friendship can increase the
probability of funding success and decrease the probability of
default. The result is consistent with the research of Freedman
and Jin (2014). Liu D et al. (2013) further distinguish different
effects of three types of friendship, i.e., the pipe effect, the
prism effect and relational herding effect.
B. Herding behavior
We firstly review the research about herding not confined
to the context of P2P lending. Herding is a phenomenon
usually happens in animal kingdom and the definition of
herding behavior is that individuals are strongly influenced by
the decisions of others (Asch 1956) and many researchers find
the existence of herding behavior in various contexts, e.g.,
investment (Graham 1999), online auctions (Simonsohn and
Ariely 2008), IT adoption (Kauffman and Li 2003).
The most prevalent reason why we behave like herd is
“information cascades” (Bikhchandani et al. 1992), which is
based on the interpretation of conformity preference(Jones
1984). “Information Cascades” means private information is
too weak to resist the information of mainstream. It occurs
especially when individuals can’t obtain the full informat ion,
which is the context of P2P lending (Bikhchandani et al., 1992).
Many researchers study P2P lending by incorporating
herding model into the context of P2P lending. Herd behavior
in P2P lending refers to the tendency of lenders to gravitate
toward and bid on auction listings with existing bids
(Simonsohn and Ariely 2008; Herzenstein M et al. 2011). The
main question can be divided into two dimensions, i.e.,
whether there exists herding behavior and whether it is rational.
1)

The existence of herding in P2P lending

Many researches use data from different P2P lending
platforms and testify that there exists herding behavior. For

examp le, Herzenstein M et al.(2011) used data from Prosper
and conducted an elaborately study. They found that before
loans receive enough bids, a 1% increase in the number o f bids
increases the likelihood of an additional b id by 15% but after
loans receive enough bids and comes to phase of auction, a
1% increase in bids increases the likelihood of an additional
bid by only 5%. This diminishing effect of herding is also
found by Lee E, Lee B(Lee E, Lee B.,2012), who used data
fro m Popfunding and found that as the level of participation
increase, the newer biddings increase tardily.
Apart fro m empirical study based on various P2P lending
platforms, some researchers theoretically testify the existence
of herding in P2P lending. Using decision tree model, Luo B,
Lin Z.(2013) exp lained the formation of herding in P2P
lending and further found emp irical evidence of herd ing by
using data from Prosper.
2)

The rationality of herding

When it comes to the research about rationality of herding,
conclusions are varied. Herzenstein M et al.(2011) found that
though there is adverse effect of herding for buyers in eBay,
herding is advantageous for lenders in P2P lending.
Dramatically, Luo B, Lin Z.(2013) used data fro m the same
P2P lending platform, i.e., Prosper, and believed that herding
will impair benefits of lenders. Other P2P lending platforms are
also concerned as for the rationality of herding. Chen D, Lin
Z.(2014) used PPDai and found that herding behavior lowers
the final interest rate and even worse, increases default rates.
They believed that cultural and economic factors play a role in
the difference of their results from others.
III. LIMIT ATION OF CURRENT RESEARCH AND MODEL BUILDING
We believe that there are some limitations in the current
research which interests us.
A. The expression of extent of herding
To examine the rationality of herding, the expression of
extent of herding is essential. Most researchers use numbers of
bidders or biddings to express the extent of herding, following
the study of online auction websites, e.g., eBay. We don’t
believe it’s appropriate for the context of P2P lending.
First, in online auction websites, as long as there is
someone bidding, the auction continues while in P2P lending
platforms once the total bidding amount reaches the request
amount, the bidding ceases. Such restrict of amount leads to the
bias: the number of bidders or biddings can’t precisely denote
the extent of herding and is relevant to the former amount of
bidding. For example, the amount of total bidding has reached
99%, comp leted by 90 bidders. There are 100 bidders aspiring
to bid the left because of herding. Due to restrict of amount,
only 1 bidder bid while 99 b idders left can’t. The real number
of bidders denoting the herding is (90+100) wh ile the observed
value is (90+1), 99 bidders are overlooked. There is no bias for
online auction websites because we assume that those 100
bidders bid because of herding and bid whatever the final price
is and they can all bid successfully.
Second, it’s worth discussing the mechanism of end of a
listing. In some P2P lending platforms, the listing is closed
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once it receives enough bids. We call such platforms type A
platform. In other platforms e.g., Prosper, the listing is not
closed immediately when it receives enough bids. They
provide an auction mode and continue the listing( we call it
“auction phase”). Additional bids can lower interest rates,
which benefit borrowers. We call such platforms type B
platform. Apparently those who believe the numbers of bidders
or biddings can represent the extent of herding can only
conduct the study on type B platforms, which impair the
generalization of their results.
Third, even in type B platforms, the number of bidders or
biddings can’t precisely represent the extent of herding. The
number of bidders or biddings before the auction phase and
after it holds different effect to the representation of herding.
For example, there are 2 listings named listing1 and listing2.
The total numbers of bidders are both 100 but in the listing1
there are 90 b idders bid during auction phase(it means that
before the auction phase 10 bidders bid the request amount)
and 10 in the listing2. Apparently the extent of herding in
listing1 is higher than listing2, in which everyone is reluctant to
bid more and latently increase the number of bidders.
In sum, the different mechanism between auction and
lending means the method used in auction is not quietly
appropriate for lending.
B. The definition of rationality
We believe in the current research the definition of
rationality is ambiguous and not intact. Some researches
simp ly use the variance between final interest rates and initial
interest rates to evaluate the rationality. However, such
variance is obvious and other factors must be detected. Others
consider the default rates but they overlook that bidding on the
listing that many others already bid can ensure the success of
the listing, which is important because failure o f listing impair
benefit of b idders for that their illiquidity asset is locked in the
platform and lose time value of money. In short, synthetic
factors need to be evaluated.
In this paper, we intend to solve two questions: the
existence of herding behavior and the rationality of it. The
reason for herding in P2P lending can be explained in two
aspects. First, the problem of info rmation asymmet ry is acute
in P2P lending co mpared to tradit ional banks and lenders can’t
deduce the credit status of borrowers alone. They use
informat ion of other lenders to form their judge towards th e
borrowers. Second, the mechanism of P2P lending causes
herding because when the process of a listing nearly reaches to
the request amount, lending to the listing can assure the listing
is successful, which also benefits lenders because their money
can be effective as soon as possible. Thus we have hypothesis
H1.
H1: There exists herding behavior in P2P lending
We believe that herding behavior of lenders in P2P lending
can be reflected in two aspects: the decision of choosing
borrowers and the decision of choosing listings.

When lenders choose borrowers, they not only exert their
own information towards borrowers but also refer to judgments
of others, which can practically be realized by the function of
viewing history borrowing records of borrowers in PPDai
platform. Successful funding records in the past indicate the
recognition of other lenders towards borrowers and a potential
lender might leverage such information and make decision.
Thus we assume that when times of successful funding records
in the past increase, the probability of successful funding
increases, which indicate the herding behavior of lenders.
H1a. When times of successful funding records of
borrowers in the past increase, the probability of successful
funding increases.
When lenders choose listings, they can obtain bidding
information fro m other borrowers in the webpage of the listing.
To elaborately prove the existence of herding, we intend to
follow Lee E, Lee B. (2012)’s research and use one day as a
time span. The dependent variable is the ratio of bidding
amount to the request amount in the day for certain listing and
the main independent variable is the ratio of accu mulated
bidding amount to the request amount before the day. Other
control variables, e.g., credit rate, interest rate, duration are
concerned. For examp le, the request amount of listing i is
$10000. Before the day j there have been $5000 bided in the
listing and in the day j there are $3000 bided in it. Thus the
value of the independent variable and the dependent variable is
50% and 30% respectively in the observation. If there exists
herding behavior, the bidding amount in a day increases when
the amount before the day increases. Based on this, we build
hypothesis H1b.
H1b. The bidding amount in a day increases when the
amount before the day increases
As aforesaid the conclusion of rationality is not the same in
different study. Even using the same dataset - Prosper,
Herzenstein M et al.(2011) and Luo B, Lin Z.(2013) draw
different conclusions. Thus the rationality of herding is
debatable and the study of it is necessary. We follow the
conclusion of Chen D, Lin Z.(2014) because they use data from
the same P2P lending platform and we believe that due to
cultural and economic factors herding is irrational.
H2: The herding behavior in P2P lending is irrational
Following the examination of existence of herding, we
analyze the rationality of herding in two aspects: herding
behavior towards choosing borrowers and herding behavior
towards choosing listings.
To examine the rationality of herding we need to measure
the extent of herding and examine the relation of default rate
and it. Thus we define an herding index which we think is
appropriate for representation of the extent of herding. Figure 2
shows the source of the index of certain listing. The y axis
means the ratio of accumu lated bidding amount to the request
amount and the x axis means the ratio of elapsed time fro m
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beginning of the listing to the duration of bidding. The path
fro m O to B represents the process the listing ends. Straight
line OB is the most common situation in which the speed of
bidding is average while arc OAB represent the herding
because in the beginning of the listing the speed is low but
when it comes to the end of listing the speed is high. The
herding index is the value of the area of the black part, i.e., the
area of the part surrounded by Straight line OB and arc OA B.
If the extent of herding is acute, the degree of crook of OA B is
large and thus the area of black part is large.
Some researchers use average time interval of b idding or
relative time elapsed (the proportion of time that had elapsed in
the auction when the loan received full funding) (Herzenstein
M et al.,2011), which we believe is inappropriate. The reason
can be illustrated in Figure 2 and Figure 3. Suppose figure 2
shows the bidding process of listing A and figure 3 shows the
bidding process of listing B. We suppose the average speed of
bidding is equal between A and B and the only difference is
that the speed is first low and then fast in A while first fast then
low in B. In the listing B, the bidding speed at first is high but
when it co mes to the end, the speed is low, which means
bidders at first are interested in the listing because the listing
itself is attractive and they are afraid not to bid before it ends.
The speed of subsequent bidders’ biding is lower than normal,
which means they are not as in need as former b idders and the
former bidding is not related to theirs. In other words, they are
not imitating and there is totally no herding behavior. The
average time interval of bidding is equal between listing A and
listing B but apparently the extent of herding is not. Yet the
herding index can distinguish the variance between the listing
A and B because the herding index of B, the listing in wh ich
herding totally not exist, is negative.

There may not be matching perfect arc OAB in the real
transaction context. To calculate the herding index, we can use
calculus method, i.e., we divide the black part in figure2 into
some echelons and calculate the sum of the area of echelons.
Figure 3-5 show three examples of bidding process in the real
transaction, indicating low herding, normal herding and high
herding respectively. The ids of listing are 404404,404406 and
428701. The information of listings can be viewed in website.
URL can be inferred based on id of the listing (e.g., the
information of listing 404404 can be viewed on
http://www.ppdai.co m/list/404404). After calculation, we find
that the corresponding herding index is -0.2995, -0.0074 and
0.3323 respectively.
Fig. 1.T he bidding process of listing A

Fig. 2.T he bidding process of listing B

100%

Such graphic and method of calculation is similar to Gini
coefficient. Gini coefficient measures the extent of inequality
of income, the calculation of which is fro m Loren z curve. In a
Lorenz curve, the x axis denotes the percentage of population
fro m the poorest to the richest and the y axis denotes the
percentage of welfare. Suppose figure 2 represent a Lorenz
curve and straight line OB means absolute equality of income
and arc OAB means actual distribution of income. The Gini
coefficient is the result of area of black part divide 0.5.
We incorporate Gini coefficient and construct a herding
index because we believe the essence of herding is the
inequality of bidding speed while Gini coefficient exactly
measures the extent of inequality of d istribution. However
there is misuse concern, i.e., in Loren z curve the x axis denote
the percentage of population that is already ranked from the
poorest to richest and arc OAB will always be under straig ht
line OB wh ile in herding index arc OAB can surpass straight
line OB. We believe that there is some tiny difference between
Gini coefficient and herding index. Gini coefficient focuses on
the inequality of distribution but herding not only means the
inequality of bidding speed but also the concept that the
bidding speed is slow in the beginning but fast in the end. If the
speed is fast at first but slow in the end herding is not
significant while the inequality of bidding speed is. W hen arc
OAB surpass straight line OB there is punishment for
representation of herding.

B

A

O

100%

Fig. 3.Listing of low herding in the real transaction

Fig. 4.Listing of normal herding in the real transaction
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TABLE II.
Type

QUALITATIVE VARIABLES

Number

Variable

listing

102430

T ype

Borrower

79709

Credit rate

Fig. 5.Listing of high herding in the real transaction

gender
occupation

IV. DAT A
Data is fro m PPDai, the largest P2P lending platform. We
captured the data from 2014.1.1 to 2014.3.31 and all
transaction records during this time interval are recorded in the
database. The mechanism of URL in PPDai brings out great
convenience because all listing IDs are parts of URL of the
listing. We first find out the range of loan ID because loan ID
is determined according to time order. Then we use python to
record all the web text fro m those pages. To analyze these texts
and derive the data needed, we write program to handle it. The
main data item includes type, title, the percent of progress, loan
amount, interest rate, duration, bidding list, purpose. The web
page of listing does not consist of result of repayment, i.e.,
whether there is default or not, thus we captured the data about
borrowers concerned. The same procedure is conducted. The
main data item includes age, gender, occupation, credit rate,
authentication status. There are 102430 listings and 79709
borrowers incorporated in the dataset. The number of bidding
record is 565539. A mong all listings there are 15906 (15.5%)
listings successfully funded. The variables and simple
descriptive statistic results are shown in Table 1 and Table 2.
TABLE I.
Type
listing

Borrower

QUANTITATIVE VARIABLES

Variable
loanAmount(RMB)
Annual interest rate
Duration(month)
# of Bidders
# of Successful
borrowing
#
of
failed
borrowing
# of bidding
Weighted lending
rate

Max
400000
24
12
1516
728

Min
1000
8
1
0
0

Average
3956
15.7
9
5
11

STD
9426
3.9
2.8
23
66

31

0

2.45

2.36

40918
25

0
0

23
1.41

473
4.66

Dummy
Variable
T ype A
T ype B
T ype C
T ype D
AAA
AA
A
B
C
D
E
F
Male
Female
student
wageearners
Private
business
owners
Online
shop
owners
Others

Number
15643
5229
5564
751
690
13523
57
488
1146
5115
47441
11249
68855
10854
2684
45532
17527

3836
10130

Table 1 shows the quantitative variables while Table 2
shows the qualitative variables. Some informat ion can be
discovered. First, the largest request amount of listing is
400000 RMB, which is a considerable amount but the average
amount is 3956, wh ich means the request amount is not large in
most of listings. Second the highest interest rate is 24%, and
the average of it is 15.7%. The rate in P2P lending is much
higher than the rate of checking accounts, which is only nearly
0.35% at that time. Such variance of rates attracts many lenders
to P2P lending platforms. Th ird, we discuss the listing type in
PPDai. In PPdai, there are 4 types of listing. Type A means
platforms compensate for lenders when the listing is overdue.
Type B means the money borro wing in the listing can’t be
withdrawn and can only be used within the platform, e.g.,
bidding or repay ment. Type C means the listing that the
payback source is guaranteed, e.g., accounts receivable or
money saved in the platform. Type D means listing with
guarantee. Forth, we can tell that the main borrowers of P2P
lending are male. The reason may be that males have much
burden in life than females and need more money. Last we
notice that more than half borrowers are wage-earners because
the wage they earn may not support their extra need while the
occupation is stable for them and make it credib le for them to
pay back.
V. RESULT
A. The existence of herding
We analyze the existence of herding by using logistic
model. The main variables are shown in Table 3.
1) The existence of herding when lenders choose borrowers
We create logistic regression model in which dependent
variable is whether listing is successfully funded and the main

© 2016, Association for Crowd Science and Engineering (ACE). All rights reserved.

137

Proceedings of the 2016 International Conference on Crowd Science and Engineering (ICCSE 2016)

independent variable is times of successful borrowing records
in the past. Table 4 shows the result of the model.
TABLE III.
Variable
GABC

Meaning
If the credit grade of borrower is A,B or C and the value is
1, else 0. We set this variable because borrowers with
credit grade D,E and F is very few.
T he amout of successful borrowing records in the past
T he amout of failed borrowing records in the past
Four types of listing
The log of amount. We use logarithm process because the
amount is very large
Interest rate
T he age of borrowers
T he occupation of borrowers
T he certification of borrowers

SUCCESS
FAILURE
T YPE
LNAMOUNT
RAT E
AGE
OCCUPATION
CER
TABLE IV.

MAIN VARIABLES

T HE EXISTENCE OF HERDING WHEN LENDERS CHOOSE
BORROWERS

Variable

Coefficient Std. Error z -Statistic Prob.

C
-18.59984
GABC
5.149296
SUCCESS
0.018199
FAILURE
-0.204898
T YPEB
0.756571
T YPEC
0.312124
T YPED
2.765786
LNAMOUNT
1.134480
RAT E
0.395779
AGE
0.001056
OCCUPAT IN_ST UDENT 0.175779
OCCUPATION_WAGE_EA
RNERS
0.112231
OCCUPATION_OSOWNER
S
0.268957
OCCUPATION_PRIVATEO
WNERS
0.307766
CER_IDENTITY
1.071651
CER_VIDEO
0.483560
CER_EDUCATION
0.248571
CER_MOBILE
0.668838
CER_ONLINEBANKING 1.062544

0.628439
0.053042
0.001996
0.004889
0.097528
0.089595
0.108327
0.050280
0.003127
0.000476
0.059845

-29.59690
97.07980
9.115842
-41.90597
7.757447
3.483729
25.53182
22.56341
126.5839
2.218445
2.937235

0.0000
0.0000
0.0000
0.0000
0.0000
0.0005
0.0000
0.0000
0.0000
0.0265
0.0033

0.033785

3.321912 0.0009

0.057165

4.704937 0.0000

0.038843
0.475227
0.031295
0.036469
0.025835
0.027964

7.923381
2.255028
15.45163
6.815975
25.88836
37.99642

0.0000
0.0241
0.0000
0.0000
0.0000
0.0000

The result shows that the coefficient of successful funding
times in the past is significantly positive, which confirms
hypothesis 1a.
Other conclusions can be found. First, when the credit
grade is high (GABC), the probability of successfully funding
is high and the coefficient value is relatively large, wh ich
means the credit grade is main concern of lenders when
choosing borrowers. Second, when listing is specially
certificated, the probability of successfully funding increases.
The coefficient of type D is relatively h igh, because type D
means the listing is guaranteed, which is a direct signal of low
risk while other types are indirect for lenders. Third, the
coefficient of rate is positive, which means lenders pursue high
profit. When it co mes to age of borrowers, we find that lenders
prefer old borrowers and one possible exp lanation is that old
borrowers are more credible. The finding is the same as
previous research (Gonzalez and Ko marova Loureiro, 2014).
Last, the private business owners are more likely to get loans
because the coefficient is relatively high. When borrowers are
authenticated by PPDai, the probability of successfully funding
is high especially when identity of borrowers are authenticated.
2) The existence of herding when lenders choose listings
We draw the figure 6 using our dataset in which x axis
means the percent of complement of listing, i.e., the ratio of
accumulated bidding to the request amount and y axis means
the time interval between two successive bidding, which is a
mean value of all data fro m our dataset. As shown in the figure,
when the current percent of complement of listing is less than
10%, the speed of listing is very low and average time interval
between two successive bidding is nearly 1 hour. When the
bidding proceeds and the percent of complement of listing is
90%, the speed of bidding is very fast and average time interval
between two successive bidding is nearly 1 minute. The time
interval between two successive bidding decreases when
accumulated amount of bidding increases, proving the
existence of herding.
In addition, when current percent is low, the decrease of
time interval is not acute while when current percent is high the
decrease of time interval is inconspicuous, proving the
marginal decrease effect of herding. The result is the same as
Herzenstein M et al. (2011).
Fig. 6.Evidence of herding

McFadden R-squared
S.D. dependent var
Akaike info criterion

0.550145
0.492929
0.611309

Schwarz criterion

0.613096

Hannan-Quinn criter.

0.611851

LR statistic
Prob(LR statistic)

75698.10
0.000000

Obs with Dep=0
Obs with Dep=1

59150
42168

Mean dependent var 0.416195
S.E. of regression
0.306796
Sum squared resid
9534.632
Log likelihood
30949.31
Restr. log likelihood 68798.36
Avg. log likelihood 0.305467

T otal obs

101318
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B. The rationality of herding
We conduct logistic regression model and analyze two
aspects both. The dependent variable is default. The result is
shown in Table 5.
1)
Rationality of herding when choosing borrowers
The coefficient of SUCCESS is significantly positive while
FAILURE is significantly negative, which is contrary to
common sense. We believe one possible exp lanation is that
borrowers with mo re successful borrowing records can obtain
loans easily (see Table 4) and they may use such advantage and
make a fortune before leaving the market. Borrowers with
more failed borrowing records should have little chance to get
loans successfully but once they get loans, they cherish such
chance and try to refund to improve their credit status. Thus we
believe that the herding behavior of lenders when choosing
borrowers is irrational.
Other conclusions can be found. First, when credit grade is
low, borrowers tend to default. Second, the coefficient of
TYPE A and TYPE D is positive. One possible explanation is
as follows. For type A listings, platforms compensate for
lenders when the listing is overdue. When borrowers default,
platforms will replace borrowers to compensate, which
alleviate the responsibility and willing to pay back of
borrowers. The exp lanation of type D listings is the same.
Second, when rate and duration is large, the possibility of
default is large because borrowers are not willing to pay back.
Third, males are more likely to default. The result is the same
as previous research (Chen D et al., 2013). Forth, wage owners
are more likely to default because they have more liv ing
pressure than other occupations and the average financial
situation is not good.
2)
Rationality of herding when choosing listings
The herding index is not present in Table 5 because the p
value is very high. To validate such result, we incorporate
independent variable: the number of bidders, which is the
same method of precious research, and the p value is still high.
Thus we believe when lenders choose listings, the rationality
of herding behavior is not certain.
Though herding in the listing is irrelevant to default,
herding in the borrowers is significantly relevant to default.
Thus considering the two aspects of herding behavior both, we
conclude that herding behavior is irrat ional. The result is the
same as Chen D et al. (2014)
TABLE V.

Variable
C
GABC
SUCCESS
FAILURE
T YPEA
T YPEB
T YPED
RAT E
DURAT ION

T HE RATIONALITY OF HERDING

Coefficient Std. Error

t-Statistic

Prob.

0.302860
-0.137964
0.000343
-0.010680
0.134429
-0.102351
0.051061
0.002478
0.011603

10.31501
-9.986190
14.16693
-7.033386
11.88790
-7.384078
2.445383
2.015790
10.87373

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0145
0.0438
0.0000

0.029361
0.013815
2.42E-05
0.001519
0.011308
0.013861
0.020881
0.001229
0.001067

MALE
0.039104
OCCUPATIN_ST UDE
NT
-0.206123
OCCUPATION_WAG
E_EARNERS
0.043478
CER_EDUCATION -0.080725
CER_MOBILE
-0.031996
TOTALLY_PAYBAC
K
-0.012228
DEFAULT BUTPAYB
ACK
-0.011569
R-squared
Adjusted R-squared
S.E. of regression
Sum squared resid
Log likelihood
F-statistic
Prob(F-statistic)

0.275382
0.274590
0.328665
1482.369
-4199.191
347.6843
0.000000

0.007969

4.907102

0.0000

0.018751

-10.99244

0.0000

0.006031
0.007109
0.006513

7.208884
-11.35561
-4.912334

0.0000
0.0000
0.0000

0.000292

-41.91884

0.0000

0.001515

-7.635030

0.0000

Mean dependent var
S.D. dependent var
Akaike info criterion
Schwarz criterion
Hannan-Quinn criter.
Durbin-Watson stat

0.182037
0.385889
0.613610
0.622376
0.616531
1.977418

VI. CONCLUSION
We study herding behavior in P2P lending in this paper.
We try to solve two problems: whether there exists a herding
behavior and whether it is rational. We div ide herding
behavior into two aspects: herding when lenders choose
borrowers and herding when lenders choose listings. We
assume there exists herding behavior and such herding
behavior is irrational. Data is fro m PPDai, the largest P2P
lending platform in China. Empirical study prove that there
exists herding behavior in P2P lending and when we examine
the rationality of herding, we define herding index to exp ress
the extent of herding. Consistent with previous research, we
find herding in P2P lending in Ch ina is irrat ional. We believe
the paper contribute study of herding in so me aspects: first we
deep discuss the herding and divide it into two aspects, second
we define herd ing index based on Gin i coefficient to exp ress
the extent of herd ing, third we use new dataset from China and
enrich the empirically study of herding.
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Abstract—In this paper, we show an analysis on a reinforcement learning based approaches to allow a behavior that is
cooperative and also competitive for the human players in our
sugoroku-like board game playing environment. We model the
game as a multiagent environment and we develop the leaning
agents which learnes their behaviors by using the seven reward
functions to cooperatively play the game with other players. We
conduct a set of experiments to examine the behaviors on playing
the game with imitated human player agents on various levels of
skills.

I.

I NTRODUCTION

In recent years, entertainment in computer games is coming
to be more diverse, and the relationship between human and the
AI is much more complicated because of the development of
the AI that intelligently plays a computer game. Game playing
AI is not only as strong as humans (e.g., AlphaGo[1]) but also
capable of playing very complex action games[2] instead of
human players. However, to make a game enjoyable for diverse
level of users, realizing a cooperative behavior of (computer)
players to entertain the human players to give them a feel of
competing to other (computer) players as well as overcoming
them at the end of the playing. We argue that, realizing a
peaceful playing of a competitive game by multiple players is
an important goal to make the platform of gaming viable and
long living. It could be viewed as a similar one on discussing
a shared issue with multiple users[3][4] without breaking their
human relations. Furthermore, even on a bilateral negotiation
among just two entities is very complex to be analyzed[5], the
complexity of three or more entities for a repeated game could
be far difficult to be analyzed theoretically.
In this paper, we show an analysis on our reinforcementbased learning approaches to allow a behavior that is cooperative and also competitive for the human players in our
sugoroku-like board game playing environment. We model the
game as a multiagent environment and we develop the learning
agents which learn their behaviors by using the seven reward
functions to cooperatively play the game with other players.
In the approach, each player agent is initially constructed with
different types of reward functions and formed its learning
process on a single-agent reinforcement learning with randomly behaving agents. To evaluate our approach, we prepare
different skill-levels of imitated human player agents in the

game environment and also we prepared several kinds of the
learning agents based on the different reward functions for the
reinforcement learning. At the same time, we examine whether
the learning agents can induce the entertainable (cooperative
and competitive) situation for the user player when multiple
agents are set to play with the imitated human player. The
purpose of the work is to realize a cooperative behavior of
agents for the user players in our multiplayer simulation game
environment. We use some techniques used in the multiagent
systems[6] and agent learning techniques[7] to realize cooperative player agents on our simulation game environment to
design an user entertainable and competitive playing in the
game play.
II.

BACKGROUND

A. Difficulties on Analyzing Repeated Multiplayer Games
Board game is usually played by multiple players and
profits of those players sometimes conflict each other in the
result of the decision of players. In a simple prisoner’s dilemma
model that two players to select the cooperation or noncooperation, it is known that there is a dominant strategy.
A dominant strategy does not depend on the decision of the
other player. Therefore, the players can make their decisions
whether they know the other player’s decision or not. N
repeated prisoner’s dilemma model is a prisoner’s dilemma
model that has multiple players and players make decisions
over times, the process of learning appropriate behaviors can
be seen as an evolutional model[8]. Although the N repeated
prisoner’s dilemma model is similar to the real world model, on
a real world, players can not repeat making decisions infinitely
and the repeats can be finite times by the reason of time
limitation. A gaming on a real life has a time limitation and a
termination condition to finish playing the game. They make
the analysis of multi player limited repeated games difficult
without experimental analysis.
B. Railway Management Simulation Game
As a platform to analyze multi player repeated games, we
designed a game with a motif of railway management. Figure
1 shows the model of railway management game in this paper.
This game can be played on a Web Browser. Players go around
the stations by throwing the dice when their turn comes. An
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important rule in this game is that a player can aggressively
attack other players after stepping into a yellow station instead
of throwing a dice. On this game, obtaining a profit for a player
does not always mean the loss of other players and therefore
this game is not zero-sum game.
This game has a map as a non-directed graph that may
have branches, dead end nodes, join nodes and loops. Since the
map of this game may include a loop structure with branches,
players throw the dice to move and then the the players have
to decide the directions to move.

cooperative behaviors. One is the situation that several agents
share their purpose or task and they try to communicate aeach
other to share their intensions or the obtained information to
achieve the goal. In particular, approaches based on the game
theory[9] is one of the possible way. The other situation is
that each agent has its own goals with a shared mechanism
that naturally enforce the agents to cooperate.[6]. Since there
are noises on the agent’s learning environment because of the
agents’ exploration behaviors, noise reduction method is often
necessary for such multiagent learning environment[7].

Following are the details of our game.
Player
A player is allowed to choose one action from
two basic actions: throwing a dice to go around
the station, and aggressively attacking to another
player when a player is in a yellow station. The
aim of each player is to maximize its owned
money at the end of the turn of the game.
Station
There are ”blue”, ”red” and ”yellow” stations in
the game. When a player stopped at a blue station,
the player gets the specified amount of money.
When a player stopped at a red station, the player
loses the specified amount of money. When a
player stopped at a yellow station, the player gets
a chance to aggressively attack another player.
This attack can be done at once in any turn after
stopped at a yellow station.
Attack

III.

I MPLEMENTATION

We have implemented our prototype platform to make
the game playable on a web browser as well as making
some experiments with the learned agents. Figure 2 shows an
example of the game platform with a simple map and log view,
and Figure 3 shows another example with more complicated
maps with a playable user interface. Figure 4 shows the structure of the implemented platform. Here, we used Node.js[10]
and WebSocket protocol to implement communications among
the Web browsers and our platform. We implemented the
WebSocket game server that runs on the Node.js to store
and hold the game state object. We also implemented the
learning player agents as WebSocket clients to communicate
with the game server to play the game on behalf of human
players. Because of the implementation on the WebSocket, our
platform does not deeply depend on its running environment.
Unlike ordinary WebSocket communications, since the server
can intentionally push some data to the clients, it is easy to
reflect the game state to all connected clients.

If a player has a right to attack another player, the
player can select to attack a specified player instead of throwing a dice. In such a case, appointed
player loses the specified amount of money.


 




  
Fig. 1.

Basic model of the railway management simulation game

C. Applying Multiagent Learning
Wicke[6] suggested that a reinforcement learning-based
cooperative behavior could be obtained with a very simple reward function without having complex communications
among agents. On an environment that has multiple learning
agents, there are two different situations for acquiring their

Fig. 2.

The railway management game (five stations)

A player agent in this paper is implemented as a client
program on the client-server model. The player agents connect
to the game server and send their decisions to the server when
their own turn come. Player agents have attributes that express
the states of the game. For example, a player agent can select
to throw the dice or to attack other players when its attack flag
is on. If the player agent selected to throw the dice, the agent
also calculates where the agent are able to go depending on
the points of the dice. After calculating where they can go, the
agent makes a decision by using ϵ-Greedy selection.

© 2016, Association for Crowd Science and Engineering (ACE). All rights reserved.

142

Proceedings of the 2016 International Conference on Crowd Science and Engineering (ICCSE 2016)

Fig. 3. The railway management game (with complex map and playable
interface)

Following are some important keywords of the game.
Position
Position of the agent denotes the current station
the player agent stopped at.
Money
Stopping at a blue station and getting more money
is the most promised way to win the game. At
the final turn, comparing the mount of money
that each agent has and the player that has largest
amount of money is the winner of this game.
Attack Flag
When a player stopped at a yellow station, the
attack flag is on. When the attack flag of the agent
is on, the player can attack to other players and
this makes decrease of the money of the attacked
player.
IV.

D ESIGN OF R EWARD F UNCTIONS

In this section, we focused on the acquisition of right
behaviors on a Q-Learning agent[11] on the experimental game
environment.
TABLE I.
num of blue stations
2

E XPERIMENTAL GAME CONDITION

num of red stations
2

num of yellow stations
1

num of players
3

A leaning agent receives the ”reward” from the game
environment on the learning steps. We design some different
rewards for learning agents to acquire their behaviors.
Following are the details of the prepared reward functions.
functionA
This reward function refers to the actions that the
learning agent takes. Going to a blue station or
a yellow station and then aggressively attacking

to other players will be positive value rewards.
Going to a red station will be a negative value
reward.
functionB
This reward function refers to the game rank
after the player agent’s action. This gives its max
reward for being at the rank 1 and gives its
minimum reward for being at rank 3 when there
are three players.
functionC
This reward function refers to the particular
player’s money after each action of the learning
agent. If another player’s money is equal to the
learning agent’s money, it will be a positive reward, otherwise it will be a negative reward.
functionD
This reward function gives a negative reward
for the learning agent’s aggressive attack after
stopping at yellow station. Otherwise this will give
positive value reward.
functionE
This reward function refers to the difference of
the money between agents. If difference of the
money between the learning agent and the closest
agent and the value is less than or equals to 2,
this will give a positive value reward. Otherwise
it will give a negative value reward.
functionF
This reward function refers to the change of the
rank in the game. If the rank of a learning agent
moves to upward after the learning agent’s action,
it will give a positive reward. If the rank of a
learning agent has been down after the learning
agent’s action, it will give a negative reward.
functionG
This reward function gives a negative reward
when selecting an aggressive attack to other players. If the learning agent selects an action of
attacking to other players, it will give a negative
value reward. Otherwise it will give a positive
reward.
Table I shows the experimental conditions to acquire the
basic behaviors of learning agents. To make the experiment
simple, we set the number of players to three. In this phase, we
prepared an agent as a Q-Learning agent and others are random
agents that select their action at random. We put five stations
in the experimental game environment. We set the maximum
turns in one game to 99 turns and conducted 7000 games. As
we mentioned above, when a player stopped at a blue or a
red station, we increase or decrease the player’s money with
1, respectively. If a player decides to aggressively attack other
players, we decrease the selected player’s money with 2. When
a learning agent’s turn comes, if it is possible to select an
action from throwing the dice or aggressively attacking to other
players, the action will be chosen by using ϵ-Greedy (ϵ=0.1). If
the learning agent decides to throw the dice, the learning agent
lists up where the agent is able to go depending on the points
of dice throw and selects the direction to go. If the learning
agent decides to aggressively attack other players, the learning
agent has to select the player to attack. Table II shows the
performance of learning agents with the shown seven reward
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Fig. 4.

The architecture of implemented platform

functions when playing with two random players.
V.

We examined the possible combinations of those agents in
the experiments.

E VALUATING C OOPERATIVE B EHAVIORS

A. Experimental Conditions

B. Result

In this section, we discuss what kind of player agents can
cooperate with human player. Based on the experiment on
the acquisition of basic behaviors, the agents that are using
evaluation function A or evaluation function B performed with
better average ranks on playing the game. Here, we prepared
the basis to implement an imitated human player by using
the agent’s stochastic action selection methods for evaluating
cooperative behaviors of learning agents with actual human
players who may have different skills to play the game. We
have chosen that as the learning agent learned by the evaluation
functionB (reward refers to the rank) and the agent chooses
actions based on the learned Q table. This agent is appeared
to be able to act like keeping high game rank in the game. At
the time that the imitated human players plays the game, it has
a mechanism to imitate human player’s un-optimal behaviors
in the game environment. To realize the behavior, we applied
a mechanism that adjusting the ϵ value in that condition.
This shows that, the presented approach could not sufficiently
work when the human player is too strong for those learned
agents. This is one of the limitations of the presented work. By
adjusting the agent’s ϵ values used in the process of choosing
probabilistic actions, the agent could imitate different levels
of the human players. The imitated human player does not
always make decisions that will make benefits for the agent
and such random behaviors have been chosen in probability
of ϵ. We conducted the game playing experiment using three
player agents. Instead of using a human player, we prepare the
imitated human player agent as we mentioned above. For the
ϵ value for the variety of imitated human player agents, we
set 0.1, 0.3 and 0.5 for ϵ. For the opponent players of imitated
user player, we use the best agents, learned with functionA,
functionB and functionE, which have been performed in the
preliminary experiments with the seven different evaluation
functions that we mentioned above.

Figure 5, Figure 6, and Figure 7 show the results of the
experiment at game playing that were conducted by three
players. In those experimental playing records, one imitated
human player and two other learning agents have been used.
Here, an important observation is that, in most cases (excluding
e=0.1), having different kind of player agents with a imitated
human player can be seen that they cooperatively acting to
entertain the user player. In other cases, the human player has
been the leader of the game on their early stages or a computer
player leaded the game but the imitated human player had little
chance to win. In all cases, the player agents did not have any
pre-learning for such cooperative behaviors. This suggests that
having a good combination of different kind of players will
make the agents cooperative in some conditions. However, at
this moment, there is still a question whether this could be
viewed as a factor of collective intelligence which can be seen
on a human-group[12]. The work could be extended to have
an ability to find a better combination of computer players for
a specific user to entertain on the game playing.
VI.

D ISCUSSION

In the case that the imitated human player with ϵ=0.1
played with the combination of the agents that is learned by
two different evaluation functions, the imitated human player
begins to dominate and get the advantage of money among the
three players at the turn six. In the case the imitated human
player with ϵ=0.3 or ϵ=0.5, player’s moneys are not so different
among three players from the beginning of the game and it
continues until the middle to later turns of the game. Finally,
the imitated user player wins. in that condition. This shows
that, the presented approach could not sufficiently work when
the human player is too strong for those learned agents. This
is one of the limitations of the presented work.
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TABLE II.
function
A
B
C
D
E
F
G

P ERCENTAGE OF THE ACTIONS OF EACH

EVALUATION FUNCTIONS

blue station
48.2%
49.3%
50.5%
24.8%
39.9%
44.84%
25.68%

attack
0.69%
22.6%
0.4%
0.6%
3.8%
11.67%
0.65%

red station
7.25%
3.9%
43.0%
46.5%
42.1%
22.60%
47.11%

yellow station
43.8%
24.0%
6.1%
27.9 %
14.0 %
20.89%
26.56%

average rank
1.1
1.0
1.9
2.6
1.9
1.29
2.68
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VII.

C ONCLUSION

In this paper, we showed an analysis on a reinforcementbased learning approaches to allow a behavior that is cooperative and also competitive for the human players in our
sugoroku-like board game playing environment. We prepared
a simplified sugoroku-like board game design which refers the
competitive railway management simulation game that is a
multi player board game played on a web browser. In the
approach, each player agent was initially constructed with
different types of reward functions and formed its learning process on a single-agent reinforcement learning with randomly
behaving agents. We prepared different skill-levels of imitated

human player agents in the game environment and also we
prepared several kinds of the learning agents based on the
different reward functions for the reinforcement learning. We
examined whether the heterogeneity of learning agents can
induce the entertainable (cooperative and competitive) situation
for the user player when multiple agents are set to play the
user. As a result, when the human player is on the middle to
lower skills at the playing of the game, those heterogeneously
constructed team of agents well entertained the playing of the
game for the imitated human players. Further discussions could
be done on how this kind of good mixture of diverse types of
players could be done for the case that has two or more human

© 2016, Association for Crowd Science and Engineering (ACE). All rights reserved.

145

&!"

&!"

%#"

%#"

%!"
)*!+&"

$#"

,-.-,"/0"/1-"234-,-56-"
$!"
,-.-,"/0"/1-"234-,-56-"

!"#$%&"'&()$#*+

!"#$%&"'&()$#*+

Proceedings of the 2016 International Conference on Crowd Science and Engineering (ICCSE 2016)

#"

$" &" #" '" ("$$"$&"$#"$'"$("%$"%&"%#"%'"%("&$"&&"

,-.#+

,-.#+&

&!"

&!"

%#"

%#"

%!"
)*!+&"

$#"

,-.-,"/0"/1-"234-,-56-"
$!"
,-.-,"/0"/1-"234-,-56-"

!"#$%&"'&()$#*+

!"#$%&"'&()$#*+

Each agent’s transition of money in each turns with imitated human player (ϵ=0.3:left,ϵ=0.5:right), functionE and functionE (one game)

[4]

[5]

[6]

)*!+#"

$#"

,-.-,"/0"/1-"234-,-56-"
$!"
,-.-,"/0"/1-"234-,-56-"

!"
$" &" #" '" ("$$"$&"$#"$'"$("%$"%&"%#"%'"%("&$"&&"

$" &" #" '" ("$$"$&"$#"$'"$("%$"%&"%#"%'"%("&$"&&"

,-.#+

,-.#+&

Each agent’s transition of money in each turns with imitated human player(ϵ=0.3:left,ϵ=0.5:right), functionA and functionA (one game)

R EFERENCES

[3]

%!"

#"

players.

[2]

,-.-,"/0"/1-"234-,-56-"

!"

!"

[1]

,-.-,"/0"/1-"234-,-56-"
$!"

$" &" #" '" ("$$"$&"$#"$'"$("%$"%&"%#"%'"%("&$"&&"

#"

Fig. 7.

)*!+#"

$#"

#"

!"

Fig. 6.

%!"

V. Mnih, K. Kavukcuoglu, D. Silver, A. A. Rusu, J. Veness, M. G.
Bellemare, A. Graves, M. Riedmiller, A. K. Fidjeland, G. Ostrovski,
S. Petersen, C. Beattie, A. Sadik, I. Antonoglou, H. King, D. Kumaran,
D. Wierstra, S. Legg, and D. Hassabis, “Human-level control through
deep reinforcement learning,” Nature, vol. 518, no. 7540, pp. 529–533,
02 2015. [Online]. Available: http://dx.doi.org/10.1038/nature14236
V. Mnih, K. Kavukcuoglu, D. Silver, A. Graves, I. Antonoglou,
D. Wierstra, and M. Riedmiller, “Playing atari with deep reinforcement
learning,” in NIPS Deep Learning Workshop, 2013.
T. Ito, Y. Imi, M. Sato, T. Ito, and E. Hideshima, “Incentive mechanism for managing large-scale internet-based discussions on collagree,”
Collective Intelligence 2016, 2015.
A. Sengoku, T. Ito, K. Takahashi, S. Shiramatsu, T. Ito, E. Hideshima,
and K. Fujita, “Discussion tree for managing large-scale internet-based
discussions,” June 1-3 2016.
T. Baarslag, A. Reyhan, K. V. Hindriks, K. Fuijita, T. Ito, and M. J.
Catholijn, “Automated negotiating agents competition 2010-2015,” AI
Magazine, 2016.
D. Wicke, D. Freelan, and S. Luke, “Bounty hunters and multiagent
task allocation,” in Proceedings of the 2015 International Conference
on Autonomous Agents and Multiagent Systems, ser. AAMAS ’15.
Richland, SC: International Foundation for Autonomous Agents

[7]

[8]

[9]

[10]
[11]
[12]

and Multiagent Systems, 2015, pp. 387–394. [Online]. Available:
http://dl.acm.org/citation.cfm?id=2772879.2772930
M. K. Colby, S. Kharaghani, C. HolmesParker, and K. Tumer,
“Counterfactual exploration for improving multiagent learning,”
in Proceedings of the 2015 International Conference on
Autonomous Agents and Multiagent Systems, ser. AAMAS ’15.
Richland, SC: International Foundation for Autonomous Agents
and Multiagent Systems, 2015, pp. 171–179. [Online]. Available:
http://dl.acm.org/citation.cfm?id=2772879.2772904
R. Suzuki and T. Arita, “Interactions between learning and
evolution:: The outstanding strategy generated by the baldwin effect,”
Biosystems, vol. 77, no. 13, pp. 57 – 71, 2004. [Online]. Available:
http://www.sciencedirect.com/science/article/pii/S0303264704000565
Y. Hu, Y. Gao, and B. An, “Learning in multi-agent systems
with sparse interactions by knowledge transfer and game
abstraction,” in Proceedings of the 2015 International Conference
on Autonomous Agents and Multiagent Systems, ser. AAMAS ’15.
Richland, SC: International Foundation for Autonomous Agents
and Multiagent Systems, 2015, pp. 753–761. [Online]. Available:
http://dl.acm.org/citation.cfm?id=2772879.2773250
“Node.js,” https://nodejs.org/en/.
R. S. Sutton and A. G. Barto, Introduction to Reinforcement Learning,
1st ed. Cambridge, MA, USA: MIT Press, 1998.
A. Woolley, C. Chabris, S. Pentland, N. Hashmi, and T. W. Malone,
“Evidence for a collective intelligence factor in the performance of
human groups,” Science, October 2010.

© 2016, Association for Crowd Science and Engineering (ACE). All rights reserved.

146

Proceedings of the 2016 International Conference on Crowd Science and Engineering (ICCSE 2016)

Towards Age-friendly E-commerce Through
Crowd-improved Speech Recognition, Multimodal
Search, and Personalized Speech Feedback
Lei Meng∗ , Quy Hy Nguyen∗ , Xiaohai Tian∗ , Zhiqi Shen∗ , Eng Siong Chng† ,
Frank Yunqing Guan∗ , Chunyan Miao∗† , and Cyril Leung∗‡
∗ Joint

NTU-UBC Research Centre of Excellence in Active Living for the Elderly (LILY),
Nanyang Technological University, Singapore
† School of Computer Science and Engineering, Nanyang Technological University, Singapore
‡ Department of Electrical and Computer Engineering, the University of British Columbia, Vancouver, BC, Canada
Email: {lmeng, Nguyen.QH, XHTian, ZQShen, aseschng, yunqing.guan, ASCYMiao, CLeung}@ntu.edu.sg

Abstract—This paper presents an age-friendly system for
improving the elderly’s online shopping experience. Different
from most related studies focusing on website design and content
organization, we propose to integrate three assistive techniques
to facilitate the elderly’s browsing of products in E-commerce
platforms, including the crowd-improved speech recognition,
the multimodal search, and the personalized speech feedback.
The first two techniques, namely, the crowd-improved speech
recognition and the multimodal search, work together to allow
the elderly search for desired products flexibly using either
speech, an image, text, or any combination of them whichever
are convenient for the elderly. The personalized speech feedback
provides a speech summary of search result in a personalized
voice. That is, the elderly are allowed to choose or even create
their desired voices, and also can customize the voices in terms
of pitch, speaking speed, and loudness. As a whole, the proposed
system is expected to help and engage the elderly’s E-commerce
adoption. Testing on real-world E-commerce product datasets
demonstrated the usability of the proposed system.
Index Terms—Age-friendly E-commerce, enhanced user browsing, Crowd-improved speech recognition, Multimodal search,
Personalized speech feedback

I. I NTRODUCTION
In the past one decade, a dramatic growth in online retailing
and electronic commerce (E-commerce) has been observed
across the world. E-commerce, defined as the purchase and
sale of information, products, and services using any one of the
thousands of computer networks that make up the Internet [1],
has brought about a revolution in business practices. Through
E-commerce, many businesses have been able to increase
profitability, gain market share, and improve customer service.
Older people have a great deal to gain from E-commerce,
leading to a huge market and business potential with Ecommerce for the elderly. According to the World Population
aging 2013 report [2], the population aging is taking place
in nearly all countries in the world. Globally, the number of
older persons aged 60 years and over is expected to more
than double by 2050, from 841 million in 2013 to more than
2 billion in 2050. Beyond using the Internet to communicate
with family and friends, acquire information, and evaluate

services, the senior population has an increasing trend to adopt
E-commerce transactions, utilize online access to financial
services such as banks and brokerage firms, obtain travel
information, and research health-related services.
There are, however, open challenges and issues for the
elderly people exploring the E-commerce websites. Some
research [3] found that the elderly users aged over 65 years old
were over 40% slower than those of the younger generation
in using the internet, and were more likely to give up their
trials. One explanation is the decline of physical and cognitive
functions of the elderly [4]; while another reason is that
those aged people are not computer technologies savvy in
comparison with the young generation. As such, developing
age-friendly user interface and functions to improve the
usability of an E-commerce website for the elder users can
be a predictor of success for modern E-commerce [5].
Existing research efforts for the age-friendly E-commerce
mainly focus on the discovery of reasons for age-related
digital divide [6] and various design principles for agefriendly websites to facilitate the elderly users browsing the
webpages [7], [8], [9]. The challenges and opportunities with
E-commerce for the elderly have also attracted the attention
from industry. China’s Baidu launched a portal that caters to
the elderly [10]. Besides, Amazon has launched a specific
online store targeting at elderly users and their caregivers,
namely, the Amazons 50+ Active & Healthy Living1 . However,
these efforts typically try to improve the elderly’s browsing
experience on the Web in terms of simplifying the webpages
to facilitate their understanding and gathering and organizing
information that are expected to be interesting to them; while
limited attention has been given to assistive techniques that
help the elderly during online shopping, such as flexible ways
for the elderly to search and navigate products, convenient
approaches to facilitate the elderly finding desired products,
and personalized intelligent assistants that provide online help
and suggest products of the elderly’s interests.
1 http://www.amazon.com/b?node=5856180011
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To address the aforementioned problems, we propose
an age-friendly system for improving the elderly’s online
shopping experience, empowered with multimodal search
and personalized speech feedback capabilities. Specifically,
this system includes three functional modules, namely, the
crowd-improved speech recognition, the multimodal product
search, and the personalized speech feedback. The proposed
crowd-improved speech recognition engine (CISR) is a twostep speech recognition model leveraging the Microsoft
Speech Platform and the Bing Voice Recognition API, which
enables accurate speech recognition in real-time through a
personalized and crowd-improved product list; the multimodal
product search engine (MM-PSE) is built upon a newly
proposed multimodal search algorithm, namely, the online
multimodal co-indexing adaptive resonance theory (OMCART) [11], which works together with CISR to allow the
elderly to search for desired products flexibly using either
speech, an image, text, or any combination of them; and the
personalized speech feedback (PSF) model makes use of voice
conversion techniques [12] to present the summary of search
results to the elderly with personalized voices. The elderly
is also allowed to create new personalized voices or choose
the voice from a listed of predefined voices and customize
the voices in terms of pitch, speaking speed, and loudness.
Prototype systems for these functional modules have been
developed and tested with real-world E-commerce transaction
data.
The reminder of paper is organized as follows. Section II
reviews related work for age-friendly E-commerce. Section
III formulates the studied problem. Technical details and
implementation of the proposed system are presented in
Sections IV and V, respectively. The last section summarizes
and highlights future directions.

Another line of research lies on theories and techniques that
help web browsing of the elderly, which can be categorized
into three key directions. Studies of the first direction aim to
explore principles for web page design [17], [7], [8], [9], [21].
In [17], Thirty-six websites designed for older adults were
evaluated as to how well they complied to 25 “senior-friendly”
guidelines recommended by the National Institute of Aging2 .
“Non Browser” [7] is proposed as a new web design, in which
functionality is both restricted and presented differently. The
book [9] introduces general design principles of applications
for the elderly in terms of easy-to-use interface and easy-tounderstand functions. A web search and navigation system
for the elderly [8] is presented with clean web page design
and clear guidance, which includes three layers of information
content, a reliable and hierarchical catalogue structure with
predictable results, and a layering of functionality. A recent
study [21] evaluates the usability of E-commerce website for
the elderly and highlights the importance of clear and smart
navigation design for senior customers. The second direction
for age-friendly web browsing [22], [23] explores software
enhancements to Web browser to give users access to control
their browsing environment. The last direction focuses on the
exploration of novel assistive functions. Google investigated
and launched the function of voice search [24], [25], [26] and
developed the search engine enabled visual search “Google
images”3 . The study [27] presents a user study on using voice
demands for the elderly when browsing websites. Assistive
virtual agent is proposed in [28] for ecommerce applications
to enhance accessibility for older users, in which the elderly
consumers’ preferences for the characteristics of the virtual
agents are evaluated, in terms of modality, interaction style,
animation, realism, embodiment, and gender.

II. R ELATED W ORK

III. P ROBLEM S TATEMENT

With a target of improving the elderly’s online shopping
experience, the study of age-friendly E-commerce is related
to those on theories and technologies that aim to facilitate the
elderly to use E-commerce applications, navigate E-commerce
websites, and conduct E-commerce related activities.
A large body of related studies is on Internet adoption by
the elderly with a focus on factors resulting in age-related
digital divide [13], [14], [6], wherein E-commerce is often
treated as a case study. Through user study based approaches,
observations and factors ranging from physical behavior to
living styles are explored [15], [16], [17], [14], [18], [19],
[20], [6]. For example, an early study [15] explores the
effect of web page design for the elderly by a user study
on two types of websites, in terms of fonts, multimedia
content, and diversity of inputs. An eye-tracking based study
[16] explores how well the elderly use a search engine. The
studies [14], [18] point out that usefulness, ease-of-use, and
Internet safety are key indicators for use intention; resource
savings and self-actualization as motivators determine senior
citizens’ usefulness perception, whereas computer anxiety and
computing support are antecedents of ease-of-use.

In view that most related studies focus on theories and
design principles of websites for improving the elderly’s Ecommerce/web utilization and navigation, while few attempts
have been done in terms of innovative assistive techniques,
this study aims to develop assistive technologies to enhance
the elderly’s browsing experience in E-commerce platforms.
Specifically, we propose an age-friendly system with flexible
multimodal search and personalized speech feedback for
enhanced browsing experience for the elderly. With the
elderly’s query in terms of photos, text, speech, and arbitrary
combination of them, the proposed system is able to retrieve
all similar products in the E-commerce platform at a high
accuracy, and a personalized speech feedback is subsequently
generated to summarize the search result for the elderly. To fit
the speech to different requirements of the elderly, the elderly
could be able to tune the styles of the speech, such as speaking
speed and volume, and even to create their desired voices.
2 https://www.nia.nih.gov/
3 https://www.google.com.sg/imghp?hl=en&ei=DIn VoOfAo27uASPw7 4D
A&ved=0EKouCAIoAQ

© 2016, Association for Crowd Science and Engineering (ACE). All rights reserved.

148

Proceedings of the 2016 International Conference on Crowd Science and Engineering (ICCSE 2016)

Multimodal input
By photo

By text

User voice

By voice

T-shirt
Man
White
Cotton

User
Interface

Crowd-improved
speech recognition

Visual & textual features

User options to
choose/create voice

Personalized feedback generation

Features
from
recognized
text

Search result
summarization

Personalized voice
feedback

Multimodal
product search

Product list

Fig. 1: Architecture of the proposed system for age-friendly E-commerce.

IV. E NHANCED U SER B ROWSING FOR AGE - FRIENDLY
E- COMMERCE

Web Browser

B. Crowd-improved Speech Recognition
The crowd-improved speech recognition (CISR) system enables the voice search function of the system by recognizing
users’ voice queries for product search and then feeding the
recognized text to the search engine. As illustrated in Figure 2,
CISR employs a two-stage model for speech recognition:
•

Stage 1: with users’ voice queries captured by Web
Audio [29] capability of modern web browsers, Microsoft
Speech Platform [30] is used to recognize the speech in
real-time by a specific grammar built from a personalized
and crowd-improved product list.

Product list

Microsoft
Speech Platform

A. Overview
Looking through E-commerce websites to search for desired
products is a core part in E-commerce; while typing for
keyword-based query and the dramatic number of products in
terms of brands and categories often bring difficulties for the
elderly in browsing products on E-commerce platforms [21].
Towards age-friendly E-commerce, we propose a system with
flexible multimodal search and personalized speech feedback
to improve the browsing experience of the elderly in Ecommerce platforms. As shown in Figure 1, this system
includes mainly three functional modules, namely, the crowdimproved speech recognition, the multimodal product search,
and the personalized speech feedback. The integrated system
enables the elderly to flexibly search for products using
a combination of photos, text, and voice as inputs, and
employs a personalized speech feedback function that provides
a summary of the product search result, such as the number
of products and the number and key information of different
types of products involved, in a personalized voice, which can
be tuned or created by the elderly. In the following sections,
technical details of the three modules are presented.

Server

Speech Query
Recognized?

Recognized
text

No

Text Query

Search engine

Yes

Bing service

Fig. 2: Architecture of crowd-improved Speech Recognition

•

Stage 2: if the recognition from the first stage yields lowconfidence score, i.e. the voice query does not match any
grammar in stage 1, Bing Voice Recognition API [31],
as a fallback mechanism, is activated to perform speechto-text recognition.

The Microsoft Speech SDK is chosen from other speech
recognition platforms, including Bing Voice Recognition API,
Google Speech API, Nuance, and Wit.ai, due to its extensibility to incorporate external grammars and its convenience
for implementation on server; while Bing Voice Recognition
API is employed mainly because of its reasonable performance
and engineering flexibility as a general purpose recognition
engine, which can be easily substituted by many others for
further development when necessary, such as Google Speech
API and Nuance etc.
It is worth mentioning that the grammar-based speech
recognition in Stage 1 provides a real-time process of users’
voice inputs, and may accurately recognize keywords, such
as product names, from users’ speech with the product list.
To optimize the recognition performance gain, the product list
could be constructed in two manners:
•

Personalized: the product list is constructed using current
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users’ purchase and browsing history.
Crowd-sourced: the product list is constructed using the
recent most popular products in an E-commerce platform.
The personalized product list enables the proposed speech
recognition model to react fast and accurately for different
users’ speech by learning from individual user’s browsing
behavior; while the crowd-sourced product list takes advantage
of collective intelligence to make the proposed model contextaware when applied to different E-commerce platforms.

Product Search

•
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C. Multimodal Product Search
The multimodal product search engine (MM-PSE) aims at
providing users flexible ways to search for their desired
products in the E-commerce platform. MM-PSE is built upon a
newly proposed algorithm for the multimodal co-indexing and
retrieval of weakly labeled web images, namely, the online
multimodal co-indexing adaptive resonance theory (OMCART) [11]. As shown in Figure 3, MM-PSE includes a product
search module for processing user queries and retrieving
relevant products for the user, and a product indexing module
for product index base creation and update. We observe that
with the indexing and ranking algorithms of OMC-ART,
MM-PSE enables users to search for products flexibly using
multimodal queries, such as an image, several keywords,
or a combination of both, by creating a multimodal index
base of E-commerce products using product photos and the
associative textual description. In the following two parts, the
product indexing and search modules are briefed, of which the
technical details can be referred in [11].
1) Product Indexing: The utilized co-indexing algorithm
of OMC-ART for building the product index base is based
on an heterogenous data co-clustering algorithm, i.e. the
generalized heterogeneous fusion adaptive resonance theory
(GHF-ART) [32]. Given a raw product dataset with product
photos and textual description, without additional resources,
this algorithm automatically extracts the visual and textual
features of products and builds a two-layer index hierarchy, of
which the bottom layer contains clusters of similar products
while the upper layer contains generalized characteristics of
products in the same cluster, represented by cluster weights.
Thus, products are co-indexed by the key visual and textual
features in this hierarchy, which serves as the product index
base and enables image- and/or text-based search. As stated
in [11], the proposed co-indexing algorithm is much faster
than related state-of-the-arts with light parameter tuning of a
ratio value. Besides, the discovered common characteristics
of products in the upper layer serves as the basis for the
fast and accurate ranking algorithm for product search. More
importantly, the built product index base can be online
updated, which meets the requirements of E-commerce to
handle live big data streams.
2) Product Search: The ranking algorithm of OMC-ART
takes advantages of the two-layer index hierarchy generated
by the co-indexing algorithm for product ranking. Given a
query in terms of a photo, textual description, or a combination
of both, the ranking algorithm first compares the extracted

Feature
Extraction
Algorithm

Raw Product Data
Product Image
Product Description

Feature
Extraction
Algorithm

Indexing
Algorithm
(OMC-ART)

Indexed Products
Using Key
Features

Fig. 3: The architecture of the proposed multimodal search
engine (MM-PSE). The arrowlines indicate the online process
of product search; the dashed ones indicate the offline process
of product indexing.
visual/textual features of the query and key features of the
generalized characteristics of clusters in the upper layer of
the index hierarchy; products in the cluster more similar to
the query are subsequently compared to the query. Compared
with commonly-used ranking algorithms, the proposed ranking
algorithm of OMC-ART has been demonstrated more effective
in search accuracy and more efficient by using key features
as intermedium layer for ranking [11]. In addition, with the
batch-mode ranking manner, products in clusters less similar
to the query are less likely to be the desired ones for users.
As such, with a limited number of search result, the ranking
algorithm may stop without traversing the entire index base if
the ranking list keeps unchanged for a certain period of time,
in view that the images most similar to the query are presented
prior to those of lower similarity.
D. Personalized Speech Feedback
The personalized speech feedback (PSF) engine aims to
present the summary of search results with personalized
voices, which can either be created by the elderly or chosen
from a list of pre-defined voices and can be customized by the
elderly.
As shown in Figure 4, once receiving a textual description
of the search results, PSF first employs the IVONA text-tospeech (TTS) engine4 to generate the speech with IVONA’s
voice, which subsequently will be transformed to the voice
designated by the elderly using voice conversion techniques.
This voice can either be chosen from a list of pre-defined
voices or created by the elderly through voice recording.
Furthermore, the elderly are allowed to make the personalized
voices more comfortable by customizing the characteristics of
the voices, in terms of pitch, speaking speed, and loudness.
To ensure the high quality of the generated personalized
voices, PSF utilizes a newly proposed voice conversion
4 https://www.ivona.com/
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Fig. 4: Overview of the personalized speech feedback engine.

technique [12] to transform the IVONA’s voice into the
designated voice. Compared with other voice conversion
methods which have been shown to have own advantages and
drawbacks [33], [34], the adopted technique uses a system
fusion framework to leverage the merits of different conversion
methods [35], [36]. Please refer technical details in [12].
It is notable that, besides the voice conversion, there are
other methods to generate the voice of a specific person, such
as TTS. However, building a personalized TTS system requires
the long-time recording of the target speaker and technical
skills to manually generate the training data. Therefore, PSF is
developed with the cost-effective voice conversion techniques.
V. S YSTEM I MPLEMENTATION
In this section, we illustrate the functionality and user interface
of the developed system. At current stage, the multimodal
product search engine has been implemented in a Linux
environment and tested using real-world ecommerce data,
namely, the REC-TMALL dataset5 ; while the crowd-improved
speech recognition and personalized speech feedback functions are implemented in a Windows environment and tested
using a real-world E-commerce product dataset. Note that the
integrated system of the three functional modules above has
been in development and the following demonstration is based
on our tested version.
A. Crowd-improved Speech Recognition
Figure 5 illustrates the user interface of the crowd-improved
speech recognition system. The interface provides users with
a microphone button to record speech search query directly
in the web browser. When the recording function is active, a
volume indicator below the search box shows up to help the
users make recordings with appropriate loudness.
As described in Section IV-B, our proposed CISR system
uses a pre-defined grammar in its first stage to improve the
recognition. Table I gives examples on the grammar used.
In those examples, product titles in the selected product list
are used to extract certain keywords such as brand names

Fig. 5: User interface of CISR integrated with the search
engine of a prototype E-commerce website
and product categories. After that, the system automatically
creates recognition grammar using certain combinations of
those keywords. Note that “*” is the wild card that matches
any words so that keywords in grammars appearing in a user’s
speech will be accurately detected in Stage 1 of CISR in
real-time. In our current implementation, the extraction of
keywords from product titles requires human intervention with
certain filtering techniques.
TABLE I: Examples of generated grammar from product list
in CISR. Each line in the grammar column is a template used
in Stage 1 of CISR. The notation “*” is the wild card.
Product title

Keywords

Grammar

Sennheiser RS120 OnEar 926MHz Wireless
RF headphones with
Charging Cradle

Sennheiser,
headphone

* Sennheiser *
* headphone *
* Sennheiser headphone *

Transcend 8 GB Class
10 SDHC flash memory
card (TS8GSDHC10E)

Transcend,
memory card

* Transcend *
* memory card *
* Transcend memory card *

Table II illustrates two examples on the comparison of
speech recognition results from the Bing voice recognition
engine, the Stage 1 of CISR, and the output of CISR.
The first example demonstrates the behaviors of different
systems with an input speech when the requested product
(i.e. Sennheiser headphone) is inside the product list for
CISR, while the second example demonstrates those when
TABLE II: Examples of speech recognition results from the
Bing voice recognition engine, the Stage 1 of CISR, and the
output of CISR.
Input speech
Do you have
any
Sennheiser
headphone?
I want to
buy a
Samsung
Chromebook.

5 https://tianchi.aliyun.com/datalab/index.htm?spm=5176.100075.2368.2.5c

Recognition engine

Result

Bing voice recognition engine
Stage 1 of CISR

Do you have anything either
headphone?
Sennheiser headphone

CISR

Sennheiser headphone

Bing voice recognition engine
Stage 1 of CISR

I want to buy a Samsung
chromebook.
N/A

CISR

I want to buy a Samsung
chromebook.

zf7X
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(a)

(b)

(c)

Fig. 6: An example of search results of the multimodal search engine on the REC-TMALL dataset, with queries of (a) an
image; (b) keywords; and (c) both image and keywords.

the requested product (i.e. Samsung Chromebook) is outside
the product list. We observe that, as a general purpose
recognition engine without the help of product list, the Bing
voice recognition engine may not recognize complicated brand
name (in this case, the Sennheiser) correctly. In contrast, the
stage 1 of CISR is able to successfully recognize the product
keywords. In this case, the Stage 2 of CISR is skipped due
to high confidence of the result from Stage 1 so that the
final result of CISR is the same as the result of Stage 1.
When the requested product is outside the product list, as
shown in the second example, the Stage 1 of CISR cannot
produce any results with high confidence. However, CISR still
obtains high-quality result by activating the Stage 2, which
uses a general purpose recognition engine, currently the Bing
voice recognition engine, without constraint of the product list
grammar. In this way, CISR ensures a robust performance in
speech recognition through the two-stage model.
B. Multimodal Product Search Engine
Figure 6 illustrates the user interface and the functionality
of the developed multimodal product search engine using an
example of search results on the REC-TMALL dataset. As
observed, the designed user interface follows that adopted
by traditional ecommerce platforms with a “camera” icon to
upload images, which will be displayed on the left side of the
search bar.
As shown in Figure 6a, by uploading an image without text,
the search engine will return a list of products with similar
product photos in a top-down left-right order in terms of
similarity. This similarity is, as suggested in [11], measured by
three types of visual features, including the grid color moment,
the edge direction histogram, and the wavelet texture. We
observe that three products in the top four returned ones are of
the same brand to the uploaded image. Note that the uploaded

image is exactly that of the top one returned product. The cloth
of the top third product is not of the same style to the query
though, it is visually similar in terms of the whole. Because
all related products are listed in the top four products, the rest
products are not similar to the query. However, these products
are also related to fashion cloth. These findings demonstrated
the effectiveness of the search engine.
As a flexible multimodal search engine, besides visual
search, users are also allowed to query by text or a combination
of both image and text, as shown in Figures 6b and 6c.
Note that the text is in Chinese because the utilized RECTMALL dataset is from a Chinese E-commerce platform.
From Figure 6c, we observe that, with additional textual
description in the query, the search result has a significant
improvement, compared with those in Figure 6a; besides the
products of the same brand to the query, the rest retrieved
products are all about fashion lady cloth of Korean style,
which meet all requirements in the textual description. We
also observe that the search result using solely keywords in
Figure 6b is quite different from that in Figures 6a and 6c.
This is because the multimodal search engine, namely, the
OMC-ART [11], is able to make a tradeoff for measuring the
similarity between the query and products in the index base,
which is an automatically leaned parameter during the product
indexing process and can be fine-tuned manually.
C. Personalized Speech Feedback
As described in Section IV-D, PSF allows the elderly to select
preferred voices, create personalized voices, and customize
voices. Figure 7 shows the user interface of PSF. As observed,
the pre-defined and personalized voices are listed in different
sectors, and the elderly may play the audio sample of each
voice by clicking the flag on the right side of the speaker’s
name, say “amy”, and select their favourite ones for speech
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Fig. 7: The user interface of the prototype system with the
personalized speech feedback engine.

Please read thts sentence.

Many farms could be bankrupted as a result.

t

Start Recording

~ Play

h

Upload

Sentences
You can review or re·record any senter.ce by dlcking on one betow.
farms eould

~ bankru~d

as a ~sutt.

",. matn ehal"nG' for cutturat tndusm.s Is obvlousty information *hnology.

Slaws: Recorded

(a)

(b)
Fig. 8: The user interface of the prototype webpage for voice
recording.

Fig. 9: The pop-up panel for voice customization.

“Start Voice Conversion Training” button at the bottom of the
webpage (Figure 8b) to train a personalized transformation
function. When completed, the trained voice will be added
to the user interface for voice selection, in our case shown
in Figure 7, the option “Simon” under the “Personalized
voices” list. It is worth mentioning that to achieve a robust
transformation function, the recording should be done in a
quiet environment, and the speaker is preferred to use a neutral
speaking style.
Beyond the creation of personalized voices, the elderly can
click the “Tune voice” button to modify any voices in the
lists of predefined voices and personalized voices through a
pop-up panel. As shown in Figure 9, the elderly may tune the
characteristics of the selected voice to customize the voices to
be more comfortable to them, in terms of the speaking speed,
the pitch, and the loudness. Besides, a preview function is
provided for checking the customized voices. After that, user
can save the changes by clicking the “Save Configuration”
button.
VI. C ONCLUSION AND F UTURE W ORKS

feedback. Besides, the elderly are able to create personalized
voices or customize the selected voice by clicking the buttons
“Create new voice” and “Tune voice”, respectively.
Clicking the “Create new voice” button will lead the elderly
to the webpage for voice recording, as shown in Figure 8. The
elderly may create the voice of any person by inviting him/her
to read at least 20 prepared sentences for recording. Note
that we have a corpus of 100 sentences and the recording of
more sentences will result in a higher quality of the converted
voice. We also developed well-designed functions to help the
speaker finish the recording process. Specifically, as shown
in Figure 8a, a speaker can start to record by following
sentences showing one by one on the top of the webpage,
check the recording by clicking the “Play” button, and upload
the recordings of good quality to server. Once uploaded, the
speaker can check the recording of each sentence. Note that
Figure 8a captures the screenshot of two example sentences.
Once the recording is finished, the speaker may click the

This paper presents a system for age-friendly E-commerce,
targeting at enhancing the elderly’s browsing experience in
E-commerce platforms. Different from most existing work
focusing on age-friendly website design, the proposed system takes advantage of recent advanced search and speech
technologies, and provides assistive functions for the elderly,
including crowd-improved speech recognition, flexible multimodal search, and personalized speech feedback. The crowdimproved speech recognition function makes use of a crowdsourced and personalized product list to provide fast and
accurate recognition of the elderly’s voice query. The flexible
multimodal search engine, working together with the crowdimproved speech recognition function, support speech, visual,
and text queries for product search, in terms of individual or
any combination of them whichever are convenient for the
elderly. The personalized speech feedback function provides a
speech summary of search result in a personalized voice for the
elderly, which is aimed to facilitate the elderly to understand
the large amount of returned products relevant to their query.
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Note that through the personalized speech feedback function,
the elderly are able to customize the synthetic voice, such as
volume and speed, and even create their preferred voice.
Despite the current achievement, our future work mainly
includes three aspects. First, the three testified functions of
the proposed system will be implemented into one platform.
Second, a series of user study will be conducted to evaluate
the system and guide further research on system improvement.
Third, other assistive techniques will be explored to enrich the
system, such as age-friendly online assistant and personalized
product recommendation.
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Abstract—Today’s software engineers often work in teams to
develop complex software systems. Therefore, successful software
engineering in practice not only require team members to possess
sound programming skills such as analysis, design, coding, and
testing, but also soft skills such as communication, collaboration,
and self-management, etc. However, existing examination based
assessments are often inadequate for quantifying students’ soft
skill development. In this paper, we explore alternative ways for
assessing software engineering students’ skills through a datadriven approach. Leveraging our proposed HASE online agile
project management (APM) tool, we conducted a study involving
21 Scrum teams consisting of over 100 undergraduate software
engineering students in multi-week coursework projects in 2014.
During this study, students performed close to 170,000 software
engineering activities logged by HASE. By analyzing the collected
activity trajectory dataset, we demonstrate the potential for this
new research direction to enable software engineering educators
to have a quantifiable way of understanding their students’ skill
development, and take a proactive approach in helping them
improve their programming and soft skills.

I. I NTRODUCTION
Most hiring managers in software engineering companies
understand that a successful member of software engineer
needs to be strong in both programming skills (e.g., software
design, coding, and testing skills) and soft skills (e.g., communication, collaboration, and self-management skills) [1]. Programming skills can be gauged, at least in part, from students’
performance in examinations and programming contests. Soft
skills are much harder to assess, especially during the limited
time given in job interviews. Although the concept of these
skills can be taught, the ability to apply them consistently in
practice can only be acquired through one’s own experience.
In tertiary education institutions, software engineering students are often assessed by a combination of examinations
and coursework projects. Many educators have realized the
limitations of examinations in assessing students’ practical
skills. Thus, coursework projects often serve as an opportunity
for students to both practice and demonstrate their skills.
However, as an instructor has to face tens or even hundreds
of students in a semester, it is not practical for him/her to
know the weaknesses and strength in each student’s skills in
detail through observation. Technologies that can subjectively
quantify students’ skill development are needed to enable
instructors to proactively and effectively help each student.

With the emergence of systems capable of collecting personal behavior trajectory big data [2], data-driven analysis of
people’s characteristics over time is changing how students’
performance can be measured. Some funding agencies are
starting to support research in data-driven student assessment
technologies to complement traditional examination scores.
For example, the Ministry of Education in Singapore has
started an initiative to build technological solutions capable
of holistically assessing students’ 21st Century Competencies
(e.g., critical thinking, self-directed learning skills)1 .
Following a similar line of thinking, in this paper, we
explore how software development behaviour data can be
used to assess students’ programming and soft skills. As
agile software development (ASD) involves many human
factors reflecting developers personal characteristics compared
to other plan-driven methodologies [3], we focus on tracking
students’ activities in the ASD process. For this purpose,
we conducted a 12 week study involving 125 undergraduate
software engineering students from the Beihang University,
Beijing, China. The students self-organized into 21 ASD teams
of 5 to 7 persons. Each team developed one software system
of significant complexity following the Scrum ASD method
as part of their course requirements. Some examples of the
coursework projects include “A Personal Healthy Living App”,
“A Social Network App for Senior Citizens”, and “An Activity
Tracking App for the Elderly”, etc.
Students in this study carried out software engineering
activities at various stages of the Scrum methodology in our
online agile project management (APM) tool - the Humancentred Agile Software Engineering (HASE) platform (http:
//www.linjun.net.cn/hase/) [4]. HASE mainly supports activities during the sprint planning and sprint review/retrospective
phases. Such activities include proposing tasks, estimating the
priority, difficulty and time required for each task, deciding
how to allocate tasks, collaboration information, reviewing the
timeliness and quality of completed tasks, and providing feedback on individual team member’s mood at different points
in time during a sprint. During the study, students logged
169,137 ASD activities in the HASE platform. By analyzing
the collected dataset to reflect students’ programming skills,
1 The plan for the initiative can be accessed from: http://www.moe.gov.sg/
media/press/2010/03/moe-to-enhance-learning-of-21s.php
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collaboration, and mood stability, we demonstrate the potential
of this research direction and discuss its implications for
software engineering education.
II. R ELATED W ORK
To the best of our knowledge, there has yet to be published
previous studies using software engineering activity data to
assess software engineers’ skills. Nevertheless, as the skills
assessment has always been an important problem, other
methods have been applied in an attempt to address it.
Author in [5] advocated evidence-based software engineering (EBSE) similar to what is happening with evidence-based
medicine. A technological platform for tracking and analyzing important factors in software engineering such as skills
factors and lifecycle factors were called for, and the benefits
of which were analyzed. Nevertheless, the work intends to
produce methods to support the development of high quality
of software through objective analysis of performance related
indicators. Although similar in principle to our work, [5] does
not specify how EBSE can assess the skills demonstrated by
the software engineers or how such insight can be used to
improve software engineering education.
In [6], the authors presented the results of a systematic
literature review concerning agile pair programming effectiveness. The paper analyzed compatibility factors, such as the feel
good, personality, and skill level factors, and their effect on
pair programming effectiveness. Four metrics were used in the
analysis: 1) academic performance, 2) technical productivity,
3) program/design quality and 4) learning satisfaction. As the
study was not focused on assessment, the general findings
are not useful for skills assessment. Nevertheless, it did point
towards the importance of soft skills in software engineering.
The study reported in [4] started to track personal performance data with agile project management tools to study
task allocation related decision-making under Scrum. It employed the same research techniques as reported in this paper.
However, the study in [4] focused on analyzing students’
programming skills and did not consider their soft skills such
as collaboration and mood.

2)

3)

4)

III. S TUDY D ESIGN
In this section, we present our research approach, and the
metrics adopted in our analysis.
A. Research Approach
We use the HASE APM platform to unobtrusively track
the student participants’ activities in the Scrum ASD process,
including their decision-making, collaboration, task assignment and mood, etc. The platform provides five main features
to support agile project management which cover the sprint
planning and sprint review/retrospective phases:
1) Registration: In order to build user profiles, HASE
requires registrants to specify their self-assessed competence levels in different areas of expertise such as
familiarity with specific programming languages, system
design methodologies, and user interface (UI) design

5)

6)

tools, etc. This information will only be used to compute
an initial assessment for a user in the absence of peer
ratings or performance data. Once data from these
relatively more objective sources become available, the
user’s self-assessment will be excluded from the assessment result.
Team and Role Management: HASE supports the creation of teams, the selection of product owners and
stakeholders into the teams, and the assignment of
different roles within a team (e.g., programmers and UI
designers).
Task Management: Task information including task description, skills required for the task, and the person who
proposed each task is displayed for all team members
to view. The difficulty value of each task τ , is recorded
using an 11-point Likert scale [7] (with 0 denoting
“extremely easy” and 10 denoting “extremely hard”).
Each team member can input his/her estimated difficulty
value for each task into the HASE platform. The HASE
platform then uses the average difficulty value for the
task (Dτ ). The students were asked to take into account
the technical challenge as well as the amount of effort
required when judging the difficulty of a task. The
priority value of each task τ , is also recorded using
an 11-point Likert scale (with 0 denoting “extremely
low priority” and 10 denoting “extremely high priority”).
Each team member can input his/her estimated priority
value for each task into the HASE platform. The HASE
platform then uses the average priority value for the task.
Sprint Planning: HASE records the teams’ decisions
on which tasks are assigned to which team member
during each sprint. Once assigned, the status of the
task becomes “Assigned”. The assignee i inputs his/her
confidence value (Confτi ) for each task τ on an 11-point
Likert scale (with 0 denoting “not confident at all” and
10 denoting “extremely confident”). Each team member
also inputs the estimated required time to complete each
task (in number of days). The HASE platform uses the
average estimated time required to generate the deadline
for the task (Tτest ). Apart from a primary assignee,
multiple students can collaboratively work on a task. The
collaborator information for each task is also recorded
by HASE.
Sprint Review/Retrospective: Once a task is completed,
the assignee changes its status in the HASE platform to
“Completed”. This action will trigger HASE to record
the actual number of days (Tτact ) used to complete this
task. HASE also provides functions for team members
to peer review the quality (Qualτ ) of each completed
task τ . The quality of a completed task is recorded in
the platform using a 11-point Likert scale with 0 representing (“extremely low quality”) and 10 representing
(“extremely high quality”). The average quality rating
for each task is used by HASE as the final quality rating
for that task.
Team Morale Monitoring: During the sprint planning
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meeting, team members can report their current mood
values into the HASE platform. A person i’s mood at
the beginning of a sprint t (mbegin
(t)) is represented
i
on a 5-point Likert scale with 1 representing “very
low” and 5 representing “very high”. During the sprint
review/retrospective meeting, each task assignee i can
report his/her mood after completing a task at the end
of sprint t (mend
(t)) using the same 5-point Likert scale.
i
The input data to the HASE platform required from ASD
teams are as a result of students’ activities following the Scrum
methodology. In this way, users of HASE can behave as if they
are using any APM tool without expending additional effort
to help with data collection. Thus, the data collection process
remains unobtrusive to the participants. Over the 12 week
period of the coursework project, the HASE platform collected
169,137 behaviour trajectory records related to software engineering activities from the 125 students who participated in
this study. The anonymized dataset is made available to the
research community to support further studies and analysis2 .
2 Link

to the dataset.
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Fig. 3. Intra-week mood variation.
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B. Metrics
In this paper, we adopt the exploratory data analysis (EDA)
approach [8] to analyze the data collected. EDA is an approach
for analyzing data sets to summarize their main characteristics,
often with visual methods. It is primarily for understanding
what can be learnt from the data beyond the formal modeling
or hypothesis testing task. We use the following metrics to
facilitate our analysis:
1) Technical Productivity (µi ): it refers to the average
amount of workload a student i can complete during
a sprint. In this study, we use the task difficulty value
as an indicator of the workload of a task as the task
difficulty values reported by students denote both the
technical challenge and the amount of effort required to
complete the task.
2) Competence (Compi ): it refers to the probability a
student i can complete a task assigned to him/her with
satisfactory quality before the stipulated deadline. In this
paper, the outcome of a task needs to achieve an average
quality rating higher than 5 out of 10 in order to be
considered as having satisfactory quality. This metric is
similar to a student’s reputation. Thus, we adopt a reputation computation model - the Beta Reputation model
[9] - which is widely used in the fields of online services,
artificial intelligence and network communications [10],
[11], [12], [13], [14]. It is calculated as follows:
Compi =

αi + 1
∈ (0, 1)
(αi + 1) + (βi + 1)

where αi and βi are calculated as:
X
αi =
1[T act −T est ≤0 and
τ

τ

(1)

Qualτ >5] Dτ

(2)

Qualτ ≤5] Dτ .

(3)

τ ∈φ(i)

βi =

X

1[Tτact −Tτest >0 or

τ ∈φ(i)

The function 1[condition] in Eq. (2) and Eq. (3) equals to
1 if “condition” is true. Otherwise, 1[condition] equals to
0. φ(i) denotes the set of tasks i has previously worked
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on until the current point in time. The “+1” terms in
the numerator and denominator of Eq. (1) are Laplace
smoothing terms [15] which ensure that if i has no
previous track record, Compi evaluates to 0.5 indicating
maximum uncertainty about i’s performance.
3) Team Morale (Begin) (Mjbegin (t)): it refers to the average of the mood values reported by members of team j
during the sprint planning meeting of sprint t.
4) Team Morale (End) (Mjend (t)): it refers to the average of
the mood values reported by members of team j during
the sprint review/retrospective meeting of sprint t.
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Technical Productivity

An exploratory data analysis has identified certain personal
characteristics which may become useful markers for assessing
students’ skills in the future. Figure 1 shows the participants’
competence scores versus their productivity scores at the end
of the study. It can be observed that the participants’ performances in terms of these metrics are quite distinguishable. In
general, participants who demonstrated high competence tend
to also be able to handle high workloads allocated to them
(r = 0.7443, p < 0.01). One participant achieved significantly
higher competence and productivity scores than the rest of the
participants.
Collaboration is generally regarded as a useful way to
improve the effectiveness and efficiency of a software team.
Figure 2 shows a heat map of the number of collaborators per
task each participant had for each of the 12 weeks. The lighter
the color of a point on the figure, the more collaborators per
task that participant had for that particular week. The color
scale mapping different color gradients to the actual number
of collaborators per task is shown on the right-hand side of
the figure. Participants are ranked according to their average
number of collaborators per task per week. Those who are
shown at the bottom of the figure ranked the highest among
their peers. It can be observed that this metric can distinguish
the behaviors among different participants clearly.
Stability of mood is a sign showing one’s maturity and
self-management skills. Figure 3 shows a heat map of the
intra-week mood change (which is computed as ∆mi (t) =
mend
(t) − mbegin
(t) ∈ (−5, 5) for each week) over the
i
i
12 weeks. 102 out of the 125 participants provided valid
reports on their mbegin
(t) and mend
(t) values. The color
i
i
scale mapping different color gradients to the intra-week
mood change is shown on the right-hand side of the figure.
Participants are ranked according to their average intra-week
mood change values per week over 12 weeks. Those who are
shown at the bottom of the figure ranked the highest among
their peers. It can be observed that this metric can distinguish
the behaviors among different participants quite clearly. The
mood of those who ranked high on this metric tends to increase
at the end of a week after a sprint of development. And as
their mood at the beginning of the week also tends to be high,
the increments are generally small. Thus, their mood remain
relatively stable throughout a sprint. Those who ranked low on
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Fig. 5. Students’ average morale before a Sprint.

this metric (top part of the figure) tend to have big negative
mood swings, especially towards the end of the study.
In order to explore if the assessment of participants’ skills
may help us identify students who are good at hands-on
software engineering but did not stand out in examinations, we
construct a skills score to aggregate the effect of competence,
productivity, collaboration, and mood stability into one scalar
measurement. In this study, the skills score, Sskills (i), for a
participant i is computed as:
Sskills =

Sµi + SCompi + Scoli
100
,
×
1 − S∆mi
3

(4)

where Sµi ∈ [0, 1], SCompi ∈ [0, 1], Scoli ∈ [0, 1] and
S∆mi ∈ (−1, 1) are the normalized scores for i in terms of
productivity, competence, collaboration, and mood stability,
respectively (Sskills (i) ∈ [0, 100]).
Figure 4 plots the participants’ skills scores against their
examination scores for the subject of software engineering
in the same semester. The examination paper used was the
standard software engineering end-of-semester examination
paper from the Beihang University, which has been designed
by the professors in charge of the course and reviewed by
the university examination board. It can be observed that,
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0.01), indicating a statistically significant positive correlation.
Therefore, based on these analysis, team members with high
technical productivity tend to have high morale, especially at
the end of a sprint after completing the tasks allocated to them.
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Fig. 6. Students’ average morale after a Sprint.

according to their exam scores, their performance clustered in
the range of 80 to 100 marks, enabling almost all of them to
achieve a grade of A or A+. However, their skills scores spread
from as low as 10 marks to as high as 80 marks, making their
performance more distinguishable compared to their exam
scores. The skills scores have only a weak positive correlation
with the exam scores (r = 0.2129, p < 0.05). Furthermore,
the top three best performing participants in terms of skills
scores achieved only average exam scores among their peers,
and many participants with high exam scores achieved low
skills scores.
We acknowledge that there may be other ways to compute
the skills score and we refrain from claiming that our current
formulation for the skills score is the most effective. Nevertheless, the results show that the data-driven skills score can
potentially help us distinguish the performance of software engineering students better than examination-based assessments.
Figure 5 shows the distribution of students’ average selfreported mood values during the sprint planning meeting at the
start of each sprint. The colour scale represents the average
self-reported mood values. The average mood value is 3.86
out of 5. The correlation between students’ mood during the
sprint planning meetings and their competence values is (r =
−0.0025, p = 0.9394), indicating no statistically significant
correlation. The correlation between students’ mood during
the sprint planning meetings and their technical productivity
values is (r = 0.1505, p < 0.01), indicating a statistically
significant albeit weak positive correlation.
Figure 6 shows the distribution of students’ average selfreported mood values during the sprint review/retrospective
meeting at the end of each sprint. The colour scale represents
the average self-reported mood values. The average mood
value is 3.80 out of 5 which is slightly lower than at the
beginning of the sprint. The correlation between students’
mood during the sprint review/retrospective meetings and their
competence values is (r = −0.0148, p = 0.5946), indicating
no statistically significant correlation. The correlation between
students’ mood during the sprint review/retrospective meetings
and their technical productivity values is (r = 0.4207, p <

By providing a technological platform for the longitudinal
tracking of software engineers’ behaviour trajectory data related to software development, we open up new possibilities for
different parties involved in software engineering researchers,
educators, and practitioners.
Implications for software engineering researchers: The
availability of large software engineering behaviour datasets
will present new challenges to researchers to develop new
analytics techniques. With detailed information on each user’s demographics, skills indicator values over time, detailed
interactions with the software engineering tools provided, interactions with other team members, and decisions made, etc.,
the high dimensionality of the datasets makes it a challenge to
identify which feature, or combination of features, can form
accurate predictors for certain behaviours of interest. Machine
learning [16] can be leveraged to develop useful techniques
for this purpose.
However, before this step can happen, additional efforts are
needed to complement the behaviour datasets with labelled
meta-data on what the observed behaviour patterns mean. This
can potentially be achieved by conducting follow-up interviewbased studies with the participants through carefully designed
questionnaires once unique behaviour patterns have been identified. This also further opens up the research question on how
to present the behaviour pattern data in a human interpretable
format to facilitate the interviews.
Implications for software engineering educators: Software engineer educators may be a viable source of knowledge
in the effort of building up a repository of meta-data for the
behaviour patterns obtained by the tracking platform. As they
frequently interact with students who may be using the proposed tracking platform, they can potentially provide insights
into the meanings of the behaviour patterns. The challenge
here is for software engineering researchers to provide tools
to enable educators who are willing to contribute meta-data for
the behaviour patterns to do so with ease. Techniques from the
field of crowdsourcing [17] may offer a starting point for such
an effort.
Once new techniques for automatically assessing the a
student’s skill development based on his/her behaviour patterns
are developed, new forms of real-time personalized inventions
may become available to educators. The simplest possibility
is for the system to send out alerts on students who may
require help in specific areas to course instructors. Through
mining the behaviour patterns of many students and crosschecking with their academic performance, or even employment prospects if such data are available, the system may
be able to suggest behaviour trajectories that are the most
beneficial for students from different backgrounds, thereby
making data-driven personalized software engineering training
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possible. The envisioned behaviour data tracking platform
can potentially convert software engineering education into a
test bench for open science and enable a more adaptive and
individualized learning experience.
Implications for software engineering practitioners: The
behaviour data are tracked in an unobtrusive manner by the
APM tool automatically. The peer review related functions
represent activities that an ASD team member already having
to perform when following the ASD practice. Overall, the
proposed APM tool based behaviour data tracking approach
does not require software engineers to incur additional overhead. However, the data analytics functions provide ASD
teams with insights into detailed team dynamics and performance information which can be useful for decision-making.
Furthermore, with the behaviour data as input, automatic
context-aware software engineering task allocation decision
support mechanisms [18] become a distinct possibility. These
mechanisms can be based on similar mechanisms available in
the field of crowdsourcing [19], [20], [21].
VI. D ISCUSSIONS AND F UTURE W ORK
In this paper, we explore a novel data-driven approach to
assess software engineering students’ skills. Different from
traditional interview/internship-based methods, our study is
based on participants ASD activity trajectory data collected unobtrusively during normal ASD processes through our
HASE APM platform. This type of data objectively reflects
developers ASD activities and performance at fine granularity.
As the data collection and analytics technologies further develop, software engineering students may eventually perform
all coursework activities in a technology platform capable of
unobtrusively collecting their behavior data and continuously
assessing a wide range of their skills over time. In this way, the
students’ practical skill development can be monitored by their
instructors so that pedagogical methods can be personalized to
help individual students in specific areas. Such a tool will enable software engineering educators to have a quantifiable way
of understanding their students’ skill development and take a
proactive approach in helping them develop programming and
soft skills. The skills scores may, one day, be part of a student’s
academic profile and be taken into consideration by industry
recruiters to help companies identify well rounded software
engineering talents suitable for their teams.
From this study, we see the start of a series of research and
applications in data-driven software engineering skills assessment. In future research, we plan to conduct surveys/interviews
to understand more in-depth how students collaborate. We will
continue using the HASE platform to collect agile programming activity data over subsequent semesters, and expand our
data collection effort to include more universities so as to
investigate the possible effects of socio-cultural factors. More
finely grained data such as the time each student spent on a
task and the breakdown of the usage of the time will also
be collected in future versions of the HASE platform. The
resulting datasets will be published to support the discovery
of new insights.
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Abstract—In organization’s crowdsourcing communities, users
share new product ideas as co-creators of value. This has become
a new driving force of organizations in R&D and innovation, and
the key for organizations to win competition. However, the prior
researches have limited knowledge about users’ individual
ideation efforts and performance as ideators. From the
perspective of ideators, this paper introduces Elaboration
likelihood model and explores the influence of individual
experience and textual characteristics of ideas on the
implementation of new product ideas. According to the study,
there is an inverted U-shaped relationship between the past
successful experience and the implemented ideas; past submitting
experience negatively influences the implementation of ideas; the
length of ideas negatively influences the implemented ideas; the
richness of ideas positively influences the implementation of ideas.
In the end, the theory and practical application of the research
conclusions are discussed.
Keywords—Crowdsourcing; Ideation; Past Success; Richness
of Ideas1

I.

INTRODUCTION

Enterprises use Web2.0 technology to establish
collaborative crowdsourcing-based open innovation platform
in order to obtain user-generated ideas by encouraging
interaction between enterprises and users, and among users [1,
2]. As value creators, users submit ideas which promote the
development and innovation of companies’ products [3, 4]. As
enterprises integrate users’ ideas to achieve open innovation of
product development, the quality of users ’ ideas directly
affects the innovation of product research and development. If
the user is unable to continue to provide high-quality ideas,
open innovation platform established by enterprises will exist
in name only. Therefore, company managers have faced a
practical problem that is how to take effective measures to
improve the value of users’ ideas to apply in the process of
research and development of new products.

1. National Natural Science Foundation of China (Grant No. 71272234;
71402136)

At present, researches on generating new product ideas
through organization’s crowdsourcing communities are still at
initial stage and most of them are only exploratory studies.
Despite the benefits of the relevant research results for
organizations and academic fields to better understand the
importance of organization’s crowdsourcing communities in
generating new product ideas, these studies are limited in
exploring the most basic but the most important individual’s
ideation efforts and performance since they are conducted
only from the macroscopic angle of organizations.
This paper, focusing on the influential factors of
implementing new product ideas, explores the effects of
ideators’ individual experience and characteristics of ideas on
the implementation of ideas. According to Elaboration
Likelihood Model (ELM), we integrate the influence of
individual experience and textual features of ideas on the
implementation of ideas. First, we choose past success as the
index of depth of individual experience and choose past
submitting experience as the index of breadth to explore the
inverted U-shaped relationship between the past success and
the implementation of ideas and the negative influence of past
submitting experience on implementing the ideas. Next, we
choose the length of ideas as the structural feature of ideas and
the richness of ideas as the content feature to explore the
negative influence of the length of ideas and the positive
effects of ideas’ richness on the implementation of ideas.
The theoretical contributions of this paper are
demonstrated from the following three aspects. First, we have
proposed an inverted U-shaped non-linear relationship
between past success and the implementation of new product
ideas. This offers a comprehensive theoretical explanation for
the relationship between the ideators’ past success and the
implementation of new product ideas. Second, we have
introduced basic characteristics of the structure and content of
ideas’ text, and revealed the negative influence of the length of
ideas and positive effects of the richness of ideas on the
implementation of ideas. In this way, we have improved the
previous studies which lack of discussion about the influence
of textual features and offer reference for users’ generating
ideas. Third, we have integrated the influence of individual
experience and textual characteristics of ideas on the
implementation of ideas. Thus, we have improved the prior
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researches which only focus on characteristics of individuals
or features of ideas.
II.

LITERATURE REVIEW

New product ideas refer to proposed new ideas or solutions
by users to meet a company’s need for innovation of new
products. On the crowdsourcing platforms, users respond on
the voluntary basis to the company’s call for new product
ideas generation and propose a large amount of ideas which
are related to functions and types of products and contain
users’ indications of interest and defects of products. However,
due to ideators’ inadequate professional knowledge, the
proposed ideas may not be detailed or innovative enough or
perfect in certain aspects. Besides, the submitted ideas may
have been already known by internal staff or be identical with
those generated by other ideators. For a company, it wants not
only innovative (relatively more novel than the existing ones)
[5, 6], but also of potential commercial value to the company
with reasonable implementing costs from the short- and longterm perspectives [5-8]. Such ideas will be accepted by the
company and then applied to its research and development of
new products. On the contrary, ideas featuring poor novelty,
little commercial value and high costs will not be accepted or
implemented by the company. Thus, the implementation of
new product ideas, as an objective outcome indicator, can
evaluate the innovativeness, commercial value and
implementing costs of the ideas.
In the situation of organizations’ crowdsourcing
communities, empirical researches related to the
implementation of new product ideas are still at the starting
stage. Some researches have studied the implementation of
ideas from the perspective of individual experience and the
characteristics of ideas. Though with certain achievements,
those studies still have their limitations. Bayus (2013) [9] from
the view of ideators’ individual experience, has proposed that
past success poses negative effect to the implementation of
new product ideas under the guideline of cognitive fixation
theory. However, numerous past successes should provide
ideators with adequate information and knowledge so as to
improve their individual innovative capacity [10]. But why do
they have impact on enhancing their performance in
innovation? Thus we think there remain controversial points
on the issue of possible negative effects of past success on the
implementation of ideas. Therefore, further exploration is
needed.
Based on characteristics of ideas, there have already been
studies discussing the effects of characteristics of ideas on the
implementation of the ideas. For instance, Shin et al.(2012)[11]
focused on the issue “ What kind of new product ideas will
be accepted or implemented by organizations or
enterprises?” According to the diffusion of innovation theory,
they proposed that the relative advantage, appropriability,
market value, return on investment, development of a new
capability, and compatibility of the ideas have a positive effect
on organizations’ decision to accept the ideas. Hossain and
Islam(2015) [12] through analyzing the data from Starbucks’
My Starbusk Idea, divided new product ideas into Linked
ideas and Sole ideas in view of whether the ideas are linked to

other ones. In their research, they proved that Sole ideas are
more quickly accepted and implemented by organizations than
Linked ideas only when the former cost more time, gain more
comments and accumulated points than the latter.
In conclusion, the prior studies only start from a single
aspect such as individual experience or idea features to discuss
the idea implementation; There remain controversial points in
the negative relationship between ideators’ early success and
the implementation of ideas. The relevant researches on idea
characteristics have overlooked the basic role of the structural
and content characteristics of the objective idea text
implementing the new product ideas. Thus the future studies
can improve the existing studies from the mentioned three
aspects.
III.

THEORETICAL FRAMEWORK

The ELM is introduced to explore the influence factors of
the implementation of new product ideas. ELM, a dualprocess theory on the formation and changes of individual
attitude, was proposed by social psychologist Petty and
Cacioppo in 1986 through concluding multiple relevant
theories on the formation and changes of individual attitude
and cognition [13]. ELM explains the strategies of influencing
an individual to alter his attitude towards specific objectives,
events or behaviors, and the relative effects they have
compared with each other [14]. In ELM, central route and
peripheral route together shape an individual’s attitude
towards specific objectives, events, or behaviors. During
information processing, the central route and peripheral route
require different individual efforts in thinking and varying
degrees of the elaboration of his cognition. More specifically,
central route requires the individual to actively think about the
opinions and contents of the information and comprehensively
understand the quality and relevant characteristics of the
argument before he has an judgment to the specific objective.
However, when the specific objective doesn’t interest the
individual, he will not think deeply about the opinions and
contents of the information, thus making relatively less
cognition efforts. In this case, the individual will rely on
peripheral route to make a judgment, which means the
individual subjectively depends on peripheral characteristics
such as the features of the information promulgator to form his
attitude towards a specific objective. In the researches
conducted by Bhattacherjee (2006) [15] and Tam and Ho
(2005) [16], the central route and peripheral route are studied
respectively to attain the argument quality and the reliability
of the information resources which jointly influence the
individual’s attitude towards a specific objective.
Under the framework of source credibility and argument
quality of ELM, this paper integrates the characteristics of
individual experience with innovative texts to prove their joint
influential effects on the implementation of new product ideas
[15, 16]. In this paper, the source credibility is regarded as
individual experience and ideators’ early success and past
submitting experience are counted respectively as the depth
and breadth of individual experience. The argument quality is
operationalized as the feature of ideas and we choose the
length of ideas as the structural features and the richness of
ideas as the content features of ideas’ texts. Jonassen (1993)
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[17], an educational psychologist believes that information or
knowledge generally has two major characteristics: the
structural and the content feature. The experts in organizations
read, evaluate and comment on a new product idea which is a
process of dealing with text information, thus the structural
and content characteristics of the new product idea influence
experts’ attitudes towards and decisions to implement the idea.
A. Individual Experience and the Implementation of New
Product Ideas
Past success is defined as the cumulative number of ideas
proposed by an individual and implemented by companies [9,
18], thus it is an indicator of the depth of individual
experience. Prior researches have different opinions and
conclusions on the relation between the past success and
individual innovation performance. On one hand, researches
on individual innovation indicate that past success promotes
the individual innovation performance mainly because past
success contributes to enhancing individual creative selfefficacy [19], stimulating an individual’ s intrinsic motivation
[20], and accumulating rich knowledge or experience so as to
positively influence an individual’ s innovation performance.
On the other hand, some researches suggest that past success
decreases individual innovation performance due to cognitive
fixation.
Experimental researches confirm cognitive fixation and
find that an individual tends to fixate on the principles and
features of prior examples, leading to ideas that are less
original. Cognitive fixation is individuals’ unconscious
plagiarism since they are often unaware that they are fixating
on the characteristics of past examples [21-23]. A series of
studies [24-26] demonstrate that individuals have great
difficulty in deviating from previously successful problem
solving strategies even when a problem requires a new
solution approach. Therefore, due to cognitive fixation, past
success limits individuals’ knowledge and heuristics applied
in ideation process, causing their lower innovation
performance.
Experimental studies on new product ideas confirm that
cognitive fixation is detrimental to future ideation efforts. For
example, Jansson and Smith (1991) [21] have demonstrated
the fixation effects in the product design process. They found
that due to incomplete exploration of knowledge by
individuals in the fixation group who received an example of a
possible design, their design solutions were much more likely
to include features of the example designs, leading to less
creativity or commercial value of their design solutions. Audia
and Goncalo (2007) [27] have proved that individuals with
rich successful experience are likely to generate ideas with
knowledge or models they are familiar with, thus they put
forward new product ideas with lack of diversity. Bayue (2013)
[9] has confirmed that ideators’ past success has negative
effects on the rate of ideas implemented by companies through
studying the data from Dell’s IdeaStorm. Bayus (2010) [18]
further applied the data of Dell’s IdeaStorm and proved that
past success reduces ideators’ likelihood of generating and
submitting ideas. The above experimental studies ignored the
theoretic logic of the positive effects from past success on
generating implemented ideas. Therefore, we believe that the

relation between past success and the implementation of ideas
is debatable and requires further analysis and argumentation.
This paper proposes an inverted U-shaped non-linear
relationship between past success and the implementation of
new product ideas. Ideators are major information source of
new product ideas thus their past success demonstrates the
reliability of the information source. According to specific
analysis, for ideators at the early stage of accumulating
successful experience, the whole process of generating,
submitting, discussing, revising, and improving ideas to be
implemented by companies not only helps them gain more
knowledge or experience necessary for new product
innovation [10], but also enhances ideators’ innovative selfefficacy [19] and stimulates their intrinsic motivations [20] so
that they are more likely to spend more time and energy on
new product ideas, making ideas valuable enough to be
implemented by companies. However, for ideators at the later
period of accumulating successful experience, their knowledge
and experience from prior success are gradually fixated. Due
to cognitive fixation, ideators tend to refer to previous
successful mode [28, 29], leading to lower creativity and
commercial value of their ideas which thus are less likely to be
implemented by companies [22, 30]. Based on ELM, we
believe that past success as information credibility influences
companies’ evaluation on and implementation of ideas. More
specifically, with the accumulation of prior success, there is an
inverted U-shaped relationship between ideas submitted by
ideators and those implemented by companies. In other words,
the rate of implemented ideas firstly rises and then drops
gradually as past success increases.
Hypothesis 1: An inverted U-shaped relationship between
past success and the implementation of new product ideas
Past submitting experience, as a breadth indicator of
individual experience, refers to the number of new product
ideas previously submitted by ideators [18]. As a characteristic
of information source, past submission is negatively related to
generating implemented ideas. With a growing number of
their submitted ideas, ideators are increasingly familiar with
the features and demands of generating new product ideas,
gradually forming a habitual thinking mode. The fixed
structural and similar content features of a text reduces
ideators’ likelihood of proposing ideas with novelty and
commercial value. Ford (1996) [31] put forward that
constantly cumulative working experience allows employees
to be excessively familiar with work tasks so that they tend to
propose solutions with less novelty and originality by applying
fixed thinking mode or working methods. Based on ELM, we
believe that past submitting experience, as information
credibility, is associated with experts’ value judgment of
ideas and decision-making of implementing them. Therefore,
in this paper, we propose that ideators’ past submitting
experience is negatively related to the implementation of ideas
by companies.
Hypothesis 2: Past submitting experience is negatively
related to the implementation of new product ideas.
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B. Characteristics and Implementation of New Product Ideas
The length of ideas, as the structural characteristic of an
idea’s text, refers to the sum of words in a text of a new
product idea. As argument quality, length of ideas determines
the value of an idea, negatively influencing experts’ decision
to implement the idea. Prior studies confirm that the length of
ideas is in direct proportion to the amount of information. That
is, the longer text contains more information values. Under the
background of knowledge sharing community, Wang et al.
(2015) [32] put forward that the number of words in a thread
is an important feature of argument quality and a longer thread
is the information of greater value. Ransbotham et al. (2012)
[33], against the background of wikipedia knowledge forum,
confirm that the value of informative articles might lie in more
rather than better information they contain. Therefore, prior
research shows that the length of knowledge information is the
key feature of argument quality with more knowledge
information indicating higher corresponding value. However,
different from the integrity of knowledge information, most
Internet information features fragmentization, large amount,
timeliness [34]. Thus redundant information goes against
ideators’ fast and accurate reading and comprehending, also
impedes the extensive spread of information. Susarla et al.
(2012) [35] demonstrate a negative correlation between the
length and the spreading breadth of a video based on YouTube.
In crowdsourcing communities of organizations, a large
number of ideators continuously submit lots of ideas.
Confronted with the complex selecting task, experts are
hindered to understand the content of the submitted ideas
quickly and correctly by too long textual information,
resulting in lower rate of accepted ideas. Therefore, we think
the length of ideas is negatively associated with the possibility
of ideas to be implemented by organizations.
Hypothesis 3: The Length of ideas is negatively related to
the implementation of new product ideas
The richness of an idea, as the content characteristic, refers
to the sum of multimedia argument materials in the new
product idea. Multimedia materials, including pictures, videos,
inter-linkages, and attachments, are argument or reference
materials added by ideators for content demonstration of new
product ideas. The richness of an idea, as the quality of an
argument, determines the value of a new product idea and
positively influences organizations’ decision-making in
implementing the idea. In other words, the richness of pictures,
videos, inter-linkages, and attachments in argument materials
determines the value of an idea to a large degree. Pictures and
videos demonstrate what a new product idea contains in
diversified forms, enhancing the readability and quality of the
idea. Besides, inter-linkages and attachments provides
adequate argument materials for a new product idea,
increasing the reliability and quality of the idea. Wang et al.
(2012) [32] based on knowledge sharing community,
demonstrate that the interlinkage of a thread is a key
characteristic of argument quality, and a thread containing an
interlinkage is more valuable information. Ransbotham (2012)
[33] against the background of wikipedia knowledge forum,
prove that texts with more external references and internal
inter-linkages are of greater value. Susarla et al. (2012) [35]
verifies that videos with more inter-linkages are more widely

spread. When experts of an organization process the
information of new product ideas, pictures and videos can help
them actively think about opinions and content expressed by
the idea while inter-linkages and attachments facilitate them
fully understand the quality and relevant features of the
arguments, thus ideas with diverse pictures, videos, interlinkages, and attachments are of higher quality and greater
possibility of being accepted by organizations. In this case, we
propose that the richness of ideas is positively related to the
likelihood of a new product idea to be implemented by
organizations.
Hypothesis 4: Richness of new product idea is positively
correlated with implementation of new product idea
IV.

RESEARCH METHODOLOGY

A. Data Source
To validate the research model and hypothesis, we collect
data from MIUI forum (http://www.miui.com/forum.php)
established and operated by Beijing Xiaomi Technology Inc.
(hereinafter referred to as Xiaomi Company). MIUI forum
introduces “enthusiastic fans”(users) into the R&D mode of
products to gain ideas of new functions and suggestions for
improvement from users. A section for discussing suggestions
on new functions and one for bug feedback are set on MIUI
forum to collect, screen, and integrate users’ ideas. The
discussing section on new functions suggests users to release
ideas on optimizing or adding functions of the operating
system of MIUI phones （ http://www.miui.com/forum-381.html）. The bug feedback section advises users to submit
any defect and problem in using and testing MIUI’s operating
system of various versions. As of February, 2016, the users
have submitted 127，085 ideas on new functions and 264184
bug feedback opinions [36].
B. Data Collection
Two rounds of data collection are operated in this research.
The first round is to select sample users who meet the
requirements of this study while the second is to obtain the
relevant data of new product ideas submitted by sample users.
The first round of data collection aims at selecting sample
users who belong to “MIUI Honorary Moderator”, starting
from April 15th to 29th in 2015. Two means are jointly
applied in this study to trace the members of MIUI Honorary
Moderator: one is by looking through the users as well as their
identities present in the new threads and the responds on the
treads; the other is by looking for other members of the MIUI
Honorary Moderator in the friend circle of the members found.
In the above two ways, researchers have collected 244
members of MIUI Honorary Moderator. In collecting data, we
have also recorded the names, linkage of their personal zone,
registering time and other information of these member
ideators of MIUI Honorary Moderator.
The second round of data collection aims at collecting the
data information of threads on new product ideas submitted by
users of MIUI Honorary Moderator, starting from May 4th to
July 30th in 2015. Firstly, researchers select threads on new
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product ideas (suggestions on new functions or feedback of
bugs) from the topic lists in the personal space of sample users.
Among those users, ten set protection for their personal zone
so that their data information of submitted new product ideas
was unavailable, thus these ten users are removed in this round.
Secondly, we collect the data information of new product
ideas, including the releasing time, linkages, titles, number of
views, number of replies, grades, text content, length of ideas,
photos, videos, attachments and so on. Note that the number of
reviews and applies, grades and all the information of replies
change over time. The deadline of submitting new product
ideas was set on March 30th in 2015 by the researchers, and
all the data information of new product ideas are collected a
month after those ideas are released. The data information
such as views varies little, for threads submitted a month ago
will become ‘Outdated posts’ in the vast number of updata.
These two rounds of data collecting were done by two
trained researchers who coordinately examine each other’s
missing or error information to make sure the objectivity and
accuracy to the large degree. Artificial screening and computer
technology are applied in the two rounds of data collecting to
ensure the accuracy and objectivity of the information.
C. Descriptive Analysis
The sample of this research is adopted from the MIUI
Honorary Moderator. MIUI Honorary Moderator, whose
nickname is ‘Rong Zuer’, is the core experienced users group
which is established as the earliest in MIUI Forum. The main
tasks of MIUI Honorary Moderator are submitting feedback
on and testing recurrent problems and offering suggestions of
new products functions.
TABLE 1. STATISTICAL DESCRIPTION
Name of Variables

Mean
Value

Standard
Deviation

Minimum
Value

Maximum
Value

0.43

0.49

0

2

25.13

31.09

0

205

60.01

72.22

0

371

87.61
0.71

157.05
1.3

0
0

7331
29

Implemented New
Product Ideas
Past successful
experience
Past Submitting
Experience
Length of Ideas
Richness of Ideas

TABLE 2. CORRELATIONS OF VARIABLES
Name of Variables
Implemented New
Product Ideas
Past successful
experience
Past Submitting
Experience
Length of Ideas
Richness of Ideas

1

2

3

4

5

1
0.177*

1

1
-0.001

1

-0.057*

0.418*

0.004
0.119*

*

-0.085
0.005

1
-0.07*
0.001

The samples in this study are the 234 users from MIUI
Honorary Moderator whose registration time is ranged from
the year 2010 to 2014. There are 13,661 new product ideas

sampled in this study. The submitting time of these ideas
range from the year 2010 to 2015 .
The descriptive statistics of the variables used in our
empirical model are given in Table1. Table 2 shows the
correlations between model variables.
V. EMPIRICAL STUDY
A.

Variables and Operationalization
This study involves one dependent variable, four
independent variables, and five control variables, as shown in
table 4. Among them, the innovation implementation of new
product ideas obtains data through content analysis.
1) Dependent Variable
The dependent variable of this study is the
implementation of the new product ideas, which is the
objective result of the comprehensive measurement of the
creative value [37]. We use content analysis method to
determine whether the new product ideas are adopted by
enterprises. Content analysis can translate the meaning of the
text into objective data to ensure the objectivity,
reproducibility and reliability of the data analysis [38-41].
This paper uses the method of content analysis based on
encoding content and step analysis proposed by Krippendorff
(1989) [42], Landis and Koch (1977) [43] to conduct
operation and measurement of variables. To ensure that every
content-analysis encoded of by two coders at the same time,
this study employs 4 graduates engaging in content encoding
with a group of two people and a total of two groups involved.
In this paper, the author doesn’t participate in the contentcoding work. And the author does not allow the four coding
workers to communicate with each other in the coding process.
In addition, we give each coder enough time to complete the
work, and limit their work time to no more than eight hours,
maximum reducing coding errors caused by fatigue.
Prior to the formal large-scale coding, this study firstly
uses partial data for precoding analysis. The goal of the
precoding analysis is "to revise the coding versions before
formal coding by repeated coding, to reduce or eliminate the
misunderstanding errors between the coders. If the precoding
results do not reach the critical value of 0.70 Kappa, the author
will organize four coders to discuss coding results that don’t
reach agreement. Continue discussions between the author and
the encoders by revising disagreement in coding rules, in order
to reach an agreement in coding understandings informal
encoding. Inter coder reliability (inter-coder armis) is
calculated by the percentage of consistent variables. The
results show that the value is between 0.70 and 0.97,
indicating that all the coding results of variables have high
credibility [42, 43].
This study adopts the two objective criteria judging
whether the ideas of a new product are implemented by
enterprises: one is the official sealant the top right of the post
on new product ideas; the second is content significance of the
ratings and replies by the enterprise experts (MIUI
Development Group). The meaning of the official seal, or the
significance of content of corporate experts’ reviews, can
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demonstrate the new product ideas have been implemented by
the enterprises, assigned to the 1". Otherwise, if the two
standards are not met, it is believed that the new product ideas
are not implemented by the enterprise, assigned to be 0".
2) Independent Variable
Past successful experience is defined as the number of
adopted and implemented new product ideas submitted by the
ideator in earlier stage. Operationalization of past successful
experience is defined as number of adopted and implemented
new product ideas submitted by the ideator before day t. Past
submission experience is defined as number of new product
ideas submitted by the ideator in earlier stage.
Operationalization of past submissions defined as number of
new product ideas submitted by the ideator before day t.
Length of ideas is defined as the length of the text of the new
product ideas, which can calculated through the use of
statistical software.Richness of ideas is defined as the richness
of multimedia documents in text of the new product ideas, or
the sum of the number of pictures, videos, attachments and
links in practical operation.
B. Results
Because the implementation of new product ideas
involving dependent variables is binary variable, we construct
the Logit Model to verify the research hypothesis about the
impact of individual experience and creative text
characteristics on the implementation of ideas.
The research model formula of the influence of
individual experience and creative text feature on the
implementation of ideas:
Logit (Implementaton of the Idea) =
β 0 Past successful experience+β 1 Past successful experience2 +β 3 Past
submission experience+β 4 Length of ideas +β 5 Richness of ideas +β 6
Control variables + ε
Notes: (1) the control variables include community tenure experience,
popularity of ideas (views), attention of ideas (reviews and scores), dummy
variables of years, dummy variables of category.
(2) The effect of the corresponding research variables on the
implementation of new product ideas
(3) The error term, used to control the non-observable heterogeneity

Table 3 shows significant likelihood ratio test of the
research model on the influence of individual experience and
creative text feature on the implementation of ideas, and the
model is well set up. Pseudo R2 value of model 1 is 0.1184.
There is a significant inverted U-shaped relationship between
the past successful experience and the implementation of ideas
(the past successful experience β=1.21 P<0.001 ， past
successful experience*past successful experience β= -0.09
P<0.001), so the hypothesis 1 is verified. Past submission(β= 0.79 P<0.001） is negatively correlated with implementation
of ideas, so the hypothesis 2 is validated. Length of ideas （β=
-0.05 P<0.05）is negatively correlated with implementation,
so the hypothesis 3 is validated. Richness of ideas（β=0.43
P<0.001）is positively correlated with the implementation of
ideas, so the hypothesis 4 is validated.

TABLE 3. THE INFLUENCE OF INDIVIDUAL EXPERIENCE AND CREATIVE TEXT
FEATURE ON THE IMPLEMENTATION OF IDEAS

Variables
Model
Past successful experience
1.21***
Past successful experience2
-0.09***
Past submission experience
-0.79***
Length of ideas
-0.05*
Richness of ideas
0.43***
Control variables
Community tenure experience
0.1**
-0.07**
Popularity of ideas：views
0.34***
Attention to ideas：reviews
0.24***
Attention to idea：ratings
Dummy variables of years
included
Dummy variables of category
included
Log-likelihood
-8035.607
X2(df)
2159.3***（85）
Pseudo R2
0.1184
N
13350
notes：* stands for P < 0.05,， ** for P < 0.01，*** for P < 0.001

VI. DISCUSSION
Based on the detailed and possible model framework, this
paper integrates the individual experience and creative
features to explore the effect of the two factors on the
implementation of the new product ideas. The main
conclusions are as follows. There is an inverted U-shaped
relationship between the ideator's past successful experience
and quality of new product ideas, namely when the ideator is
in early success, its innovative ability and innovative
performance continues to rise, and subsequent submission of
new product ideas are of much novelty and high commercial
value; however, when the ideator is in late success, they are
trapped in the existing successful model, so the individual
innovative ability and innovative performance decrease
gradually and subsequent submission of new product ideas are
of less novelty and commercial value. The ideator's past
submission experience negatively affect the quality of new
product ideas, that is to say, frequent submission of new
product ideas makes the ideator less creative and sensitive,
thus weakening the novelty and diversity of quality of new
product ideas. This paper verifies that new product ideas with
high quality are concise and comprehensive, diverse in forms
and well-supported. Lengthy new product ideas are not helpful
for corporate experts and ideators to quickly and accurately
read and comprehend; pictures and videos vividly and directly
display the content of new product ideas; and if the idea for a
new product contains sufficient information to demonstrate
that (attachments and links) that the content of new product
ideas are true and reliable, so the idea has a high quality.
A.

Implications for Theory
The following theoretical meanings are embodied in this
paper:
First, we have proposed in this paper an inverted Ushaped non-linear relationship between past success and the
implementation of new product ideas, and analyzed if there is
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a negative or positive relationship between ideators’ past
success and the implementation of new product ideas
concluded by prior studies. The previous studies demonstrate
that ideators’ past success negatively influences the
implementation of their new product ideas due to cognitive
fixation effects. However, individual innovation studies
proposes that ideators’ prior success helps produce individual
innovative self-efficacy and enrich their knowledge and
experience, thus contributing to their innovative performance.
To explain these controversial results, we put forward an
inverted U-shaped non-linear relationship between ideators’
past success and the implementation of new product ideas.
More specifically, ideators’ past success produces innovative
self-efficacy for them in the early stage so that the quality of
ideas are increasing; however, when the past success is
accumulated to a certain degree, ideators’ are likely to rely on
the mode of previous success so that the quality of ideas are
decreasing. The inverted U-shaped relationship developed the
prior studies and offers comprehensive theoretical explanation
for the relationship between ideators’ past success and the
implementation of their ideas.
Second, we have introduced basic structural and content
characteristics of ideas’ text, indicating that the length and
richness of ideas respectively have negative and positive
influences on the implementation of ideas, which may be
applied by ideators for reference. Prior researches only notices
influence of the content features subjectively assessed by
experts (e.g., relative advantages and compatibility) and
objective classifying features of ideas on the implementation
of ideas, ignoring the basic textual features of ideas. To offset
the previous studies, this paper has introduced the structural
and content features of the ideas’ text as the argument quality,
and explored their influence on the implementation of ideas.
Third, based on ELM, we have integrated the influence of
individual experience and textual characteristics of ideas on
the implementation of ideas, which makes up the one-sided
prior researches which only focus on individual features or
features of ideas. The literature review demonstrates that prior
studies have explored influential factors to the implementation
of new product ideas from the perspective of individual
features or characteristics of ideas. However, as the co-creator
of value, ideators generate and share new product ideas,
therefore, ideators’ characteristics coexist with the
characteristics of ideas and they jointly influence the value of
ideas generated by ideators. In other words, “the
characteristics of ideators and their generated ideas directly
influence whether the ideas are valuable enough to be
implemented by companies.” Therefore, based on ELM, this
paper constructs a theoretical model that individual experience
and textual features of ideas have influence on the
implementation of ideas.
B.

Implications for Practice
The conclusion of this study demonstrates an inverted Ushaped relationship between ideator’ prior success and the
implementation of new product ideas, and proved that with the
accumulation of successful experience, individual innovative
performance increases in the first period and decreases in the
late period. Thus, organizations should attach great importance

to the ideators whose prior success is increasing and in peak,
and take encouraging measures to fully unleash these ideators’
potential in innovation. For instance, organizations may allow
them to have access to professional materials related to
products, invite them to participate in internal R&D activities
on ideas, open the privilege to test the latest version of
products, etc. Although the innovative performance of ideators
with rich successful experience is gradually decreasing, the
ideators have become professional in the product because of
their rich product information and professional knowledge
accumulated from their past success. Organizations may
encourage these ideators to play a role in contributing
knowledge, answering questions, training, etc. in generating
new product ideas, facilitating other ideators to improve their
new product ideas. For example, organizations may award
them honorary titles (“senior member”, “supervisor”, etc.),
and invite them to take tasks of some internal experts
including training new ideators, answering questions,
commenting and selecting ideas. Experts and managers in a
company may take different measures to fully discover the
creative and knowledge advantages of ideators who are in
different phases of successful experience.
According to the conclusion, the past submitting
experience negatively influences the implementation of new
product ideas, demonstrating a gradually declining trend of
individual innovative performance with the accumulation of
workload experience. Thus, organizations should realize that
excessive working experience will consume ideators’ passion
and capacity in innovation, so they shouldn’t excessively
focus on the quantity of new product ideas submitted by
ideators but take measures to encourage ideators to value the
quality of each idea. For example, organizations are suggested
to promote the accepting rate of new product ideas ( the
quantity of accepted new product ideas/ the total of new
product ideas) as the evaluating requirements for ideators’
upgrading, enhancing ideators’ awareness of the relationship
between the quantity and the quality of new product ideas.
The results demonstrate that the length of ideas
negatively influences the implementation of ideas; however,
the richness of ideas positively influences the implementation
of ideas. Thus it is indicated that concise and brief new
product ideas with images and adequate arguments have
higher values and higher likelihood of being implemented by
organizations. Therefore, organizations should release
instructive opinions on generating new product ideas and
encourage ideators to illustrate their ideas with certain words,
present the ideas with images, videos, etc., and back the ideas
through fully applying the system running materials and
external materials.
C. Limitations
There exist some inevitable limitations in this research.
Firstly, new product ideas in other field are sampled to verify
this research conclusion. Secondly, the universality of users
adopted in this research is limited. Thirdly, the effects of
unobservable factors on the implementation of new product
ideas are not considered in this paper.
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Demo/Posters
Poster Session I
Date and Time: Wednesday, July 27, 2016, 12:00 PM-13:00 PM
Location: #1013, Earth Sciences Building, UBC
A Cost-Optimal Service Selection Approach for Collaborative Workflow Execution in Clouds
Yi Wei, Li Pan, Dong Yuan, Shijun Liu, Lei Wu and Xiangxu Meng
A Distributed Game-theoretic Approach for IaaS Service Trading in an Auction-based Cloud Market
YiWei, Li Pan, Dong Yuan, Shijun Liu, LeiWu and Xiangxu Meng
A Dynamic Priority based Profit Driven Scheduling Approach in Mobile Clouds
Shuo Zhang, Li Pan, Shijun Liu, Lei Wu and Xiangxu Meng
A Fast Shapelet Transform for Time Series Classification Based on Important Data Points
Cun Ji, Shijun Liu, Qingyang Wang, Yuliang Shi, Chenglei Yang, Lei Wu and Li Pan
A Fast Shapelet Transform for Time Series Classification with Limited Important Data Points
Cun Ji, Shijun Liu, Chenglei Yang, Lei Wu and Li Pan
A Fraud Resilient MedicalInsuranceClaimSystem
Yuliang Shi, Chenfei Sun, Qingzhong Li, Lizhen Cui and Han Yu
A Genetic Algorithm Based Data Replica Placement Strategy for Scientific Applications in Clouds
Lizhen Cui, Junhua Zhang, Lingxi Yue, Yuliang Shi, Hui Li and Dong Yuan
A neural network for Learning Spatiotemporal Models of Human Daily Activities
Shan Gao and Ah-Hwee Tan
A game based assessment tool for Parkinson’s Disease
Siyuan Liu, Zhiqi Shen, Martin J. McKeown, Cyril Leung and Chunyan Miao
A Social Curiosity Inspired Recommendation Model
Qiong Wu, Siyuan Liu, Chunyan Miao, Yuan Liu and Cyril Leung
Accuracy-Cost Tradeoff for Cloud-Based Ambient Assisted Living - Poster
Yi Dong, Yonggang Wen, Han Hu, Chunyan Miao and Cyril Leung
Activity Recognition using Kernel Embedding
Hangwei Qian, Sinno Jialin Pan and Chunyan Miao
AdaptScale: An adaptive data scaling controller for multiple performance requirements in cloud
Lei Liu, Wenbin Zhang, Yuliang Shi, Yongqing Zheng and Lizhen Cui
Airline Revenue Maximization
Haipeng Chen
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Demo/Posters
An approach to Performance Prediction for Parallel and Distributed Applications
Qingshi Shao, Li Pan, Shijun Liu and Lei Wu
An Automated Wandering Pattern Detection Algorithm for Person with Dementia (PwD)
Ashish Kumar, Chiew Tong Lau and Syin Chan
An Effective Hybrid Fraud Detection Method
Chenfei Sun, Qingzhong Li, Lizhen Cui, Zhongmin Yan and Hui Li
An Optimal and Iterative Pricing Model forMulticlass IaaS Cloud Services
Shuo Zhang, Li Pan, Dong Yuan, Shijun Liu and Lei Wu

Poster Session II
Date and Time: Thursday, July 28, 2016, 12:00 PM-13:00 PM
Location: #1013, Earth Sciences Building, UBC
An Incentive Mechanism for Consensus Tasks
Siyuan Liu, Xiuyi Fan and Chunyan Miao
An Overview of Crowdsourcing Approaches for MOOCs
Simon Fauvel, Han Yu and Chunyan Miao
BASKETBALL GENIUS FOR STROKE REHABILITATION
Yongmei Yuan, Chunyan Miao, Cyril Leung, Zhiqi Shen and Liang Zhang
Big datasets for research: A survey on flagship conferences
Yi Wei, Shijun Liu, Jiao Sun, Lizhen Cui, Li Pan, Lei Wu
Combining FineGrained Analysis and Scheduling to Smooth Response Time Fluctuations in Multi-tier Services
Shuangshuang Guo, Lizhen Cui, Shijun Liu and Calton Pu
Computational Assessment on Adaptive Level of Rehabilitation Exergames for Elderly Stroke Patients
Hao Zhang, Di Wang and Zhiqi Shen
Computerizing More Repeatable Trail Making Test for Longitudinal Cognitive Assessment
Zhiwei Zeng, Cyril Leung and Zhiqi Shen
Constrained Texture Mapping via Voronoi Diagram Base Domain
Peng Cheng, Jiaye Wang and Thomas W. Calvert
Crowd Wisdom Drives Intelligent Manufacturing
Jiaqi Lu, Shijun Liu, Lizhen Cui, Li Pan and Lei Wu

© 2016, Association for Crowd Science and Engineering (ACE). All rights reserved

197

Proceedings of the 2016 International Conference on
Crowd Science and Engineering (ICCSE 2016)

Demo/Posters
CTP：a Scheduling Strategy to Smooth Response Time Fluctuations in Multi-tier Website System
Wenbin Zhang, Yuliang Shi, Shidong Zhang, Zheng Yongqing, Lizhen Cui and Han Yu
Data Organization Patterns for Cloud Enterprise Applications
Yi Wei, Lei Wu, Shijun Liu, Li Pan and Xiangxu Meng
Device Data Ingestion for Industrial Big Data Platforms with a Case Study
Cun Ji, Qingshi Shao, Jiao Sun, Shijun Liu, Li Pan, Lei Wu and Chenglei Yang
Distributed ACO Based on a Crowdingsourcing Model for Multiobjective Problem
Jiaqi Lu, Li Pan and Shijun Liu
Efficient Crowd-Powered Active Learning for Reliable Review Evaluation
Xinping Min, Lizhen Cui, Qingzhong Li and Han Yu
Empathy Map Game: A Social Cognitive Game for Elderly
Feng Xiao, Han Lin and Chunyan Miao
ETTF: A Trusted Trading Framework Using Blockchain in E-commerce
Xinping Min, Qingzhong Li, Lei Liu and Lizhen Cui
Explained Activity Recognition with Computational Assumption-based Argumentation
Xiuyi Fan and Siyuan Liu
Familiarity Design in Exergames for the Elderly
Hao Zhang, Di Wang and Zhiqi Shen

Poster Session III
Date and Time: Friday, July 29, 2016, 12:00 PM-13:00 PM
Location: #1013, Earth Sciences Building, UBC
Follow Me: A Personal Robotic Companion System for the Elderly
Rong Wang, Huiguo Zhang, Yuan Miao, Cyril Leung and Zhiqi Shen
Forming Effective Teams for Sustainable Living Using Familiarity Design
Zhengxiang Pan, Jun Lin, Han Yu, Chunyan Miao and Cyril Leung
Game Theoretical Approach to Prevent Illegal Network Flow
Qingyu Guo, Bo An and Yair Zick
IBDP: An Industrial Big Data Ingestion and Analysis Platform and Case Studies
Cun Ji, Shijun Liu, Chenglei Yang, Lei Wu and Li Pan
Integrating Theoretical Modeling and Experimental Measurement for Soft Resource Allocation in Multi-Tier Web Systems
Yuliang Shi, Jiwei Huang, Xudong Zhao, Lei Liu, Shijun Liu and Lizhen Cui
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Demo/Posters
Learning the Influence Probabilities Based on Multipolar Factors in Social Network
Weibo Wang, Zhaohui Peng, Ziyan Liu, Tianchen Zhu, Xiaoguang Hong and Lizhen Cui
Long term magnitude and phase information for synthetic speech detection
Xiaohai Tian, Steven Du and Eng Siong Chng
Making Use of Virtual and Augmented Reality in an Elderly Setting
Benny Tan, Frank Guan and Cyril Leung
MapReduce short jobs optimization based on resource reuse
Yuliang Shi, Kaihui Zhang, Lizhen Cui, Lei Liu, Zheng Yongqing, Shidong Zhang and Han Yu
MGCAD: An Transient Anomaly Detection Approach for Industrial Equipment Based on Multiple Group Correlation
Probability Models
Xiangzhen Xu, Yuliang Shi, Shanqing Guo, Shijun Liu, Lizhen Cui and Hui Li
Minimizing the Cost to Win Competition in Social Network
Ziyan Liu, Hong Xiaoguang, Zhaohui Peng, Zhiyong Chen, Weibo Wang, Tianhang Song and Lizhen Cui
MyLife: A Digital Autobiographical Memory System
Di Wang and Ah-Hwee Tan
Online Multimodal Co-indexing and Retrieval of Weakly Labeled Web Image Collections
Lei Meng, Ah-Hwee Tan, Cyril Leung, Liqiang Nie, Tat-Seng Chua and Chunyan Miao
Optimal Electric Vehicle Charging Station Placemen
Yanhai Xiong, Jiarui Gan, Bo An and Ana L. C. Bazzan
Optimizing Replica Exchange Strategy for Load Balancing in Multitenant Databases
Teng Liu, Qingzhong Li, Lanju Kong, Lei Liu and Lizhen Cui
Performance Analysis of Cloud Computing Centers Serving Parallelizable Jobs Using M/M/c/c+r Queuing Systems
Xiulin Li
Performance and Resource Prediction at High Utilization for N-Tier Service Systems in Cloud An Experiment driven
Approach
Wenbin Zhang, Yuliang Shi, Lei Liu, Lizhen Cui and Zheng Yongqing
Personality Prediction from Chinese Social Media Profile
Shuji Hao, Chunyan Miao and Steven Hoi

Poster Session IV
Date and Time: Saturday, July 30, 2016, 12:00 PM-13:00 PM
Location: #1013, Earth Sciences Building, UBC
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Preliminary analysis of the evolution of social networks based on MSM triple feature
Ziyu Guo
Profit Based Two-Step Job Scheduling in Clouds
Shuo Zhang, Li Pan, Shijun Liu, Lei Wu and Xiangxu Meng
Role Fulfilment Model for Motivating Participation in Mundane Crowdsourcing Tasks
Xinjia Yu, Chunyan Miao, Cyril Leung and Charles T. Salmon
Second-price Auction-based Dynamic Allocation Model for Cloud Computing Resource
Bingbing Zheng
Self-Directed Learning Skill Assessment Using Behavior Data in an Crowdsourcing Platform
Ailiya Borjigin, Chunyan Miao, Zhiqi Shen, Han Yu and Zhiwei Zeng
Selective Attention – Can it Be Improved?
Siyuan Liu, Zhiqi Shen, Han Lin, Zhengjin Guo, Chunyan Miao, Cyril Leung and Chin Jing Jih
Silver Assistants for Aging-In-Place
Di Wang, Budhitama Subagdja and Ah-Hwee Tan
SRConfig: An Empirical Method of Interdependent Soft Configurations for Improving Performance in n-Tier Application
Yuliang Shi, Xudong Zhao, Shanqing Guo, Shijun Liu and Lizhen Cui
Teachable Agents Framework for Developing Heterogeneous Virtual Assistants
Budhitama Subagdja and Ah-Hwee Tan
Temporal Recommendation via Modeling Dynamic Interests with Inverted-U-Curves
Yang Xu, Hong Xiaoguang, Zhaohui Peng, Guang Yang, Philip S Yu and Lizhen Cui
Towards Best Region Search for Data Exploration
Kaiyu Feng, Gao Cong, Sourav S. Bhowmick, Wen-Chih Peng and Jane Wang
Towards Data-driven Software Engineering Skills Assessment
Jun Lin, Han Yu, Zhiqi Shen, Hao Zhang and Yuan Miao
A Piecewise Linear Representation Method Based on Importance Data Points for Time Series Data
Cun Ji, Shijun Liu, Chenglei Yang, Lei Wu, Li Pan and Xiangxu Meng
A Self-Evolving Method of Data Model for Cloud-based Machine Data Ingestion
Cun Ji, Shijun Liu, Yingbo Liu, Chenglei Yang, Lizhen Cui, Li Pan and Lei Wu
A framework for recognizing behavior of the elderly from sensor data
Wei Wang, Sinno Jialin Pan and Chunyan Miao
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